“Nano-week” & NanoCommons Final Conference
co-organised with EU NanoSafety Cluster projects
Cyprus, 20 – 24 June 2022

Programme and Abstract booklet

1

Welcome note

June 2022

Καλωσορίσατε στην Κύπρο και στο Nanoweek!
Finally, we are here! After the extensive lockdown periods, and the uncertainty around travel
and restrictions, we are absolutely thrilled to welcome more than 220 participants to
Nanoweek 2022, which includes the NanoCommons Final conference, an EU-US
Communities of Research meeting and a “Bridging Communities session” in collaboration
with the NanoSafety Cluster, a NanoSafety Training Day, an Early Career NanoSafety
Researchers networking event, a link-up with the SciDataCon conference, occurring in
parallel in South Korea, to discuss progress towards the standardisation of the InChI identifier
for Nanomaterials, cross-project meetings and more.
We have a packed scientific and discussion programme, with many opportunities for
networking, catching up with friends and colleagues, old and new, all set in a beautiful
location to inspire us and renew our collective energy and enthusiasm for collaborative,
cross-sector and cross-boundary (disciplinary and geographical) nanosafety research.
The scientific and logistical organisation of the event was supported by a wide range of
colleagues from across the spectrum of nanosafety projects, spanning Safe (and Sustainable)
by Design, Risk Governance, nanoinformatics, exposure and hazard assessment and more,
and we take this opportunity to thank the Scientific and Local Organising Committees for
their time, their ideas, their enthusiasm and their financial contributions, their dissemination
and promotional activities, all of which have contributed to ensuring that so many of our
community are here with us today in sunny Cyprus.
We wish you all a wonderful week, and hope that you enjoy every aspect of the week – social
and scientific. If you tweet, please tag #nanoweek22 and @eunanosafety so that we can
amplify your tweets.

Georgia Melagraki, Antreas Afantitis, Thomas Exner, Martin Himly, Iseult Lynch
and the NanoCommons consortium
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Detailed day-by-day Programme

“Evolution of Nanosafety and materials sustainability as we transition into Horizon Europe”.
Cyprus, 20 – 24 June 2022, Conference venue: Crown Plaza Limassol, Promachon Eleftherias 2, Agios Athanasios, Limassol
Virtual participation via Zoom:
Keynotes and Track 1 Hazard, Exposure and SSbD:
https://bham-ac-uk.zoom.us/j/4712342117?pwd=S1FGRGN6U3BzNUoraDdlMDJDaERMQT09
Meeting ID: 471 234 2117
Passcode: Nanoweek
Track 2: Nanoinformatics & Data
https://bham-ac-uk.zoom.us/j/6430276949?pwd=WlhrSm40N3M1OFB0N21MWWg2MEgxUT09
Meeting ID: 643 027 6949
Passcode: Nanoweek
Updated 17th June 2022: Note that the programme is subject to minor changes due to ongoing Covid situation

Monday 20th June
08.30

09.00 – 10.00
10.00 – 11.00
11.00 – 11.30
11.30 – 13.00
13.00 – 14.15
14.15– 14.30
14.30 – 15.00

Welcome and registration
Young NanoSafety Scientists session (Chairs: Stefania Melandri and Ilaria Zanoni (CNR / ASINA)) (SUITE B)
Presentation of NanoSafety Early Career Research (ECR) Network (Presentation of group, activities, and Coordination Board)
Introduction of the participants (who are you? What is your field of interest?)
Coffee break
Nanosafety Science speed dating
Lunch
NanoCommons Final Conference (SUITE B)
Chairs: Iseult Lynch & Antreas Afantitis
Opening remarks & welcome
Welcome from Cypriot National Contact point– Stamatis Dimopoulos - Research Promotion Foundation, Cyprus
Keynote 1 - Fred Klaessig, Pennsylvania Bio Nano Systems; https://www.linkedin.com/in/fred-klaessig-b5800aa/
“Some open questions in understanding and predicting nanomaterials dissolution”
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15.00 – 16.00

16.00– 16.30
16.30 – 16.45
16.45 – 17.00

17.00 – 17.15
17.15 – 17.30
17.30 – 17.45
17.45 – 18.00
18.00 – 18.30
18.30 – 19.00
19.30 – 22.30

NanoCommons Transnational Access projects Showcase: Short presentations from NanoCommons Transnational Access (TA) Users
1) Deven Joshi (TEMAS Solution/NanoPAT): Data management solutions for inline/online processes
2) Diego Martinez (CNPEM LNNano): Building the Brazilian infrastructure for nanosafety data management
3) Egon Willighagen (IDEA/MU): Integrating eNanoMapper and NanoCommons via APIs
4) Konstantinos Giannakopoulos (Demokritos, virtual): Image analysis applied to complex and agglomerated NMs
5) Periklis Tsiros-NTUA, and pre-recording from Dingsheng Li - University of Nevada): Integration of biokinetics models in the
NanoCommons infrastructure through the Jaqpot platform
6) Antreas Afantitis (NovaMechanics): NanoCommons & NanoSolveIT KNIME nodes: Will they blend?
Coffee Break
Track 1: Hazard, Exposure and SSbD (SUITE B)
Track 2: Nanoinformatics & Data (SUITE A)
Chairs: Martin Himly & Socorro Vázquez-Campos
Chairs: Dario Greco & Damjana Drobne
Interaction of different types of carbon nanomaterials of industrial Community infrastructure for nanosafety: the future of
interest with human primary macrophages from blood donors:
NanoCommons I. Lynch (University of Birmingham)
nanotoxicology and immune activation – A. Artiga (CNRS)
Accounting for nanomaterials-related toxicity issues in the
A “traffic light” methodology enabling the automatic assessment
environmental Life Cycle Assessment (LCA) studies – A R&D case
of Data Quality and Completeness of nanosafety physicochemical
study - B. Belloncle (Materia Nova)
and hazard information for Risk Assessment purposes – G. Basei
(GreenDecision Srl)
Label-free Impedance-based Methods for Nanotoxicity
Improving data findability and accessibility – M. Bakker/Cowie
Assessment – M. Cimpan (University of Bergen)
(Institute of Occupational Medicine)
Much ado about silica: surface modification mitigates silica
Data shepherding in nanotechnology. The ASINA case – I. Furxhi
nanoparticle-triggered cytotoxicity and pro-inflammatory cytokine (Transgero Limited)
release in human monocytes – B. Fadeel (Karolinska Institutet)
Biotransformation Modulates the Penetration of Metallic
Which FAIR assessment tools to use? – M.I. Bakker/Quik (RIVM)
Nanomaterials across the Blood Brain Barrier – Z. Guo (University
of Birmingham)
Use of single particle ICP-MS to estimate silver nanoparticle
Reducing the obstacles for the use of in vitro toxicity data of
penetration through baby porcine mucosa – I. Zanoni (CNR-ISTEC) nanomaterials in life cycle assessment and human risk assessment
– P. Wick (Empa)
Keynote 2 - Susana Loureiro, University of Aveiro; http://www.cesam.ua.pt/index.php?tabela=pessoaldetail&menu=198&user=103
“Increasing the realism and regulatory relevance of nanomaterials safety research – the role of mesocosms” (SUITE B)
Open Round Table: Sustaining a community infrastructure (Chair: Iseult Lynch) (SUITE B)
Panellists: Evert Bouman, Carlos Fitos, Panagiotis Isigonis, Dieter Maier and Isabel Rodriguez Llopis
Dinner (Crown Plaza Limassol) and stroll to the Marina
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Tuesday 21st June
08.00

09.00 – 09.30

09.30 – 09.45
09.45 - 10.00
10.00 - 10.15
10.15 - 10.30
10.30 - 10.45

10.45 - 11.00
11.00 - 11.30

11.30 - 11.45

Registration

Keynote 3 - Cecilia Mattevi, Imperial College London. https://www.imperial.ac.uk/people/c.mattevi
“Synthesis of 2D materials and their three-dimensional structuring into miniaturized devices for application as energy storage devices
and energy conversion systems” (Virtual) (SUITE B)
Track 1: Hazard, Exposure and SSbD (SUITE B)
Track 2: Nanoinformatics & Data (SUITE A)
Chairs: Arno Gutleb & Ilaria Zanoni
Chairs: Martin Himly & Iseult Lynch
Engineered nanomaterial-relevant AOPs; network creation and
A Portal and IT infrastructure supporting Risk Governance of nanoidentification of key nodes for adverse outcomes – S. Poulsen
and advanced materials and nano-enabled products – E.A.
(National Research Centre for the Working Environment)
Bouman (NILU)
Assessing the similarity of nanoforms based on the biodegradation DoE applied to photocatalytic surface for waste water remediation
of organic surface treatment chemicals – R. Cross (UKCEH)
– L. Faccani (CNR-ISTEC)
Validation of an advanced 3D respiratory tri-culture model at the
NInChI / SciDataCon session (in conjunction with international
air-liquid interface for hazard assessment of nanomaterials – E.
data week / SciDataCon 2022 – Data to improve our world)
Elje (NILU)
Chairs: Thomas Exner, Iseult Lynch & Tae-Hyun Yoon (S. Korea)
- Iseult Lynch (UoB): Welcome and introduction to NanoInChI
Hazard identification of nanomaterials: in silico unravelling of
descriptors for cytotoxicity and genotoxicity – N. El. Yamani (NILU) - John Rumble (RandRdata): Minimal reporting and CODATA
Universal Description System
In vitro cytokinesis block micronucleus (CBMN) assay to evaluate
Virtual presentations from SciDataCon:
the genotoxicity of multicomponent nanomaterials – a
- Jungho Shin: ChemDX and MatDX : big-data web services for
comparison with their individual counterparts – A. Saccardo
chemists and materials scientists- Jongwoon Kim: Mixture Risk
(Swansea University)
Assessment Database on Combined Toxicities and Exposures of
Titania-supported metal photocatalytic coating for protection
Chemicals and Mixtures
against COVID-19 outbreak – A.M. Moschovi/Yakoumis (YS
- Minkyu Park: Simulation Paradigm Shift to the Platform:
Cypriot Catalysts Ltd)
Materials
Square
Coffee
Back in Cyprus:
- Gerd Blanke: The IUPAC International Chemical Identifier (InChI)
- Antreas Afantitis (NovaMechanics): NInChI prototype & needs
Note: Coffee in the meeting room
Track 1: Hazard, Exposure and SSbD (SUITE B)
Track 2: Nanoinformatics & Data (SUITE A)
Chairs: Simon Clavaguera & Ilaria Zanoni
Chairs: Angela Serra & Iseult Lynch
Safe and Sustainable by design alternatives applied to antiviral
Representation requirements and possible extensions to NInChI to
and antimicrobial nano-Ag technology – M. Blosi (CNR-ISTEC)
facilitate the development of data-driven structure-property
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11.45 - 12.00

Identification of the Safe(r) By Design alternatives of Nanosilverenabled wound dressings – V. Cazzagon (University Ca' Foscari of
Venice)

12.00 - 12.15

A Safe by Design approach for the synthesis of TiO2-based
nanoparticles for the photocatalytic degradation of pollutants
under visible light – Grigoropoulos (Creative Nano PC)
Sector specific practices and nanosafety alerts for Safe by Design
(SbD) in the 3D printing and paints sectors – J. Hanlon (Institute of
Occupational Medicine)
Emissions characterization from 3D printing processes using
polymeric and CNTloaded filaments – a SAbyNA case study – A.
Clavaguera/Salmatonidis (LEITAT)
Towards safety and sustainability in scalable production of
semiconducting nano and non-nanomaterials: Zinc oxide - a case
study – P.M.A. Farias (Federal University of Pernambuco)
Lunch
Conference Photo
Track 1: Hazard, Exposure and SSbD (SUITE B)
Chairs: Matine Bakker & Nathan Bossa
Optofluidic Force Induction as Process Analytical Technology – M.
Šimić (University of Graz)

12.15 - 12.30
12.30 - 12.45
12.45 - 13.00
13.00 - 14.30

14.30 - 14.45
14.45 - 15.00
15.00 - 15.15
15.15 – 15.30

Production of Safe and Functional Nanomaterials introducing the
Safety by Process Control Concept – F. Doganis (NTUA)
Chlorella vulgaris/TiO2 NPs hybrid nanomaterials: new sustainable
by design strategy for water treatment applications – A.
Brigliadori (CNR-ISTEC)
Updating the OECD 211 Daphnia magna reproduction test for
particle-based toxicant exposures – K. Reilly (University of
Birmingham)

models – E. Marcoulaki (National Center for Scientific Research
“Demokritos”)
The role of digitalization in the safe and sustainable design of
manufacturing nanoprocesses. Conceptual framework and first
results of the ASINA project - J. M. Lopez de Ipiña (TECNALIA
Research and Innovation)
Developing and documenting PBPK models for nanomaterials: a
TiO2 case study – H. Sarimveis (NTUA)
Introducing the European Registry of Materials Identifier: a global,
unique identifier for (undisclosed) nanomaterials – J. Van Rijn
(Maastricht University)
Instance Maps: A tool for on-the-fly (meta)data collection – T.
Exner (7P9-DE)
Integrating exposure, hazard and risk modelling across scales to
support safe by design of nanomaterials - A. Afantitis
(NovaMechanics Ltd.)
Track 2: Nanoinformatics & Data (SUITE A)
Chairs: Anastasios Papadiamantis & Tomasz Puzyn
Meta-analysis of Bioaccumulation Data for Non-Dissolvable
Nanomaterials in Freshwater Aquatic Organisms – Y. Zheng
(EMPA)
Subspace Clustering as a tool for the similarity assessment and the
Read-Across of Nanomaterials – G. Basei (GreenDecision Srl)
Hydrophobicity and protein-protein interactions in nanoparticle
coronas – N.V. Buchete /S. Dutta (University College Dublin)
Synergistic strategies for management of nanotechnologies
Molecular Adverse Outcome Pathways: towards the
implementation of transcriptomics data in risk assessments – M.
Martens (Maastricht University)
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15.30 - 16.00
16.00 - 16.30
16.30 - 16.45
16.45 - 17.00
17.00 - 17.15
17.15 – 17.30

17.30 - 18.00
18.00 - 18.30
18.30 - 18.45
19.00 - 22.30

Poster pitches Session 1A (see list below)
Coffee Break
Track 1: Hazard, Exposure and SSbD (SUITE B)
Chairs: Anna Costa & Tobias Stoeger
Wine fining: study on nanostructured mesoporous titania thin
layers for adsorption of low molecular weight wine proteins – M.
Serantoni (CNR-ISTEC)
Mechanochemistry of PGMs – Z. Cherkezova-Zheleva /Yakoumis
(ENEA)
Antibacterial and Stability Tests of Silver Nanoparticle SprayCoated Fabrics – A. Varesano (CNR-STIIMA)

Poster pitches Session 1B (see list below)

Track 2: Nanoinformatics & Data (SUITE A)
Chairs: Danail Hristozov & Stefania Melandri
Computational modeling of intrinsic and extrinsic descriptors of
nanomaterials – A. Colibaba / Vladimir Lobaskin (University
College Dublin)
Nanocomposites via Simulations Across Scales – V. Harmandaris
(The Cyprus Institute)
Advancing our understanding of plastic fragmentation in the
environment through a mechanistic model of micro- and
nanoplastic fragmentation – S. Harrison (UKCEH)
ChemPGM- Chemistry of Platinum Group Metals – M.L.
Cross-selling Nanosafety Modeling Tools: Susceptibility
Grilli/YAKOUMIS (ENEA)
Differences of Respiratory Epithelial Barriers to SARS-CoV-2
Transmission by Virion-laden Aerosol Particles in the Adult and
Juvenile Human Lung – S. Hofer (PLUS)
Poster pitches Session 2A (see list below)
Poster pitches Session 2B (see list below)
Round Table on data management needs & approaches (Chair: Egon Willighagen & Thomas Exner) (SUITE B)
Panellists: Anna Costa, Martine Bakker; Danail Hristozov, Damjana Drobne and Socorro Vacquez-Campos
Introduction to NanoHarmony interactive session (SUITE B)
Outdoor Poster session
with cocktails & buffet dinner, plus NanoHarmony interactive session

List of poster-pitch presentations (3 minutes per poster pitch)
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Track 1A: Hazard, Exposure and Safe & Sustainable by design (Tuesday 15.30 - 16.00 pm)
A1 Functionalization of imogolites by metal nanoparticles: Safe by Design approach for Copper. Dorra Gargouri (Université Paris-Saclay)
A2
NANOPAT: Process Analytical Technologies for Industrial Nanoparticle Production. Marvin Münzberg (University of Postdam)
A3 Development of Innovative Catalytic Device for Marine Applications. Marios Kourtelesis (Monolithos Catalysts & Recycling Ltd)
A4 Nanosized copper-based catalyst for automotive: physicochemical characterization. Amaia Soto Beobide (Foundation for Research and Technology / Institute of
Chemical Engineering Sciences FORTH)
A5 Monitoring measurements of Ag Nanoparticle Spray-Coated on Textiles. Simona Ortelli (Institute of Science and Technology for Ceramics-National Research Council
of Italy)
A6 Life-cycle Risk Assessment of Graphene Functional Fabrics: Outcomes, Data Gaps and Priorities. James Ede (Vireo Advisors)
A7 Identifying and quantifying release from ASINA NEP with antibacterial properties, towards Safe-by-Design strategies along the whole product’s life-cycle. David
Burrueco-Subirà (LEITAT Technological Center)
A8 Coupling nanomaterial release to a flow-through membrane-on-chip screening module for rapid assessment of engineered nanomaterials. Will Stokes (University of
Leeds)
A9 Strategies to assess health and environment exposure risks to bio-based nanomaterials. Carla F. Martins (Instituto de Soldadura e Qualidade)
Track 1A: Hazard, Exposure and Safe & Sustainable by design (Tuesday, 17.30 - 18.00 pm)
A10 Environmental Life Cycle Assessment and Cost Analysis of The Production of Ti6Al4V-TiC Metal-Matrix Composite Powder by High-Energy Ball Milling. Mario SantiagoHerrera (International Research Center in Critical Raw Materials for Advanced Industrial Technologies)
A11 Adaptation and validation of test methods for physicochemical characterization of nanomaterials: the RiskGONE approach. Elise Moschini (Luxembourg Institute of
Science and Technology)
A12 Genotoxicity assessment of lung cells cultured at the air-liquid interface: comparison of bronchial and alveolar mono- and cocultures. Elisabeth Elje
(Norwegian Institute for Air Research)
A13 Collective cellular dynamics for Nano safety assessment. Karmveer Yadav (ICAR-National Dairy Research Institute)
A14 Development of a liver carcinoma biomarker panel in 3D HepG2 Liver spheroids following exposure to nanomaterials. Gillian E. Conway (Swansea University Medical
School)
A15 Sex-related in vivo response to metallic nanoparticles. Ivana Vinković Vrček (Institute for Medical Research and Occupational Health)
A16 A gene regulation model reveals an ancestral adaptation response to particulate exposure triggered by nanomaterials. Guicy del Giudice (University of Tampere).
A17 Water management affects the impact of CeO2 NPs in rice (growing under flooded and aerobic soil conditions). Peng Zhang (University of Birmingham)
A18 Scientific basis for adapting technical guidelines for nanomaterials testing: the case of the OECD Test Guidelines with algae, daphnia and fish. Susana Loureiro
(University of Aveiro) [Note: this is also part of the NanoHarmony TG session]
Track 1B: Nanoinformatics and data management (Tuesday 15.30 - 16.00 pm)
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B1

Reusability of data from acute toxicity studies in aquatic organisms and bioaccumulation studies in fish – building templates for the eNanoMapper database. Judit
Kalman (National Institute for Agricultural and Food Research and Technology) [Note: this is also part of the NanoHarmony TG session]

B2

Can all experimental nanosafety data be reused? No. Let’s help improve the situation. Marvin Martens for Ammar Ammar (Maastricht University)

B3

Reuse of genotoxicity data on nanomaterials: the importance of being FAIR. Cecilia Bossa (Istituto Superiore di Sanità)

B4

The GO FAIR AdvancedNano Implementation Network. Verónica I. Dumit (The German Federal Institute for Risk Assessment)

B5

“A Stakeholder’s Perspective of Safe-and-Sustainable-by-Design (SSbD)”. Report on the SABYDOMA workshop held on Friday 18th February 2022. Ignasi Gispert Pi
(Applied NanoParticles S.L.)

B6

Requirements for improvement of existing strategies for Safe by Design (SbD) of NFs/ NEPs to be implemented by industry in SAbyNA. Nathan Bossa (LEITAT
technological center)

B7

Streamlining models and tools for release, fate and exposure assessment of NFs/NEPs for Safe by Design (SbD) purposes. James Hanlon (Institute of Occupational
Medicine)

B8

GRACIOUS Wiki and Blueprint. Alex Zabeo (Greendecision Srl)

B9

Guidance on risk governance of nanomaterials through decision schemes and the RiskGONE cloud platform. Panagiotis Isigonis (Ca’ Foscari University of Venice)

Track 2B: Nanoinformatics and data management (Tuesday 17.30 - 18.00 pm)
B10

Integrating ethics in risk governance of nanomaterials in tyres. Ineke Malsch (Malsch TechnoValuation)

B11

Engineered manganese oxide nanoparticles alter highly the transcriptomic landscape of A549 cells, in comparison with the limited effect of an engineered
manganese-decorated graphene. Juan Antonio Tamayo-Ramos for Juan José González-Plaza (International Research Centre in Critical Raw Materials-ICCRAM)

B12

Semantic modelling of Adverse Outcome Pathways and the implementation in reproducible workflows. Marvin Martens (Maastricht University)

B13

Quantifying Uncertainty and Optimizing Experimental Design in Dose-Response Screenings of Nanoparticles: a Bayesian Data Analysis. Felice Carlo Simeone (Institute
for Science and Technology of Ceramics)

B14

The SUNSHINE e-Infrastructure. Alex Zabeo (Greendecision Srl)

B15

The NanoInformaTIX platform: idea, methodology and current development. Gianpietro Basei (Greendecision Srl)

B16

Digitisation in NanoSafety Research - an interactive poster. Thomas Exner (SevenPastNine)

B17

New descriptor to quantify the number, nature and specific reactivity (Oxidative Turnover Frequency) of surface reactive sites for nanomaterials evaluation, grouping
and dose metrics. V. Alcolea-Rodriguez, R. Portela, Miguel A. Bañares (Instituto de Catálisis y Petroleoquímica, CSIC)

B18

Towards QSAR/QSPR modeling of multicomponent advanced nanomaterials. Alicja Mikolajczyk (QSARLabs)

(See later in document for the full list of poster presentations).

Wednesday 22nd June
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8:00
08:20 - 09:00

09.00 – 09.15
09.15 – 09.30
09.30 - 09.45
09.45 - 10.00
10.00 - 10.15
10.15 - 10.30
10.30 - 11.00

11.00 – 11.30
11.30 - 12.00
12:00 - 12:15
12.15- 12.30
12.30 - 14.00
14.00 -17.45
14.00 - 14.15

Registration
Keynote 4 - Phil Demokritou, Harvard University, https://environment.harvard.edu/people/philip-demokritou

“Sustainable Nanotechnology: Bio-inspired, nature derived and non-toxic nanomaterials for agri-food systems applications“ (SUITE B)

Track 1: Hazard, Exposure and SSbD (SUITE B)
Chairs: Tobias Stoeger & Tomasso Serchi
Occupational risk assessment and management of nano-enabled
magnetite contrast agent using the BIORIMA Decision Support
System – V. Cazzagon (University Ca' Foscari of Venice)
TRAAC framework for regulatory acceptance and wider usability of
tools and methods for safe innovation and sustainability of
manufactured nanomaterials – W. Fransman (TNO)
An Early Decision Toolbox Facilitating Safe-by-Design Anti-allergy
Nanovaccine Development – L. Johnson (University of Salzburg)
Synergistic strategies for management of nanotechnologies safety
– J. Laranjeira (ISQ-Instituto de Soldadura e Qualidade)
Towards risk governance of nanomaterials: adaptation and
validation of test methods for characterization and hazard
assessment – E. Longhin (NILU)
A Weight of Evidence approach to classify nanomaterials according
to the EU CLP Regulation criteria – G. Basei (GreenDecision Srl)
Coffee Break

Track 2: Nanoinformatics & Data (SUITE A)
Chairs: Georgia Melagraki & Miguel Banares
First principles modelling of nanomaterials properties – K. Kotsis
(University College Dublin)
Multi-scale modelling of aggregation of TiO2 nanoparticles in
water – G. Mancardi (Politecnico di Torino)
Multi-scale modelling of the nanoparticle – protein corona – I.
Rouse (University College Dublin)
Exploring Adverse Outcome Pathways for nanomaterials with
semantic web technologies – J. Van Rijn (Maastricht University)
System-dependent QSAR modelling for nanoparticles – T. Puzyn
(University of Gdansk)
Jaqpot: A computational platform supporting in silico modelling
of nanomaterials – H. Sarimveis (NTUA)

Plenary session
Chair: Iseult Lynch and Fred Klaessig (SUITE B)
Keynote 5 - Matt Hull, Virginia Tech; https://vt.edu/link/license/faculty-inventors/matthew-hull.html
“From NanoSafety to Sustainable Nano-enabled Innovation Ecosystems: a 20 Year Journey”
NMBP13 projects: Overview of steps towards future nano risk governance
NanoFabNet launch event
Closing remarks, prize giving & Hand-over to CoRs
Lunch
Bridging Scientific Communities (EU-US CoRs and EU NSC)
2022 NanoEHS CoR Workshop (Chairs: Arno Gutleb & Rhema Bjorkland) (SUITE B)
Welcome, Introductions & CoRs highlights (2020-2022) – Arno Gutleb (LIST)
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14.15 - 14.45
14.45 - 15.15
15.15 – 15.30
15.30 - 17.00

17.00 - 17.45

18.30 - 22.30

Program Overview Horizon Europe – Jana Drbohlavova (EC, Virtual Presentation)
Programme Overview NNI – Lisa Friedersdorf (NNI, Virtual Presentation)
Plenary Keynote: Best practices and strategies for building interdisciplinary and international communities of research – Christine
Ogilvie Hendren (Appalachian State University)
Coffee Break (provided in the x3 breakout rooms)
NanoEHS CORs Breakout Session I (SUITE B)
NanoEHS CORs Breakout Session I (SUITE C) Training session on
· Ecotoxicity and Human Health CORs
Database and informatics during Nano-Week: NanoSolveIT and
(Session chairs: Susana Loureiro and Olga TsyuskoKey takeaways
NanoCommons modelling tools
Unrine; Arno Gutleb and Christie Sayes)
(Session chairs: Egon Willighagen and Fred
(SUITE A)
Discussion topic: Towards One Health – deeper
Klaessig)
integration of ecotox and human tox
NanoSafety Cluster Session: Bridging Communities (Chairs: Andreas Falk and Cris Rocca) (SUITE B)
Aims: Create a collaborative environment in specific areas that are/could be well connected:
o Safety and Sustainability by Design
o Micro- and nanoplastics
o Environment, health and safety of nanotechnologies/nanomaterials/advanced materials
o Sustainable materials
o Chemicals
o Processes
What is expected from participating communities/clusters? Short 2 minute presentations (max. 2 slides)
1. Get to know the core assets and action areas of each community/cluster.
2. Identify ideas, opportunities and contributions for collaboration.
3. Define common grounds for cross-community collaboration.

Cyprus Tour (by bus – please be on time) and Traditional Taverna dinner

Thursday 23rd June
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09.00 – 10.00

10.00 – 10.30

10.30 - 11.00

11.00 - 11.30
11.30 - 12.15

12.15 - 13.00

13.00 – 14.30

Training Activities (SUITE B – all day)
Training: Speed dating on decision
support systems (DSS) for SSbD
- What can I expect / what do I need to
know / for whom is it useful / do we
have what we need?
DSS presenters (tool exhibition): Wouter
Fransman, Susan Dekkers, Lisa Pizzol,
Massimo Perucca, Philip Doganis, Isabel
Rodriguez, Carlos Fito
Wrap-up & Round table on “What is
SSbD & how to implement it in real life”
- What do DSS for SSbD deliver & how
to implement them in real life?
Panel: Soco Vazquez, Andres Falk, Sean
Kelly & all DSS speed dating presenters
Coffee Break
Training on Adverse Outcome Pathways
(AOPs) of NMs
- Identification & structure of AOPs
- How to create your own AOP &
what formalities do you have to
know to submit it?
Trainers: Sarah Poulsen & Ulla Vogel
Training (NanoHarmony): From science
to standards and guidelines: Making
your science regulatory relevant
- How to establish OECD TGs & GDs?
- How to develop new science for use
in regulation?
Trainers: Sean Kelly, Erik Bleeker,
Tommaso Serchi, Anna Pohl
Online support: Thomas Kuhlbusch
Lunch

EU-US CoRs activities (SUITE A and SUITE C)
NInChI hands-on 1

Plenary: NanoEHS CORs Report Out from Breakout 1 (SUITE A)

CoRs Plenary Keynote: Two decades of nanoEHS research: Moving forward – George
Katalagarianakis and Mark Wiesner (SUITE A)

Breakout Session II (SUITE A)
Nanoplastics characterization, detection,
and informatics: Lessons from nanoEHS (1)
(Session chairs: Vladimir Lobaskin and Anil
Patri)

Breakout Session II (SUITE C)
Exposure to aerosolized nanoscale particles
(Session chairs: Christof Asbach and Paul
Westerhoff; Arno Gutleb)
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14.30 – 16.00

Training: Selecting and applying
nanotoxicity hypotheses - NMs
grouping in practice
- The grouping framework
- Case studies on different NMs
interactively played through
Trainers: Helinor Johnston, Mario Pink
Online support: Fiona Murphy, Andrea
Haase & Vicki Stone

16.00 - 16.30
16.30 – 18.00

Coffee Break
Training: Integrating nano-related data: Closing Plenary (SUITE A)
Linking SOPs via instance maps to
· COR Report Out and Discussion
electronic data management systems
· Final Remarks
Trainers: Thomas Exner, Benjamin Punz,
Katie Reilly, Litty Johnson, Jaleesia
Amos, Nathan Bossa, Martin Himly
Dinner in the mountains with musical performance

18.30 – 22.30

Breakout Session III (SUITE A)
Nanoplastics characterization, detection,
and informatics: Lessons from nanoEHS (2)
(Session chairs: Vladimir Lobaskin and Anil
Patri)

Breakout Session III (SUITE C)
Nano Risk Management & Control: Recent
develops from nanosafety to inform policy
decisions
(Session chairs: Ulla Vogel (in person) and
Khara Grieger – Virtually)
Virtual presentations from:
Alba Graciela Avila Bernal (Columbia):
Community engagement in Nanosafety using
an App
Paul Schulte (NIOSH): US perspective on
regulation of nanomaterials
Maaike Visser/Susan Dekkers (RIVM): Towards
health-based nano reference values

Friday 24th June
09.00 – 11.00
11.00 - 11.30
11.30 – 13.00
13.00 -14.00
14.00 – 16.00
16.00 – 16.30
16.30 – late

NInChI hands-on 2
Project GAs (in parallel)
Coffee Break
Project GAs (in parallel)
Lunch
Project GAs (in parallel)
Coffee Break
Optional sightseeing trip and dinner (self-funded)
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List of Poster presentations
Posters 1-36 are listed under the Poster pitches
NanoHarmony Test Guideline Series
37
The EU project NanoHarmony – Towards harmonized test methods for nanomaterials. Elisabeth Heunisch (Federal Institute for Occupational Safety and Health,
BAuA)
38

From science to standards and guidelines: Making your science regulatory relevant. Eric Bleeker (National Institute for Public Health and the Environment, RIVM)

39

NanoHarmony: Improving the OECD Test Guidelines Process. Eric Bleeker (National Institute for Public Health and the Environment)

40

Towards a Guidance Document for identification and quantification of the surface chemistry and coatings on nano- and microscale materials Jakob Klenø Nøjgaard
(National Research Center for the Working Environment)

41

On the road towards a Guidance Document for determination of the solubility and dissolution rates of nanomaterials in water and biologically relevant media. Keld
Alstrup Jensen (National Research Centre for the Working Environment)

42

Development of an OECD Test Guideline for the dustiness testing of manufactured nanomaterials. Anna Pohl (Federal Institute for Occupational Safety and Health,
(BAuA)

43

Development of two OECD Guidance Documents for nanomaterials dustiness data applicability: exposure assessment and ATEX safety. Carla Ribalta (National
Research Centre for the Working Environment, NRCWE)

44

Development of a Guidance Document for testing the abiotic transformation of Nanomaterials in Environmental Media. Lucie Stetten (University of Vienna)

45

Development of a new Guidance Document on the determination of concentrations of nanoparticles in biological samples for (eco)toxicity studies – A systematic
review of single particle ICP-MS. Adam Laycock (UK Health Security Agency)

46

Applicability of the key event based OECD TG 442D for in vitro skin sensitization testing of nanomaterials. Christian Kropf (Federal Office of Public Health FOPH)

47

Nanomaterial Toxicokinetics: Supporting OECD Test Guideline Development. Ilse Gosens (National Institute for Public Health and the Environment, RIVM)

48

Integrated In Vitro Approach for Intestinal Fate of Orally Ingested Nanomaterials. Cristina Andreoli (ISTITUTO SUPERIORE DI SANITA)

49

Scientific basis for adapting technical guidelines for nanomaterials testing: the case of the OECD Test Guidelines with algae, daphnia and fish. Susana Loureiro
(University of Aveiro)

50

Gov4Nano Task 2.8 Studies on bioaccumulation of nanomaterials in fish. Judit Kalman (National Institute for Agricultural and Food Research and Technology)

51

Scoping Review on the Scientific Basis for New Guidance on the Determination of Bioaccumulation Potential of Manufactured Nanomaterials. Richard. D. Handy
(University of Plymouth)
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Track 1 Posters – Hazard, Exposure and SSbD
52

Production and Characterisation of Ni/SiC nanocomposite coatings through a novel U/S assisted Electroplasting cell. Evangelos Papaioannou (Creative Nano PC)

53

Developing Photocatalytic Titanium Dioxide Nanocomposite Coatings. Sophie M. Briffa (University of Malta)

54

Dustiness index determination: a tool for a safer by design development of advanced nanomaterials. Sebastien Artous (Univ. Grenoble Alpes, CEA)

55

Development of a Safer-by-Design Nano-Structured Tungsten Carbide-Cobalt (nWC-Co) Wear-Resistant Coating. Joséphine Steck (Univ. Grenoble Alpes, CEA)

56

Development of a Guidance Document for testing the abiotic transformation of Nanomaterials in Environmental Media. Lucie Stetten (University of Vienna)

57

Optimizing the immunologic profile of silica nanoparticles by surface functionalization while retaining its biopharmaceutical carrier function; Implementing instance
maps and SOPs for nanomedical innovation. Benjamin Punz (Paris Lodron University of Salzburg)

58

Restoration of Antibacterial Activity of Inactive Antibiotics via Combined Treatment with Silver Based Antibacterial Nanomaterials at Non-Toxic Concentrations to
Human Cells. Ales Panacek (Palacký University in Olomouc)

59

Antimicrobial textiles effective against SARS-CoV-2 functionalized by silver nanoparticles in PVA. Claudia Vineis (National Research Council of Italy)

60

Novel Connective Tissue Growth Factor (CTGF)-loaded Alginate and Alginate Sulfate/Polycaprolactone Nanoparticles with Promising Wound Healing Activity. Mia
Karam (American University of Beirut)

61

An approach towards in vitro-based human toxicity effect factors for the Life Cycle Impact Assessment of inhaled low-solubility particles. Daina Romeo (Empa, Swiss
Federal Laboratories for Materials Science and Technology)

62

Effects of polystyrene micro- and nanoparticles and their mixtures with pharmaceuticals on modulation of estrogen receptor activity in vitro. Lucija Božičević
(Institute for Medical Research and Occupational Health)

63

Blood brain barrier permeability of selenium nanoparticles. Nikolina Peranić (Institute for Medical Research and Occupational Health)

64

Neurotoxicity of nanomaterials are associated with their biotransformation. Zhiling Guo (University of Birmingham)

65

Towards simple, robust, and cost-effective in vitro models for the hazard assessment of nanomaterials. Alberto Katsumiti (GAIKER Technology Centre)

66

Aquatic Toxicity Testing and Assessment of Acute Toxicity of Graphene Material Nanoforms to Meet Regulatory Needs. Mona Connolly (Instituto Nacional de
sUstainable Investigación y Tecnología Agraria y Alimentaria-Consejo Superior de Investigaciones Científicas, INIC-CIC)

67

Next Generation of Microfluidics for a safe and sustainable diagnostics devices. Clemens Wolf (BioNanoNet Forschungsgesellschaft mbH)

68

Impedance-based real-time assessment of nanotoxicity in human and fish cells. Håkon Van Ta (University of Bergen)

69

Monitoring nanoparticle-induced oxidative stress using cyclic voltammetry and fluorescence-based assays. Ivan Rios-Mondragon (University of Bergen)

70

Development of vascular models to study the transport and effect of nanomaterials. Ivan Rios-Mondragón (University of Bergen)

71

Assessment of nanoparticle-induced oxidative stress using cyclic voltammetry and the convolution technique. Emil Cimpan (Western Norway University of Applied
Sciences)
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72

Assessing the mechanisms associated with the potential genotoxic effects of industrially-relevant multi-component nanomaterials: A comprehensive literature
review and in vitro lung cell interactions. Sian R. Brooks (Swansea University)

73

Use of lung deposition modelling and dissolution behavior to assist on the selection of nanomaterial testing concentrations for in vitro assays. Ana Candalija (LEITAT
Technological Center)

74

The Cytotoxic and Genotoxic effects of Carbon Nanotubes on Human Cells In Vitro. Hanna Saarelainen (Finnish Institute of Occupational Health)

75

Are silver nanoparticles internalized in dulse (Palmaria palmata) tissues and cells? How far do they go? Monica Quarato (International Iberian Nanotechnology
Laboratory-INL)

76

Course of lung inflammation and injury caused by nanoparticle inhalation depends on material specific cellular perturbation patterns. Carola Voss / Tobias Stoeger
(Helmholtz Zentrum München)

77

A highly innovative approach to the Safe by Design paradigm: The SABYDOMA story. Andrew Nelson (University of Leeds)

78

Bispyridinium compound screening using phospholipid target sensor elements. Andrew Nelson (University of Leeds)

79

Aminoquinoline binding to fluid lipid assemblies depends on NH2-position on quinoline molecule. Andrew Nelson (University of Leeds)

80

Improving usability of the existing resources for Safe-by-Design processes. Joséphine Steck (Univ. Grenoble Alpes, CEA)

81

Safe-, sUstainable- and Recyclable-by design Polymeric systems: A guidance towardS next generation of plasticS (SURPASS). Simon Clavaguera (Univ. Grenoble
Alpes, CEA)

82

SusNanoFab: Integrated EU strategy, services and international coordination activities for the promotion of competitive and sustainable nanofabrication industry.
Simon Clavaguera (Univ. Grenoble Alpes, CEA)

83

Conceptual design of the HARMLESS Decision Support System. Eugene van Someren (TNO)

84

Safe-and-Sustainable-by-Design: the HARMLESS framework. Véronique Adam (TEMAS Solutions GmbH)

85

The safe and sustainability assessment integration for innovative nanomaterials. Jesús Ibáñez (ICCRAM – Universidad de Burgos)

86

Sustainability and cost considerations for Safe by Design (SbD) for the additive manufacturing sector. James Hanlon (Institute of Occupational Medicine, IOM)

87

Safety testing in the life cycle of nanotechnology-enabled medical technologies for health (SAFE-N-MEDTECH). Shan Zienolddiny-Narui (National Institute of
Occupational Health)

88

Risk Governance of Nanomaterials. Mark Morrison (Optimat)

89

Organising for the Governance of Nanotechnology-related Risk. Marie-Valentine Florin (EPFL)

90

Tool verification processes within the development of the NANORIGO Nanogovernance framework. Gerard Vales (FIOH)

91

Nanotechnology Risk Governance Framework (NRGF) – adaptation of the IRGC approach. Arto Säämänen (Finnish Institute of Occupational Health)

92

CUSP - The European Research Cluster to Understand the Health ImpactS of Micro- and NanoPlastics. Lesley Tobin (Optimat Ltd.)
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93

PlasticsFatE: Plastics Fate and Effects in the Human Body. Lesley Tobin (Optimat Ltd.)
Track 2 posters: Nanoinformatics and Data

94

Hydrophobicity and protein-protein interactions in nanoparticle coronas. Vigneshwari K. Annapoorani (University College Dublin)

95

Ab-Initio and classical molecular dynamics modeling of bio-nano interface. Alexander Lyubartsev (Stockholm University)

96

Multiscale modelling of protein adsorption and competitive binding onto PEG-grafted gold and silver nanoparticles. Julia Subbotina (University College Dublin)

97

Variation in hydrophobicity for protein-nano complexes. Sutapa Dutta (University College Dublin)

98

Molecular Dynamics and Metadynamics Simulations of Protein in Aqueous Solution. Vangelis Harmandaris (Computation-based Science and Technology Research
Center)

99

Shifting classical QSAR/QSPR paradigm for nanomaterials through predicting system-dependent properties from the system characteristics - Case studies. Ewelina
Wyrzykowska (QSAR Lab Ltd.)

100

Application of machine learning modeling for prediction zeta potential of metal oxide nanoparticles. Mateusz Balicki (QSAR Lab Ltd.)

101

Subgraph NanoFingerprint for modelling metal oxide nanoparticles based on connected atoms exploration. Francesc Serratosa (Universitat Rovira i Virgili)

102

Interactions of graphene oxide and tannic acid: impacts on toxicity and computational modelling. Romana Petry (Federal University of ABC)

103

Could solubility of nano metal oxides be computed in silico? Michał Kałapus (University of Gdansk)

104

New descriptor to quantify the number, nature and specific reactivity (Oxidative Turnover Frequency) of surface reactive sites for nanomaterials evaluation,
grouping and dose metrics. Miguel A. Bañares (Insituto de Catalisis y Petroleoquimica)

105

The DaNa4.0 web-based Knowledge Base Materials – 13 years of reliable risk communication on (nano)materials safety. Katja Nau (Karlsruhe Institute of
Technology)

106

Using AOP-Wiki to support the ecotoxicological risk assessment of nanomaterials. Anita Sosnowska (QSAR Lab Ltd.)

107

In vitro to in vivo extrapolation to support the development of the next generation risk assessment (NGRA) strategy for nanomaterials. Karolina Jagiello (QSAR Lab
Ltd.)

108

Grouping and read-across in an regulatory-wise case studies to predict nanomaterials ecotoxicity. Maciej Gromelski (QSAR Lab Ltd.)

109

Αn in silico integrated approach for testing and assessment of Nanomaterials by NanoSolveIT project. Nikolaos Cheimarios (NovaMechanics Ltd.)

110

An in vitro dosimetry application for the numerical transport modelling of engineered nanomaterials. Nikolaos Cheimarios (NovaMechanics Ltd.)

111

Data-driven or data-informed learning approach for predictive modelling? Towards novel numerical algorithms to support grouping and read-across of
nanomaterials and advanced materials. Agnieszka Gajewicz-Skretna (University of Gdansk)
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112

AOP fingerprint of the mechanism of action of MWCNTs. Laura Aliisa Saarimäki (Tampere University)

113

Nanomaterials as stressor in healthy and susceptible populations with pre-existing conditions: AOP supra-networks and the demand for a tiered approach of
advanced immunotoxicity assay cascades. Norbert Hofstätter (Paris Lodron University of Salzburg)

114

Characterization of ENM dynamic dose-dependent MOA in lung with respect to immune cells infiltration. Angela Serra (Tampere University)

115

Data Management for Nanotechnology Risk Governance. Martine Bakker (RIVM)

116

FAIR co-creation or FAIR herding? eNanoMapper database, tools and workflows. Nina Jeliazkova (Ideaconsult Ltd.)

117

Evaluating data quality and completeness. Thomas Exner (Seven Past Nine)

118

ESPERANTO: a GLP-fied sEmi-SuPERvised toxicogenomics Meta-analysis of Bioaccumulation Data for Non-Dissolvable curatioN Tool. Emanuele Di Lieto
(University of Helsinki)

119

A wisdom-of-crowd approach for ENMs safety concern prediction. Michele Fratello (Tampere University)

120

Isalos Analytics Platform: A Machine Learning/Artificial Intelligence Zero Code Solution for nanoinformatics model development. Dimitra-Danai Varsou
(NovaMechanics Ltd.)

121

Enalos Cloud Platform: An integrated in silico toolset of innovative chem- bio- & nano- informatics models and services. Dimitra-Danai Varsou (NovaMechanics Ltd.)
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Conference Sponsors

The main sponsor of the conference was the H2020 NanoCommons Research
Infrastructure project, www.nanocommons.eu, which received funding from the
EU under grant agreement No.
The co-organising H2020 projects (listed alphabetically) each made a financial contribution to the costs of
nanoweek, which is gratefully acknowledged here:
ASINA – https://www.asina-project.eu/ - Grant Agreement No. 862444
CompSafeNano - http://compsafenano.eu/ - Grant Agreement No. 101008099
DIAGONAL - https://www.diagonalproject.eu/ Grant Agreement No. 953152
Gov4Nano - https://www.gov4nano.eu/ - Grant Agreement No. 814401
HARMLESS - https://www.harmless-project.eu/ - Grant Agreement No. 953183
NanoFabNet - https://nanofabnet.eu/ - Grant Agreement No. 886171
NanoHarmony - https://nanoharmony.eu/ - Grant Agreement No. 885931
NanoInformaTIX - https://www.nanoinformatix.eu/ - Grant Agreement No. 814426
NanoPAT - https://pat4nano.com/ - Grant Agreement No. 862413
NanoRIGO - https://nanorigo.eu/ - Grant Agreement No. 814530
NanoSolveIT - https://nanosolveit.eu/ - Grant Agreement No. 814572
RiskGONE - https://riskgone.eu/2020/ - Grant Agreement No. 814425
SabyNA - https://www.sabyna.eu/ - Grant Agreement No. 862419
SABYDOMA - https://www.sabydoma.eu/ - Grant Agreement No. 862296
SbD4Nano - https://www.sbd4nano.eu/ - Grant Agreement No. 862195
SUNSHINE - https://www.h2020sunshine.eu/ - Grant Agreement No. 952924
SUSNANOFAB - https://susnanofab.eu/ - Grant Agreement No. 882506
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Conference Proceedings and Special Issue

We received several requests to publish the abstracts and have then searchable and indexed in Google
Scholar. To support the Open Access goals, the conference abstracts, and if of interest to participants also
the posters, will be published Open Access with a DOI to be full searchable.
The conference organisers will submit the abstracts as a set, and authors are invited to submit bibliographic
information to accompany their abstract (and poster). The following additional information is requested (per
co-author):
1. Authors’ full names followed by current positions;
2. Education background including institution information and year of graduation (type and level of
degree received);
3. Work experience;
4. Current and previous research interests;
5. Memberships of professional societies and awards received.
Please email this information to nanoweek2022@novamechanics.com by 30th June 2022, and it will be
integrated into your abstracts.

Full papers related to the conference presentations can be submitted to a special issue in the Open Access
journal International Journal of Molecular Sciences (IJMS) being organised from the NanoWeek and
NanoCommons Final Conference also:
Title: State of the art molecular and informatics approaches for nanoscale and advanced materials safety
and sustainability assessment and optimisation
Submission deadline: 31st January 2023
Guest Editors: Iseult Lynch, Georgia Melagraki, Anna Costa, Damjana Drobe, Danail Hristov and Antreas
Afantitis. Read more about the special issue here:
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Keynote presentation abstracts
Keynote 1: Dr. Fredrick Klaessig (Pennsylvania Bio Nano Systems)
Monday 20th June 2022, 2.30 PM

“Some open questions in understanding and predicting nanomaterial dissolution”
The presentation builds on the Dissolution Pilot Project found in the EU-US Roadmap
Nanoinformatics 2030 with a focus on physiological conditions. An overview is given
that matches the physical chemistry considerations of dissolution test technique & data
interpretation to the toxicologist’s use of that information. These considerations are
applied to recent literature on NM-200 (silica) and NM-220 (BaSO4). One observation is
that these benchmark materials dissolve initially by zero order kinetics, not first order as the authors conclude. A
second observation is that current interpretations of dissolution in nanoEHS do not incorporate the concept of undersaturation, as occurs in the geochemistry community, and which describes the thermodynamic driving force
underlying dissolution mechanisms.

Keynote 2: Prof. Susana Loureiro (University of Aveiro)
Monday 20th June 2022, 18.00PM

“Increasing the realism and regulatory relevance of nanomaterials safety research – the role of mesocosms”
The prediction of Environmental Risks deals with uncertainty constraints that come from
the exposure and hazard assessments. Single species tests are often used to derive
chemical substances related hazards, but they lack realism, as individuals are exposed
under optimal conditions, considering food or temperature, with no competition from
other species nor risk of predation, parasitism or other factors that reduce their fitness.
Safety factors try to address this uncertainty, but again with some uncertainty
associated. Mesocosms act as a more complex tier level in hazard assessment, where
organisms are kept in more relevant environmental conditions, as they share the same
habitat with other congeners or individuals that belong to different levels of a certain
trophic chain.
Nanomaterials hazard assessment has evolved throughout the years, bringing
challenges that help to unveil questions related to exposure and effects at the individual level, moving through fate in
the environment, and providing more realism in exposure scenarios. In this keynote, some examples of mesocosm
approaches for both soil and freshwater will be presented, whose strategy was defined considering the specificities of
nanomaterials. These studies focused on Ag2S NPs and their potential to bioaccumulate in organisms and distribute
along the environmental compartment. Understanding how NPs distribute in time within a soil column with
invertebrates and plants, or within an artificial river, from mesocosm studies versus single species studies is also
presented.
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Keynote 3: Cecilia Mattevi (Imperial College London)
Tuesday 21st June 2022, 9 AM

“Synthesis of 2D materials and their three-dimensional structuring into miniaturized devices for application as
energy storage devices and energy conversion systems”
We investigate the precise synthesis of 2D materials and their assembly into
three-dimensional functional devices for energy storage and energy conversion
systems.
The precise synthesis enables critical level of control through the crystal structure
and doping, so that we can go beyond chemical composition of 2D materials.
In this talk, I will present our recent work in these directions and assess aspects of
materials and processes sustainability.
Short Bio: Dr.Cecilia Mattevi is a Reader and Royal Society University Research
Fellow in the Department of Materials at Imperial College London. Dr Cecilia Mattevi received her Laurea degree in
Materials Science and a PhD in Materials Science from the University of Padua. After a postdoctoral appointment at
Rutgers University, Cecilia joined the Materials Department at Imperial College London, becoming a Junior Research
Fellow in 2010. Cecilia is a Fellow of the Royal Society of Chemistry and her research interest focuses on the precise
synthesis of 2D materials and their three-dimensional structuring in the form of miniaturized devices to address
pressing challenges in energy storage, energy conversion and nanoelectronics.

Keynote 4: Phil Demokratou (Harvard University)
Wednesday 22nd June 2022, 8.20 AM

“Sustainable Nanotechnology: Bio-inspired, nature derived and non-toxic nanomaterials for agri-food systems
applications“
The rapid expansion of nanotechnology is a powerful scientific and economic force.
However, how we balance the potential benefits of advanced nanomaterials with
the potential environmental health and safety (EHS) hazards from such emerging
and often inadequately characterized materials and products remains a challenge.
Sustainable nanotechnology is an emerging field of interdisciplinary research that
focuses on the development of “green” and non toxic nanomaterials and
technologies that can be used to tackle major societal challenges in various fields
and applications.
This seminar will present highlights from current sustainable nanotechnology research projects in the agriculture and
food domain. Projects include 1) the development of green, nano-carrier platforms for targeted precision delivery of
nature-derived antimicrobials for food safety applications using engineered water nanostructures (EWNS); 2)
development of non-toxic, nano-modulating platforms to engineer interfacial processes in the gut to reduce
absorption of unwanted substances using natured-derived biopolymers; and 3) Development of biodegradable
biopolymer based materials and technologies for food packaging and agrichemical delivery. (Note: The research was
funded by the US National Institutes of Health [NIH] and United States Department of Agriculture [USDA]) and the
NTU/Singapore-Harvard SusNano Initiative.)
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Keynote 5: Dr. Matthew Hull (Virginia Tech)
Wednesday 22nd June 2022, 11 AM

“From NanoSafety to Sustainable Nano-enabled Innovation Ecosystems: a 20 Year Journey”
The past 20 years have seen a remarkable evolution in our understanding of
nanoscale materials, their interactions with biological and environmental
systems, and our ability to work with them safely and responsibly. We’ve kept
watch, cautiously, as nano-enabled innovations slowly transformed from lab
novelties into industrial-scale ventures. We’ve endured a pandemic and used
our signature nanoscale tools and knowledge to combat a real-life nano threat
along-side frontline workers and healthcare professionals. Now, we look
ahead to what comes next. While many basic nanosafety questions will linger
and entirely new ones will emerge around next generation nanosystems, a
generation of nanoscientists and a robust infrastructure that did not exist prior
to this millennium is now prepared to confront them. While we remain vigilant
against the ever-present risks of emerging and converging technologies, we have an opportunity to apply the
knowledge we’ve gained to explore the responsible application of nano-enabled innovations to solve some of
humankind’s greatest challenges – from hunger to climate change, to resource scarcity and beyond. But the path from
ground-breaking discovery to a commercially viable enterprise can be a treacherous one that surprisingly few are
willing to take. Who can translate these sophisticated laboratory marvels into practical solutions that benefit all
segments of our society? Who are the dreamers and responsible innovators who can cross the “Valley of Death” and
deliver on the technological promise of our sustainable nano-enabled future? More importantly, what will we do to
support them? The speaker will reflect on a 20-year journey to launch a nanosafety start-up, share lessons learned
along the way, and highlight resources available to help a new generation of nano-savvy innovators and entrepreneurs
translate their discoveries into solutions for humanity.
Short Bio –Matthew Hull serves as Associate Director for Innovation and Entrepreneurship for the NSF-funded US
National Nanotechnology Coordinated Infrastructure (NNCI) and National Center for Earth and Environmental
Nanotechnology (NanoEarth). He also serves as Research Professor and Associate Director for the Virginia Tech
Nanoscale Characterization and Fabrication Laboratory (NCFL) managed by the Institute for Critical Technology and
Applied Science (ICTAS). He received his Ph.D. in Civil and Environmental Engineering from Virginia Tech in 2011 and
an M.S. in Biology from Virginia Tech in 2002. He received his B.S. In Environmental Science from Ferrum College in
2000. Hull is also President and Owner of NanoSafe, Inc., a provider of nanotechnology human and environmental
health and safety (EHS) services and nano-enabled sustainability solutions he founded in 2007.
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Oral Presentations - Monday 20th June 2022
NanoCommons Transnational Access projects Showcase
A brief introduction to the Transnational Access concept
Iseult Lynch
University of Birmingham

Image analysis applied to complex and agglomerated NMs
Konstantinos Giannakopoulos
Demokritos, Athens, Greece (virtual)
We will present the results of the TAs that was offered to Demokritos NCSR by NanoCommons on Image analysis of
nanoparticle TEM images, including heavily agglomerated and aggregated systems, and discuss the integration of
automated image analysis into microscopy workflows.

Building the Brazilian infrastructure for nanosafety data management
Diego Martinez
Brazilian Nanotechnology National Laboratory (LNNano) at the Brazilian Center for Research in Energy and Materials
(CNPEM)
Here we will present the main activities towards quality system implementation and data management for
nanomaterials and nanosafety at the Brazilian Nanotechnology National Laboratory (LNNano) at Brazilian Center for
Research in Energy and Materials (CNPEM) associated to the National System of Laboratories on Nanotechnologies
(Modernit project), building on the NanoCommons e-infrastructure (FAPESP-Birmingham project), and the National
Institute of Metrology, Standardization, and Industrial Quality (Certification of Nanoproducts project).

Integrating eNanoMapper and NanoCommons via APIs
Egon Willighagen
IDEAConnect TA with Maastricht University
A brief update on the Application Programming Interface developed to allow direct communication (push-pull
requests) and data exchange between eNanoMapper data warehouses and the NanoCommons KnowledgeBase,
including demonstration of some of the analysis that can be performed on the integrated datasets from the two
systems, which are fully semantically mapped and both are underpinned by the eNanoMapper Ontology.

Data management solutions for inline/online processes and sharing of on-demand expertise
Devendra Joshi & Marko Šimić
TEMAS Solutions and BRAVE (NanoPAT H2020 project)
We will present the status of the different TAs between NanoPAT and NanoCommons including upcoming activities.
Our collaboration involves support for (meta)data curation for optimisation of a production line & (meta)data
preparation and integration into NanoCommons Knowledge Base using the tools & expertise provided by
NanoCommons partners.

Integration of biokinetics models in the NanoCommons infrastructure through the Jaqpot
platform
Periklis Tsiros and Dingsheng Li prerecorded)
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NTUA and University of Nevada
In this talk we will briefly present the results of three TA projects relative to the development and the implementation
of PBPK models using the Jaqpot infrastructure. We will describe the genetic algorithm that was developed to optimally
group the model parameters in order to address the identifiability issue and we will present the tools we created in R
to transform an R based PBPK model into a user-friendly Jaqpot web service.

NanoCommons & NanoSolveIT KNIME nodes: Will they blend?

Antreas Afantitis
NovaMechanics Ltd.
To streamline and automate the data collection, processing and analysis required in modern nanoinformatics
workflows, we have developed the tools needed to facilitate and sequentially implement a variety of important tasks
to construct workflows that will simplify the handling, processing and modelling of nanoinformatics data, and will
provide time- and cost-efficient solutions, that are reproducible and easier to maintain and sustain. We present a
toolbox containing several processing modules, the NanoCommons, NanoSolveIT (and soon RiskGONE) KNIME nodes,
that provide very useful operations within the KNIME platform for users interested in the informatics analysis of
nanomaterials data. With a user-friendly interface, NanoCommons and NanoSolveIT KNIME nodes provides a broad
range of important functionalities including data mining and retrieval from nanomaterials databases (NanoCommons
and NanoSolveIT Knowledge bases & nanoPharos database, as well as from UniChem) and tools for the assessment of
potential adverse effects of engineered nanomaterials on human health and the environment (e.g., image analysis
tools, exposure, hazard and risk assessment models, PBPK models and more). NanoCommons and NanoSolveIT KNIME
nodes provide a user-friendly graphical user interface and training documentation to support their implementation by
industry and regulators, without the need for extensive programming skills.

Fig. 1 NanoCommons KNIME nodes interacting with nodes developed by/for other nanosafety projects.
Funding information
This work was funded by the EU H2020 research and innovation projects NanoSolveIT (Grant Agreement No. 814572)
and the EU H2020 research infrastructure NanoCommons (Grant Agreement No. 731032).
All TA projects received support and expert guidance funded via the EU H2020 research infrastructure NanoCommons
(Grant Agreement No. 731032).
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Track 1: Hazard, Exposure and SSbD
Interaction of different types of carbon nanomaterials of industrial interest with human
primary macrophages from blood donors: nanotoxicology and immune activation
Álvaro Artiga, Hazel Lin, Lucas Jacquemin, Alberto Bianco
CNRS, Immunology, Immunopathology and Therapeutic Chemistry, UPR3572, University of Strasbourg,ISIS, 67000
Strasbourg, France
Background, Motivation and Objective
The use of graphene and carbon nanotubes for industrial applications has already been implemented in a widevariety
of industrial sectors thanks to their outstanding physicochemical properties. The employment of thesenanomaterials
as part of commercial products opens the door for the possibility of occupational exposure andconsumer exposure.
For this reason, obtaining adequate information about the health effects of these nanomaterials in appropriate
human models is of great importance. Macrophages, as one of the most importantcells involved in the mononuclear
phagocytic system (MPS), pose major importance in phagocytosis and immune activation against exogenous agents,
including nanomaterials. The main objective of this work consists of comparing the effect of different types of
commercial graphene and carbon nanotubes with different physicochemical properties in the nanotoxicology and
immune activation of human primary macrophages obtained from healthy human blood donors.
Statement of Contribution/Methods
Different types of graphene employed for textiles, graphene utilized for anticorrosive gas tank reinforcement and
carbon nanotubes for industrial floor coatings were provided by the three EU companies in the frameworkof the
DIAGONAL European project. Physicochemical characterization of the nanomaterials was performed by DLS, XPS and
STEM. Proper dispersion protocol for the nanomaterials was optimized and the phagocytosisof the nanomaterials was
evaluated by optical microscopy and TEM. LDH release assay was employed to evaluate membrane damage and CMH2DCFDA assay was utilized to assess reactive oxygen species (ROS) production. Cell activation was characterized by
flow cytometry and cytokine secretion was quantified by ELISA tests.
Results/Discussion
Different phagocytosis profiles were observed depending on the shape, size and surface chemical compositionof the
nanomaterials. Increase of LDH release in a concentration-dependent manner was observed. ROS werealso detected
provoked by some of the nanomaterials. The immune activation provoked by these nanomaterialsin the macrophages
was weak, with minimal changes in CD86 and CD206 expression and in pro-inflammatorycytokine secretion of IL-6, IL1β and TNF. Overall, the effect of these nanomaterials in human primary macrophages concerns cell stress rather than
immune activation, in the tested conditions.
Funding information
Authors would like to acknowledge DIAGONAL European project (grant agreement No 953152) for fundingresources.
Authors would also like to thank Graphene-XT, Creative Nano and OCSiAl as nanomaterial providers.
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Accounting for nanomaterials-related toxicity issues in the environmental Life Cycle
Assessment (LCA) studies – A R&D case study
Benjamine Belloncle, Olivier Talon
Materia Nova, Mons, Belgium,
Background, Motivation and Objective
Life Cycle Assessment (LCA) is a multistep and multicriteria method that enables the evaluation of environmental
impacts of a product system in a global perspective. Indeed, LCA encompasses all life cycle steps of the studied
system, from raw material extraction to end-of-life treatments (including production, transports, use phase, etc.),
and provides results for a series of environmental indicators, including climate change, but also resource depletion,
human health, eutrophication and many others. Two crucial steps of LCA are inventory analysis, where all flows
exchanged between the studied system and the environment are scrutinized and quantified, and impact calculation,
where those flows are converted into environmental impacts through calculation methods using characterization
factors.
Accounting for nanomaterials-related potential toxicity issues is still a two-fold challenge for LCA practitioners. The
first challenge is linked to the life cycle inventory step. There is indeed a lack of relevant datasets in the available
background databases used in LCA, that would properly describe the production of the nanomaterials to be used as
inputs of the studied system. The second challenge is linked to the impact calculation step. For accounting for the
effects of potential nanomaterials emissions during the life cycle, data about the amount and type of emitted
nanomaterials are obviously required, but the LCA practitioner needs also that characterization factors are provided
in the impact calculation methods for those emissions. To date,the calculation methods for toxicity indicators do not
include such characterization factors, though it is suspected that human health and ecotoxicity indicators could be
impacted by the release or the exposure to most of nanomaterials. In recent years, literature has increasingly grown
on nanomaterials production and LCA, and several authorsi,ii,iii,iv,v,vi attempted to provide characterization factors for
nanomaterials emissions. Those efforts have however not been mainstreamed yet and are not included in LCA
softwares.
In this contribution, we will explain the methodology and data gaps regarding nanomaterials and LCA, providea vision
of the state of the art of research to fill these gaps, and testify of the way this research can be used bya practitioner
in a LCA study.
Statement of Contribution/Methods
The results of the case study used as an illustration for this contribution were obtained with Simapro software,using
Ecoinvent as a background database and following the ISO 14040 and 14044 LCA standards.
Results/Discussion
In a R&D project aiming at developing active textiles for indoor depollution and air quality control,nanomaterials
(doped titanium dioxide particles) were used to provide the desired functionality. LCA was usedas a monitoring tool in
the project, to quantify the environmental (health) benefit provided by the solution, andto evaluate whether the
implementation of this solution could induce adverse environmental effects that may overcome the benefits. In this
context, accounting for potential emissions of nanomaterials and their effects was crucial.
Based on this case study, we highlight the importance of complementarity between all the nanomaterials actorsand
the fact that to perform a good LCA study, information from different fields is required. For example, theproducers
of nanomaterials can provide concrete datasets of its process to let the LCA practitioner estimate theeco-profile of its
products, nanosafety and risk assessment experts need to perform case-by-case study and to implement predictive
tools to give useful datas to estimate the characterization factors of the studied nanoparticle. Case-specific
characterization factors have to be determined, because the toxicity effects of nanomaterials, that may vary
depending on shape and surface, do not fit well with the basic arithmetic of LCAwhere a linear relationship is expected
between emitted mass and effect.
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Funding information
Acknowledgement to the European Union’s Horizon 2020 Research and innovation programme for the funding of the
NANOFABNET project (grant agreement No. 886171) which has the purpose to develop sustainable nanofabrication.
Illustration case study is based on the results of the Interreg FWVL TEXACOV project, with the support of ERDF.

i . Walser T., Demou E., Lang D. J., Hellweg S., Prospective environmental life cycle assessment of nanosilverT-shirts,
2011, Environmental science & technology, 45(10), 4570.
ii . Hischier R., Nowack B., Gottschalk F., Hincapie I., Steinfeldt M. Som C., Life cycle assessment of façadecoating
systems containing manufactured nanomaterials, 2015, Journal of Nanoparticle Research, 17(2), 1.
iii . Tsang M. P., Li D., Garner K. L., Keller A. A., Suh S., Sonnemann G. W., Modeling human health characterization
factors for indoor nanomaterial emissions in life cycle assessment: a case-study of titanium dioxide, 2017,
Environmental Science: Nano, 4(8), 1705.
iv . Buist H. E., Hischier R., Westerhout J., Brouwer D. H., Derivation of health effect factors for nanoparticlesto be
used in LCIA, 2017, NanoImpact, 7, 41.
v . Ettrup K., Kounina A., Hansen S. F., Meesters J. A., Vea E. B., Laurent A., Development of comparative toxicity
potentials of TiO2 nanoparticles for use in life cycle assessment, 2017, Environmental science & technology, 51(7),
4027.
vi . Salieri B., Turner D. A., Nowack, B., Hischier, R., Life cycle assessment of manufactured nanomaterials:where are
we?, 2018, NanoImpact, 10, 108.
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Label-free Impedance-based Methods for Nanotoxicity Assessment
Ivan Rios-Mondragon1, Håkon van Ta1, Ole-Bendik Hofshagen1, Medhusja Sritharan Nalliah1, EmilCimpan2,
Liv Søfteland3, Iseult Lynch4, and Mihaela R. Cimpan1
1
Dept. of Clinical Dentistry, University of Bergen, Bergen, Norway
2
Western Norway University of Applied Sciences, Bergen, Norway
3
Institute of Marine Research, Bergen, Norway
4
School of Geography, Earth and Environmental Sciences, Univ. of Birmingham, UK
The development of reliable methods for nanotoxicity testing is critical for the assessment of nanomaterials’ (NMs)
impact on human and environmental health. Nanomaterials have been shown to interfere withtraditional reagent-,
colorimetric and fluorescence- based in vitro assays. To address this issue, we have developed label-free impedancebased methods that are less prone to such interferences [1, 2]. Moreover, suchmethods are less invasive, time- and
cost- efficient, and environmentally friendly. We hereby presentimpedance-based methods for monitoring adherent
cells in real-time under static and dynamic exposure conditions, as well as microfluidic impedance flow cytometry for
investigating single-cells. We have established a flexible and versatile multi-channel microfluidic device with
integrated microelectrode arrays tailor-suited for the biological system to be investigated, which delivers wellcontrolled NM dispersions underin vivo relevant flow conditions. The cytotoxicity of selected NMs with different
physico-chemical characteristics (TiO2, ZnO, Ag, CeO2, CuO, MWCNTs, and tungsten carbide) was assessed on
rainbow-trout gut cells, zebra fish embryo cells, human epithelial lung cancer (A549) cells, and human monoblastoid
(U937) cells. Their effects on permeability was tested on human umbilical vein endothelial cells and a
microvasculature model. The oxidative stress was evaluated by cyclic voltammetry.
The impedance-based methods and cyclic voltammetry emerge as a reliable and robust alternative to traditional
toxicity assays by overcoming the critical drawback of interferences caused by NMs
Funding information
This work was supported by the Research Council of Norway project NanoBioReal (288768), the H2020 project
RiskGone (grant agreement 814425), and UH-Nett vest).
[1]
[2]

M Ostermann et al., Scientific Reports 2020, 10, article no. 142.
M Ruzycka et al., J of Nanobiotechnology 2019, 17:71
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Much ado about silica: surface modification mitigates silica nanoparticle-triggered
cytotoxicity and pro-inflammatory cytokine release in human monocytes
Govind Gupta1, Michael Persson2, Per Malmberg2, Gulaim Seisenbaeva3, Vadim Kessler3, and Bengt Fadeel1
1
Division of Molecular Toxicology, Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden;
2
Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Göteborg, Sweden;
3
Department of Molecular Sciences, Swedish University of Agricultural Sciences, Uppsala, Sweden.
Background
Silica nanoparticles (SNPs) are widely studied yet the physical and chemical parameters that determine their
cytotoxicity remain poorly understood. Moreover, the mechanism of cell death has not been clarified nor is it known
whether SNP-induced cell death and pro-inflammatory cytokine release is coordinately or separately regulated.
Previous studies have demonstrated a processing pathway-dependent toxicity (Zhang et al. J Am Chem Soc. 2012), and
we found that certain SNPs caused cell death with glutathione (GSH) depletion and concomitant lipid peroxidation (Shi
et al. ACS-Nano. 2012). Moreover, macrophages were shown to be particularly susceptible to SNPs while serum was
found to mitigate this effect (Panas et al., Nanotoxicology. 2013).
Materials and Methods
Colloidal suspensions of SNPs of different particle sizes and with varying surface properties (Na-stabilized, aluminized,
and silane-modified) were provided by Nouryon (formerly AkzoNobel). The human THP-1 cell line (non-differentiated)
was used as a model of human monocytes. The cells were maintained in medium supplemented with 10% fetal bovine
serum (FBS). These cells have been extensively used for cytotoxicity screening and cytokine profiling studies in previous
projects including FP7-NANOREG and FP7-NANOSOLUTIONS. Label-free detection of the cellular uptake of SNPs was
documented using nanoscale secondary ion mass spectrometry (nanoSIMS) and transmission electron microscopy
(TEM), and time-of-flight secondary ion mass spectrometry (ToF-SIMS) was applied to identify specific changes in
membrane lipids in SNP-exposed cells. Cell death and cytokine release was determined using standard methods and
THP-1 cells with knockdown of NLRP3 expression were used to ascertain the role of inflammasome-dependent release
of IL-1β.
Results and Discussion
We observed that the Na-stabilized and to a lesser extent the Al-doped SNPs elicited canonical, caspase-dependent
inflammasome activation in human monocytes whereas cell death transpired through a non-apoptotic, lipid
peroxidation-dependent mechanism which we refer to as lipoptosis. Using ToF-SIMS, we identified specific changes in
membrane lipids including phosphatidylcholine (PC). The silane-modified SNPs, on the other hand, did not trigger lipid
peroxidation or cell death, and did not induce any IL-1β release in the present model. We surmised that the absence
of cellular effects could be explained by the fact that the surfaces of these SNPs were not available for interactions
with membrane lipids due to the steric hindrance afforded by the glycerol-propyl tails. These results point towards a
safe-by-design approach in that the purposeful modification of the SNPs enhanced their performance (colloidal
stability) while the cytotoxicity was abolished.
Funding information
This work was supported by the Swedish Foundation for Strategic Environmental Research (MISTRA). ToF-SIMS and
nanoSIMS was performed at the imaging mass spectrometry platform hosted by the University of Gothenburg and
Chalmers University of Technology, supported by the Knut & Alice Wallenberg Foundation.
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Biotransformation Modulates the Penetration of Metallic Nanomaterials across the Blood
Brain Barrier
Zhiling Guo1, Iseult Lynch1
1
School of Geography, Earth and Environmental Sciences, University of Birmingham, Edgbaston, B15 2TT, UK
Background, Motivation and Objective
Although brain is protected by a tight physiological guardian named blood brain barrier (BBB), deposition of
engineered nanomaterials (ENMs) in brain and consequent neurotoxicity has been reported. To date, it is still unclear
whether and how ENMs enter the brain by crossing the BBB. Understanding the potential of ENMs to cross the BBB as
a function of their physicochemical properties and subsequent behavior, fate, and adverse effect beyond that point is
vital for evaluating the neurological effects arising from their unintentional entry into the brain, which is yet to be fully
explored. This is not only due to the complex nature of the brain but also the existing analytical limitations for
characterization and quantification of NMs in the complex brain environment.
Statement of Contribution/Methods
Herein, we conducted an interdisciplinary study by using a novel analytical workflow and in vitro BBB model, as a
complex biological barrier, to determine and quantify the biotransformation of metallic NMs as a function of their
physicochemical properties and correlate the influence of the biotransformation to the BBB-penetration ability and
transport pathways. To achieve this, a set of state-of-the-art analytical techniques, including single-particle inductively
coupled plasma mass spectrometry (spICP-MS), synchrotron radiation-based X-ray absorption fine structure
spectroscopy (XAFS), and high spatial resolution (20 nm) scanning transmission X-ray microscopy (STXM), and a series
of biological assays were applied.
Results/Discussion
We found metallic ENMs transform in the BBB as affected by their shape, size and intrinsic solubility, which in turn
modulates their transport form, efficiency and pathways through the BBB, and consequently their neurotoxicity. Very
little was transcytosed to the basolateral (brain) side of the BBB model, with significant amounts being recycled back
to the apical (bloodstream) side and limited retention in the BBB cells. Paracellular transport was only observed at the
higher concentration tested and was associated with membrane damage and NM dissolution (Figure 1). The generated
data about biotransformation modulated uptake and transport of NMs through BBB open a new horizon for medical
application of NMs, e.g. targetable drug delivery systems for brain diseases and also for biological fate assessment of
NMs in brain to support their risk assessment.
Funding information
This work was supported by the Horizon 2020 (H2020) Marie Skłodowska-Curie Individual Fellowships research
program (NanoBBB, Grant Agreement 798505, Z.G.; NanoLabels, Grant Agreement 750455, P.Z.). Additional support
from the H2020 European Union research infrastructure for nanosafety project NanoCommons (Grant Agreement
731032), for data management and the Horizon 2020 project ACEnano (Grant H2020-NMBP-2016-720952), and for
analytical support are acknowledged. This work was carried out with the support of Diamond Light Source instrument
STXM (beamline I08, proposal SP20567-2) and instrument core X-ray absorption spectroscopy (beamline B18, proposal
SP20204-2). We thank Giannantonio Cibin and Diego Gianolio at the B18 beamline for their support during XANES
experiments and Tohru Araki and Burkhard Kaulich at I08 beamline for their support during STXM experiments. Rachel
Smith from Public Health England is acknowledged for ea rly discussion of project design.
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Use of single particle ICP-MS to estimate silver nanoparticle penetration through baby
porcine mucosa
Ilaria Zanoni1,2, Matteo Crosera3, Elena Pavoni3, Gianpiero Adami3, Marcella Mauro4, Anna Luisa Costa1,Jamie R.
Lead5, Francesca Larese Filon4.
1
CNR-ISTEC-National Research Council of Italy, Institute of Science and Technology for Ceramics,Faenza, Italy.
2
Doctoral school in Nanotechnology, University of Trieste.
3
Department of Chemical and Pharmaceutical Sciences, University of Trieste, Trieste, Italy.
4
Clinical Unit of Occupational Medicine, Department of Medical and Surgical Sciences, University ofTrieste,
Trieste, Italy.
5
Center for Environmental Nanoscience and Risk (CENR), Department of Environmental Health Sciences,Arnold
School of Public Health, University of South Carolina, Columbia, SC 29208, USA
Background, Motivation and Objective
This work presents one of the first attempts to evaluate Ag NPs permeation and penetration through baby porcine
oral mucosa to predict the effect of potential oral absorption of Ag NPs in children. Children are potentially exposed
to products that contain nanoparticles. However, very few data are available regarding theability of silver nanoparticles
to penetrate through the oral mucosa in children. In the present work, we used baby porcine oral mucosa mounted on
Franz diffusion cells, as an in vitro model, to investigate the penetrationof Ag NPs through the oral mucosa during the
first 240 min of exposure.
Statement of Contribution/Methods Percutaneous
absorption studies were performed using static
diffusion cells following the Franz Method (1975) and
silver nanoparticles (Ag NPs) stabilized with
polyvinylpirrolidone suspension was supplied by
NanoAmor Materials Inc. (Houston,TX, USA). Due to its
morphological and enzymatic similarities with the
children’s mucosa, baby porcine oral mucosa was used
for the in-vitro experiments. We exposed Ag NPs
dispersed in physiological solution at a concentration
of 260 μg cm-2 (donor fluid 1) to oral mucosa, clamped
with a physiological solution, as receivingphase. In order to evaluate the contribute of free ions to the penetration
mechanism, we extracted them by ultrafiltration from donor fluid 1, and exposed also ions solution (donor fluid 2) to
oral mucosa. The Ag elemental analysis, performed both in the receptor fluid and in the exposed mucosa, allowed us
to evaluate silver translocation through oral mucosa and estimate the NPs and ionic fraction using SP-ICP-MS and
computational model Visual MINTEQ 3.1 (Visual Basic 2012).
Results/Discussion
The penetration results of baby porcine oral mucosa obtained comparing two donor fluids, the first containingAg NPs
dispersion and the second the ionic fraction as extracted from the first, suggested that only Ag NPs are able to cross
the mucosa and reaching the receptor fluid after 150 minutes of exposure, while Ag+ ions aremainly stopped by the
mucosa. The innovative use of SP-ICP-MS analysis for the estimation of silver contentin the receptor fluid allowed us
to estimate the small content of Ag NPs and Ag ions, not detectable with othertechnique that involved ultrafiltration
process, revealing that only Ag NPs were able to reach the receptor fluid.The computational model Visual MINTEQ 3.1
was applied in support to the SP-ICP-MS measurements, confirming the silver speciation in the receptor fluid. Due to
the similarity between human and pig oral mucosa, these findings would support the occurrence of a Trojan horse
mechanism, driving any potentially toxic effect, due to the exposure of oral mucosa to Ag NPs, especially in baby
individuals.
Funding information The research leading to these results has received funding from the EU H2020 PATROLS
(Physiologically Anchored Tools for Realistic nanOmateriaL hazard aSsessment) n° 760813 Project (NMBP-20162017) andthe Doctoral school in Nanotechnology of the University of Trieste.
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Track 2: Nanoinformatics and Data
Community infrastructure for nanosafety: the future of NanoCommons
Iseult Lynch1, Thomas Exner2, Beatriz Alfaro3, Dieter Mayer4, and the NanoCommons consortium. 1School of
Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham, UK,2Seven Past Nine,
Cerknica, Slovenia,
3
BNN, Graz, Austria
4
Biomax Informatics, Planegg, Germany
Background, Motivation and Objective
The NanoCommons project has developed the foundations for a sustainable and openly accessible data and
nanoinformatics framework and the supporting infrastructure for assessing the risks of NMs, their products and their
formulations. The provided services, data and tools are not limited to offers from the NanoCommons consortium
but, due to the collaborative approach and the strategic partnership programme,the NanoCommons Knowledge
Base is becoming the one-stop resource for nanosafety data, either by directly providing data from different projects
or by integrating other existing databases. This data can thenbe directly reused in a continuously increasing set of
modelling, simulation, grouping and read-across applications that are integrated with the NanoCommons Knowledge
Base, either through KNIME modes, Jupetyr notebooks or other (modelling) platforms.
Statement of Contribution/Methods
Besides providing the Transnational Access services to users, many of which resulted int eh development ofbespoke
solutions that were further generalised and made available to the wider community, the project produced a large
number of training materials for each of the specific tools. Even more importantly, demonstration of the application
of the NanoCommons-developed tools, via complex integrated workflows combining different tools developed as
part of the demonstration cases and transnational access offers, demonstrates the breath and versatility of the
approaches and their easy reconfiguration to address new research needs and questions.
Results/Discussion
NanoWeek marks the end of the NanoCommons project. However, the consortium is fully committed to sustaining
the infrastructure and the underlying services and to working together with all stakeholders to further develop and
extend it to ensure that it remains fit for future challenges. This presentation will describe the evolution of the
NanoCommons project to a central, community-driven platform, the NEW NanoCommons Knowledge
Infrastructure. Future activities will be structured around the Knowledge Base for accessing data and software tools
and the User Guidance Handbook for training materials and moregenerally as a knowledge resource on nanosafety
data, nanoinformatics and areas benefiting from these like Safe-and-Sustainable-by-Design, nano governance and
nano-fabrication.
Funding information
This work has received funding from the European Union Horizon 2020 Programme (H2020) under grantagreement
nº 731032 (NanoCommons, www.nanocommons.eu).
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A “traffic light” methodology enabling automatic assessment of Data Quality & Completeness
of nanosafety physicochemical & hazard information for Risk Assessment
Gianpietro Basei1, Hubert Rauscher2, Nina Jeliazkova3, Danail Hristozov1,4
1
GreenDecision Srl, Mestre, Italy,
2
European Commission, Joint Research Centre (JRC), Ispra, Italy
1
Ideaconsult Ltd., Sofia, Bulgaria,
2
East European Research and Innovation Enterprise, Sofia, Bulgaria
Background, Motivation and Objective
Using high quality data is essential for the robust and reliable risk assessment of chemical substances, including
engineered nanomaterials. It is indeed fundamental for risk assessors to be aware of the quality of the datasets that
they use in their analyses, and of the degree of completeness of the (meta)data. Lack of such knowledge may generate
risk assessment results, which are often too uncertain to adequately support regulatory or risk management decision
making. Using high quality data is also essential for making scientifically justified decisions related to the grouping of
substances as a basis for read across of information for purposes ranging from safe-by-design to regulatory risk
assessment. Similarly, the classification of substances according to the Classification Labelling and Packaging (CLP)
regulation requires robust physicochemical and (eco)toxicity datasets thoroughly assessed for their quality and
completeness.
To address these priorities, in the EU GRACIOUS and Gov4Nano projects we proposed a methodology to assess the
completeness and quality of physicochemical and hazard datasets to support more robust risk assessment of
nanomaterials.
Statement of Contribution/Methods
To develop this novel methodology, we performed a literature review to identify the most suitable criteria to assess
the quality and completeness of nanosafety (meta)data, by filling and keeping updated an inventory of relevant tools
and methodologies. Then, we selected from the collected approaches the ones that are based on the criteria
considered by the European Chemical Agency’s (ECHA) Guidance on Information Requirements and Chemical Safety
Assessment most relevant and established for assessing the quality of physicochemical and hazard data from risk
assessment perspective, namely: (1) Data completeness: which refers to the degree to which all required (meta)data
in a data set is available; (2) Data reliability: which measures if a study was conducted in a reliable manner; (3) Data
relevance: which measures if a study was conducted using agreed (standard) protocols/procedures; (4) Data adequacy:
defining the usefulness of the data for risk assessment purposes.
On 28th of June 2021 a workshop took place to collect feedback from stakeholders on the robustness of the proposed
approach. The workshop was open to data experts and risk assessors from industry, regulation, and academia and was
attended by more than 80 participants. The results of the workshop were used as starting point for improving and
further refining our data quality and completeness assessment methodology.
Results/Discussion
The goal of the proposed methodology is to assess data quality in such a way that all the steps are automatized, thus
reducing as much as possible the need of expert judgment. This makes the methodology particularly suitable for
integration into databases and software tools. The evaluation starts from available (meta)data as provided in the
harmonized templates for inputting data into the eNanoMapper database. The quality of the data is assessed with
respect to the four criteria: (1) data completeness, (2) data relevance, (3) data reliability, and (4) data adequacy. Scores
are computed for each criterion and then aggregated into an overall data quality and completeness score. The
methodology requires a minimum degree of (meta)data completeness related to the physicochemical characterization
for data to be of overall “high quality”. The calculated data quality scores are then assigned to a specific light in the
“traffic light” system based on predefined thresholds: (a) “green light”: data is of high quality; (b) “yellow light”: data
is of sufficient quality but needs further consideration to be used for the specific task; (c) “red light”: data is of
insufficient quality.
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The methodology has been partially implemented in the eNanoMapper database and is available as an R tool that can
be used to easily integrate it in other databases as well as in risk assessment software tools. In eNanoMapper, the
methodology is implemented as a traffic light system on the data entry templates and on the database user interface
– the providers of the data can see in real time the completeness scores calculated by the system for their datasets
(as traffic lights – green, yellow, or red). This feature is intended to motivate anyone inserting data into the database
to deliver more complete and higher-quality datasets. The users of the data can also see this information, which
enables them to select better datasets for their risk assessments.
Funding information
The GRACIOUS project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 760840. The Gov4Nano project has received funding from the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 814401.

Improving data findability and accessibility – M. Bakker/Cowie (Institute of Occupational
Medicine)
H. Cowie1, M Bakker2, N Jeliazkova3, P Ritchie1
1
Institute of Occupational Medicine (IOM), Edinburgh, UK,
2
National Institute for Public Health and the Environment (RIVM), Netherlands
3
Ideaconsult Ltd., Sofia, Bulgaria
Background, Motivation and Objective
Implementation of the FAIR (Findable, Accessible, Interoperable and Reusable) principles is important in increasing
the visibility and utility of data and standardising and describing data such that it can be shared and reused by a range
of stakeholders. There remains, however, a lack of awareness and applicability of these principles in some scientific
areas and the current work has focused on identification of the barriers and incentives to the FAIRification of data. In
addition, specific issues of relevance to data sharing such as data citation, intellectual property and data privacy have
been addressed.
Statement of Contribution/Methods
Incentives for scientists to make their data findable and accessible, and related barriers to implementation in practice
were investigated through a review of the published literature, supplemented by an online survey of stakeholders
working in a range of scientific areas. The findings of these activities were accompanied by additional investigations of
feasibility and methods of citing and storing data sets, Intellectual Property and data privacy issues, and the
development of machine-readable metadata. Based on the results of the review work, training resources to guide
researchers in maximising the findability and accessibility of their data, were identified.
Results/Discussion
Results from the literature review and the stakeholder survey indicated that many researchers were supportive of
data sharing, but expressed some concerns about how this might happen in practice. Key benefits of data sharing and
FAIR data were perceived to be improved research reproducibility, enhanced opportunities for research collaborations
and publications and maximisation of research impact. In contrast to the support expressed for data sharing, fewer
researchers reported sharing data in practice and results from the survey showed that around 40% of the 128
respondents had low or no awareness of FAIR principles.
Concerns about data sharing centred around data quality, data misuse and privacy concerns, time and/or resource
requirements and skills and/or tools required. There were concerns expressed about the quality of other researchers’
data, and consequent misinterpretation, although these concerns were allayed where written details about collection
and quality assurance methods were available. Similarly, there were concerns expressed that other may misuse shared
data, due to its complexity, or by using it in other ways than those intended. Solutions to this concern included
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requiring data generators to give explicit permission for secondary use of their data, or to require review of any
additional analysis carried out prior to publication.
Perceived shortage of time and resources were reported by around a quarter of the survey respondents, and lack of
skills and tools by around a fifth of respondents. These barriers can be addressed through the provision of training
resources and simple-to-use FAIRification tools and guidance, with completion of relevant training addressing the lack
of skills and leading to more efficient implementation of FAIR thus saving researchers time and resource. A key training
source is the eNanomapper Nanosafety Data interface. Measures to address concerns regarding availability of
resources could also include a stronger recognition of the need for, and benefits of, FAIRification by funders and
sponsors, and the inclusion of this topic within research calls, and invitations to tender. This would allow provision for
FAIRification to be integrally included in study proposals and protocols and for resource time and funding to be
explicitly costed into the bids.
Many journal publishers now have clear guidelines encouraging open access and providing guidance on data
repositories and the citation process for data sets. Although the journals have a scale for provision of open data
alongside journal publications, ranging from level 1 ‘encourages data sharing’ to level 5 ‘mandates data sharing and
peer review of data’, the vast majority of journals currently implement only level 2 ‘expects data sharing’ with no
journals currently implementing level 5. In addition, there remain a substantial number of journals that require high
fees for open access which is an active disincentive to open sharing of research in general and data sharing in particular.
Provision of clear guidance on the data citation process and on data repositories suitable for data associated with
papers published in journals would be beneficial, and this is already being implemented by a number of journals.
Further encouragement, and requirement, from journals to provide shared data sets, linked to the FAIR principles
would be advantageous in increasing the wider sharing of good quality data, with relevant and detailed accompanying
metadata.
There is a general enthusiasm for application of the FAIR principles to datasets, with key advantages in collaborative
working and publications, but researchers have concerns regarding data quality, privacy and misuse and the time and
resources required for implementation. These concerns should be addressed through enhanced metadata for data
sets providing reassurance of appropriate interpretation and use for both those providing and those re-using the data.
Training resources, in particular eNanomapper, should be used to enhance skills and knowledge of FAIR, and standard
citation formats, and further encouragement from journal publishers to share data, would contribute to improved
recognition and implementation of sharing of FAIR data.
Funding information
This work was carried out under the H2020 project Gov4Nano (Grant Agreement nº 814401)
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Data shepherding in nanotechnology. The ASINA case
Irini Furxhi 1,2, Massimo Perucca3, Finbarr Murphy1,2, Magda Blosi4 and Anna Costa 4
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Transgero Limited, Cullinagh, Newcastle West, V42V384 Limerick, Ireland
2
Department of Accounting and Finance, Kemmy Business School, University of Limerick, V94T9PXLimerick,
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3
PROJECT-SAS, Faenza, Italy
4
Institute of Science and Technology for Ceramics, National Research Council of Italy (CNR-ISTEC), ViaGranarolo
64, 48018 Faenza, Italy
Background, Motivation and Objective
FAIR data has become the pinnacle of scientific research. We will describe the approach of initiating, designing and
implementing the Data Management Plan (DMP) and the data FAIRification process in themultidisciplinary Horizon
2020 nanotechnology project, Anticipating Safety Issues at the Design Stage of NAno Product Development
(ASINA).
Statement of Contribution/Methods
We will emphasize that the initial steps in the direction towards data FAIRification must be conceptualizedand
visualized in a systematic way. We will demonstrate the use of a generic questionnaire to capture primary data and
metadata description from our consortium (data creators/experimentalists and data analysts/modelers). We will
then display the interactive process with external FAIR data initiatives (data curators/quality assessors), regarding
guidance for data and metadata capturing and future integration into repositories (NanoCommons). After the
preliminary data capturing and FAIRification template is formed, the inner-communication process begins between
the partners, which leads to developing case-specific templates.
Results/Discussion
This presentation will assist future data creators, data analysts, stewards and shepherds engaged in the multi-faceted
data shepherding process, in any project, by providing a roadmap, demonstrated in the case of ASINA. In addition,
we will briefly mention the templates and work generated within ASINA in the contextof FAIR data and we will
highlight the ongoing efforts of data curation processes.
Funding information
This research was funded by the European Union’s Horizon 2020 research and innovation programme undergrant
agreement No. 862444.
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Which FAIR assessment tools to use?
Krans, N.A.1, Ammar, A. 2, Nymark, P.,3 Willighagen, E.L. 2, Bakker, M.I. 1 and Quik, J.T.K. 4
1
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Bilthoven, The Netherlands
2
Department of Bioinformatics—BiGCaT, NUTRIM, Maastricht University, Maastricht, The Netherlands
3
Institute of Environmental Medicine, Karolinska Institute, 171 77 Stockholm, Sweden
4
National Institute for Public Health and the Environment (RIVM), Centre for Sustainability, Environment and Health,
Bilthoven, The Netherlands
Background, Motivation and Objective
Publishing research data using a findable, accessible, interoperable, and reusable (FAIR) approach is paramount to
further innovation in nanomaterial research. In particular in developing innovative approaches to predict
(eco)toxicological risks in (nano or advanced) material design where efficient use of existing datais essential in coping
with material complexity. The use of tools assessing the FAIRness of data helps the future improvement of data
FAIRness and therefore their re-use. Here we aim to help end users understand the use of these tools and provide
recommendations for the tool developers.
Statement of Contribution/Methods
This paper reviews ten FAIR assessment tools that have first been characterized based on the required expertise, user
friendliness and type of output. All tools were then evaluated using two datasets from the nanomaterials and
microplastics risk assessment domain. The tools were grouped into four categories: onlineand offline self-assessment
survey based, online (semi-) automated and other tools.
Results/Discussion
We found that the online self-assessment tools can be used for a quick scan of a user’s dataset due to their ease of
use, little need for experience and short time investment. When a user is looking to assess full databases, and not just
datasets, for their FAIRness, (semi-)automated tools are more practical. The offline assessment tools were found to
be limited and unreliable due to a lack of guidance and an under-developed state. To further characterize the usability,
two datasets were run through all tools to check the similarity inthe tools’ results. As most of the tools differ in their
implementation of the FAIR principles, a large varietyin outcomes was obtained. Furthermore, it was observed that
only one tool gives recommendations to the user on how to improve the FAIRness of the evaluated dataset. We
conclude our evaluation giving clear recommendations for both the user and the developer of FAIR assessment tools.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation programme:
GOV4nano under grant agreement No 814401, NanoSolveIT under grant agreement No814572, RiskGONE under grant
agreement No 814425.
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Reducing the obstacles for the use of in vitro toxicity data of nanomaterials in life cycle
assessment and human risk assessment
Daina Romeo1, Roland Hischier2, Bernd Nowack2, Peter Wick1
1
Empa, Swiss Laboratories for Materials Science and Technology, Laboratory for Particles-Biology Interactions in St.
Gallen, Switzerland
2
Empa, Swiss Laboratories for Materials Science and Technology, Laboratory for Technology and Society in St. Gallen,
Switzerland
Background, Motivation and Objective
Life Cycle Impact Assessment (LCIA) is the phase of Life Cycle Assessment (LCA) that focuses on evaluating the
magnitude of the environmental impacts of a product or service. The impacts on human health are determined with
the support of human toxicity effect factors (HEF) mainly from animal studies. The HEF can be seen as an indicator for
the disease incidence in the human population linked to the intake of (one unit of) a substance.
In line with the 3R concept (Replace, Reduce, Refine), nanotoxicology is shifting from a phenomenological to a
mechanistic approach based on in vitro and in silico methods, with a consequent reduction in animal testing.
Therefore, Risk Assessment (RA) and Life Cycle Assessment (LCA) methodologies, which traditionally rely on in vivo
toxicity studies, will not be able to integrate assessment factors for new nanomaterials unless they adapt to use this
new type of data.
Being able to substitute the animal data with in vitro data for the estimation of HEF would allow a faster inclusion of
new materials in the LCIA methodology, resulting in more precise assessment of nano-enabled products. However, in
vitro data cannot be directly used in LCIA, and a standard integration strategy is missing. Here we propose an
integrated pathway for the use of in vitro data in RA and LCA. Starting with the characterization of nanoparticles’
properties, the pathway then investigates how to select relevant in vitro human data, and how to bridge in vitro doseresponse relationships to in vivo effects [1-5].
Figure: Graphic representation of the proposed
pathway for the assessment of human health
impacts of ENM from non-animal data, in
alignment with the new trends and
developments
in
nanotoxicology.
The
nanoparticles properties are depicted in blue,
the models and methods relating to the
selection and refinement of in vitro data in grey,
and the models and methods to extrapolate
from in vitro to in vivo in green [1].
QSAR
quantitative
structure-activity
relationship, AOP Adverse Outcome pathway,
PBPK Physiologcially-based Pharmacokinetic,
MPPD multiple-path particle dosimetry, RPF
relative potency factor

Results/Discussion
Implementing in vitro data in the HHRA and LCA methodology requires an extrapolation strategy; combining in vitro
dosimetry and lung dosimetry can be an option to estimate the toxic effects on lung cells caused by inhaled
nanomaterials. Since the two dosimetry models have rarely been used together, we developed a combined dosimetry
model (CoDo) that estimates the air concentrations corresponding to the in vitro doses, extrapolating in this way in
vitro doses to human doses. Applying the model to a data set of in vitro and in vivo toxicity data about titanium dioxide,
we demonstrat CoDo's multiple applications [3].
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Moreover, we show how the model can be applied to calculate HEF for LCA and we reflect on the interdisciplinary
contributions needed to apply this strategy systematically [5].
Funding information
NanoRigo has received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No. 814530. This publication reflects only the author’s view and the Commission is not responsible
for any use that may be made of the information it contains.
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Oral Presentations - Tuesday 21st June
Track 1: Hazard, Exposure and SSbD
Engineered nanomaterial-relevant AOPs; network creation and identification of key nodes
for adverse outcomes
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Background, Motivation and Objective
Adverse Outcome Pathways (AOPs) are a useful framework for organizing and presenting scientific data related to
toxicological processes. As a step in the progress towards developing New Approach Methodologies (NAM) in the EU
project HARMLESS, partners identified, compiled and organized existingand tentative AOPs relevant for engineered
nanomaterial (ENM) induced adverse outcomes (AOs) to humanhealth and ecology.
Statement of Contribution/Methods
ENM-relevant AOPs were identified from previous EU projects, the AOPwiki and through other approaches.The AOPs
were then submitted to selection criteria aligned with the overall aims of HARMLESS, e.g. related to exposure routes,
and AOPs not meeting these were excluded from the AOP list. Networks related to major ENM-induced human adverse
outcomes were created for visualizing relationships and nodes, and toidentify central key events (KEs) for further NAM
development.
Results/Discussion
Following a thorough search based on the listed search criteria, 25 AOPs relevant for human toxicology and19 AOPs
relevant for ecotoxicology were identified. Based on exclusion criteria, the list of AOPs relevant for human toxicology
was shortened to 21 AOPs. For ecotoxicology, the list of 19 relevant AOPs was shortened to 7 AOPs relevant to
HARMLESS following a ranking and selection process. Of these, 5 were overlapping with AOPs identified as relevant
for human toxicology. Short descriptions of each AOP were provided, including their development status.
Four networks for human toxicology were created based on AOs: lung fibrosis, lung cancer/mesothelioma, decreased
lung function and liver. Each identified KE node was assessed for its use as a potentially predictive marker for the AO.
For lung fibrosis, KE nodes could be divided into early and late KE nodes. The early KE nodes were related to
inflammation and later KE nodes were related to extracellular matrix, in particular collagen, deposition. The lung
cancer/mesothelioma network was highly intertwined, with several major KE nodes. Inflammation and oxidative stress
were identified as the central initial KEs, leading to the node KEs related to oxidative DNA damage and mutations, and
subsequently to increased cell proliferation. In contrast, no KE nodes were identified for decreased lung function. The
AOPs in the liver network were also relatively detached, but common node KEs were identified for liver fibrosis-related
events, such as inflammation, stellate cell activation and collagen deposition. Ecotoxicology AOPs could not be merged
intomeaningful groups and networks were therefore not created for these. However, homologies were identified in
KEs of AOPs applicable to humans and fish related to endocytic lysosomal uptake, oxidative stress responses and
glutathione homeostasis perturbation leading to hepatotoxicty, liver fibrosis and mortality.
Collectively, AOP network visualization and node identification highlighted important key events for ENM-induced
progression towards AOs. This information is useful as targeted guidance for NAM development and constructing
assays for hazard screening of new nanomaterials.
Funding information: This project has received funding from the European Union’s Horizon 2020 research and
innovationprogramme under grant agreement No 953183 (HARMLESS)
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Assessing the similarity of nanoforms based on the biodegradation of organic surface
treatment chemicals
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4
Ideaconsult Ltd, Sofia, Bulgaria
To reduce the burden of testing each unique nanoform for the environmental risk assessment of nanomaterials,
grouping approaches allow simultaneous assessment of multiple nanoforms. Understanding how modulation of key
intrinsic properties of nanoforms, such as different surface treatments, affects exposure and hazard is a priority to
address for developing grouping approaches. One hypothesis to group nanoforms with different organic surface
modifications is to use parameters linked to the biodegradation of the surface treatment, where demonstrating loss
of the organic surface treatment indicates it will no longer drive the fate and toxicity of the nanoform and so the
nanoform may be grouped with other non-coated analogous forms.
To this end, a tiered testing strategy consisting of a 48-hour colorimetric based screening assessment and a higher tier
OECD ready biodegradability test (OECD TG 301F), is used to assess the similarity in biodegradation of 6 commonly
used organic surface treatments for nanoforms. The pairwise similarity in biodegradation between substances using
the data from the two tiers of testing is evaluated by Euclidean distance and maximal fold difference.
The presentation will propose a tiered testing strategy for biodegradability of organic surface treatments for
nanoforms that may be employed within integrated approaches to testing and assessment (IATA), to group nanoforms
according to their environmental fate and toxicity. Lessons learnt from pairwise similarity assessment inform
thresholds for groups within each tier of testing and define the applicability range. This is the range wherein similarity
assessment of biodegradability between nanoforms would be appropriate as part of a justification for grouping
nanoforms with different surface treatments. Acceptable limits of similarity are yet to be determined, however
approaches to validate limits of similarity will be discussed in the context of the six case study substances tested. This
study has relevance for grouping and read-across approaches of nanoforms for both regulatory and safer by design
purposes.
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Validation of an advanced 3D respiratory tri-culture model at the air-liquid interface for
hazard assessment of nanomaterials
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1
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3
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4
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* Shared authorship
** Corresponding authors
Background, Motivation and Objective
New alternative methods (NAMs) are needed for next generation human hazard and risk assessment of nanomaterials
(NMs), in compliance with the 3´Rs to reduce, replace and refine animal experiments. An important part of NAMs is
the development of advanced 3D in vitro models for hazard identification. The aim of this work was to characterize
and validate an advanced 3D lung cell model in combination with an aerosol exposure system, to feature the air-blood
barrier in the alveoli of the lower respiratory tract.
Statement of Contribution/Methods
Human epithelial alveolar type II cells (A549) were cultured at the air-liquid interface (ALI) in monoculture, in coculture
with endothelial cells (EA.hy926), and in triculture with differentiated monocytes (dTHP-1), and exposed to aerosolized
silver NMs (NM-300K, 1 and 10 µg/cm2) and control solutions in the VitroCell™ cloud system. Cellular viability was
measured after 24h exposure by the AlamarBlue assay, and an interlaboratory comparison of the results was
performed (NILU and STAMI). DNA damage was measured by the enzyme-modified version of the comet assay and
cellular uptake was investigated by confocal and transmission electron microscopy. Barrier integrity of the 3D lung
models was measured by breakthrough of fluorescein sodium salt and silver.
Results/Discussion
Cell viability was reduced after exposure to a 10 µg/cm2 Ag NM (NM-300K) aerosol in the monocultures. No effect of
NM-300K was detected on viability of co- and tricultures, compared to aerosolized phosphate buffered saline. The Ag
NMs were internalized in both A549 and dTHP-1 cells. Induction of DNA damage was measured after exposure to 10
µg/cm2 NM-300K in endothelial cells in coculture, which may be related to breakthrough of silver to the basolateral
side of the culture. This work indicates that the sensitivity of the cells to NM-300K exposure was dependent on the
complexity of the ALI model. Co- and tricultures seemed to be more sensitive to aerosol exposure and handling, as the
cell viability was reduced also for the negative control compared to the untreated incubator control. Our results show
that detailed protocols are needed for data consistency when working with advanced models, as sensitivity to NM300K exposure was shown to vary between the laboratories although nearly identical procedures were followed.
Funding information
The work was financially supported by the Norwegian Research council projects NanoBioReal (288768) and PhD
project (E.E.) (272412/F40), the European Union’s Horizon 2020 research and innovation programme RiskGONE (grant
agreement no. 8144259), TWINALT (grant agreement no. 952404 — H2020-WIDESPREAD-2020-5) and by TEPCAN
project granted in the Programme "Applied research" under the Norwegian Financial Mechanisms 2014 – 2021 /
POLNOR 2019 (EEA and Norway Grants), Thematic areas: Welfare, health and care (NCBR Funding No.
NOR/POLNOR/TEPCAN/0057/2019-00).
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Hazard identification of nanomaterials: in silico unravelling of descriptors for cytotoxicity and
genotoxicity
N. El Yamani 1, M. Gromelski2, E. Mariussen4, E. Wyrzykowska2, D. Grabarek2, T. Puzyn2,3, M. Dusinska1, E.RundénPran1
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4
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Background, Motivation and Objective: Hazard characterization and safety assessment of engineered nanomaterials
(ENMs) demand robust and validated test methods, as well as read-across approaches for grouping. Successful
determination of hazards associated with (ENMs) depends on an intimate knowledge of theirinteractions with target
biological materials.
Statement of Contribution/Methods: We have explored the relationships between physico-chemicalcharacteristics
of a range of ENMs and their biological effects - cytotoxicity, oxidative stress, and genotoxicity (strand breaks and
oxidized DNA bases) - using a grouping analysis approach. A large set of data on characterization and biological effects
has been collected and analyzed with the aim of elucidating modes of action. Most of these data were obtained
during the NANoREG and Nanoreg2 projects.
Results/Discussion: Our results showed that ZnO NMs (NM-110 and NM-111) and Ag-NMs (NM-300K and NM-302)
were cytotoxic by both the Alamar Blue (AB) and colony forming efficiency (CFE) assays. The TiO2 and SiO2 NMs were
not found to be cytotoxic. For genotoxicity, TiO2 (NM-100), ZnO (NM-110), SiO2 (NM-203) and Ag (NM-300K) were
categorized as positive inducing strand breaks (Sbs). The nanoparticle tracking analysis (NTA) was used to measure
size of NMs in stock and in media at different time points. The modelling and chemoinformatic analyses identified
several descriptors to be of importance for cytotoxic potential, mainly relatedto NMs electron properties and their
overall chemical reactivity (HOMO-LUMO energy, redox potential,ionization potential and electron affinity). Similarly,
for the genotoxic potential the NMs HOMO-LUMO energy parameter, ionization potential together with pristine size
(TEM) are more influential. For the induction of oxidized base lesions, the presence of surface coating was the best
determinant (detected by the enzyme-linked comet assay). An integrated approach combining experimental and in
silico studies was shown to be of value in identifying hazards associated with ENMs. Grouping analysis can give
support where crucial empirical information is lacking.
Funding information: Supported by H2020-NMBP-13-2018 RiskGONE (Grant Agreement no 814425), the FP7 (grantagreement
no. 310584) (NANoREG), 64622 (Nanoreg2), H2020-NMBP-14-2018 NanoSolveIT (Grant Agreement no 814572).
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In vitro cytokinesis block micronucleus (CBMN) assay to evaluate the genotoxicity of
multicomponent nanomaterials – a comparison with their individual counterparts
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Background, Motivation and Objective
The last two decades have seen a rise in the production of nanomaterials and, with it, the need to evaluate the
potential human and environmental hazard they pose. More recently, new multicomponent nanomaterials (MCNM)
are being developed; despite the extensive literature identifying the potential toxicity of the single components, little
is known about their effects when combined.
The current study aims to determine exposure-dose-response relationships and the potential human hazard of a
selection of industrially relevant MCNM. Testing them along with their individual counterparts may shed some light
on the behaviour of these multi-element materials. In addition, this work will help to develop suitable experimental
methods to produce data on the environmental health and safety (EHS) effects of multicomponent nanomaterials.
Statement of Contribution/Methods
Several multicomponent nanomaterials were selected to test their cytotoxicity and genotoxicity. The tests involved
evaluating the multicomponent and the individual components, highlighting any potential additive, synergistic or
antagonistic effect. The in vitro cytokinesis-blocked micronucleus (CBMN) assay was used as a measure of
chromosomal breakage (genotoxicity), and relative population doubling (RPD), or cytokinesis-blocked proliferation
index (CBPI) was used as a measure of cytotoxicity or cytostasis, respectively. The CBMN assay was performed on
human lymphoblastoid (TK6) cells (an OECD-validated cell line, routinely used to assess cytotoxic and genotoxic
response against chemical substances). The TK6 cells were dosed for 24h with 0 to 100 µg/ml of i) multicomponent
nanomaterials and ii) the single components, the exposure to which was tailored to their ratio at the highest dose, 100
ug/ml.
Results/Discussion
Preliminary data suggests that there may be differences in the dose-response relationship between the
multicomponent and its individual counterparts depending on the nanomaterial characteristics. Core-shell MCNM A
and B caused a slight (but not significant) increase in chromosomal breakage compared to untreated cells in all doses.
At the highest concentration, both A and B and their respective singular components behaved in a similar way,
suggesting no additive nor synergistic effect. In contrast, cells exposed to multicomponent nanomaterial C at the
highest dose were subjected to a high cytotoxicity (~100%). None of C’s single components, however, showed a strong
response. These results open the possibility of interactive effects between the components, emphasising the need to
identify and develop relevant experimental methods to assess the hazards these multicomponent nanomaterials may
pose.
Funding information
This research has received funding from the European Union’s Horizon 2020 research and innovation programme for
the SUNSHINE project under grant agreement No 952924.
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Titania-supported metal photocatalytic coating for protection against COVID-19 outbreak
Olga Thoda1, Anastasia-Maria Moschovi1,2, Konstantinos Sakkas2,katerini Polyzou1, Iakovos Yakoumis (*),1,2
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The Photo_COVID project aims to the development of an innovative titania-supported catalytic coatingwhich will limit
the lifespan of the SARS-Cov-2 virus on an indoor surface to maximum one hour. Mostphotocatalytic reactors use
titanium dioxide (TiO2) as catalyst, which is activated by UV light and produce reactive radicals, mainly hydroxyl
radicals, which in term, can easily attack harmful inorganic,such as NO and organic, such as VOCs, aldehydes and BTEX
pollutants transforming them to harmlesscompounds. However, TiO2 is an effective reducing agent which requires
high energy/UV light to operate and is suitable only for outdoor applications, thus cannot be applied in the reduction
of the coronavirus outbreak. Consequently, there is a need for an effective photocatalytic material that may operate
under Visible light (indoor like) illumination and at the same time constitute harmful for the coronavirus.
YS Cypriot Catalysts Ltd., as the project leader, had already developed an innovative photocatalytic material, which
is activated in the presence of artificial light. The material is suitable for the degradationof inorganic and organic
pollutants using artificial light, while its photocatalytic activity towards the degradation of COVID-19 by
incorporating metal nanoparticles (e.g., Ag, Cu) in it, has also been investigated. The metal nanoparticles were
employed to reduce the optical energy band gap of n-type semiconductor (TiO2). The metals such as Cu and Ag
were chosen due to their well-established antimicrobial properties. This photocatalytic material is harmless to
humans and suitable for indoor air- cleaning, aiming in health applications for the reduction of the coronavirus
outbreak.
The Photo_COVID coating is a semi-transparent, non-toxic, non-chemical material, which is applied in the form of
paint. The target of this innovative product is to be applied from schools to hospitals, supermarkets to airports and
even cruise ships since it can be used in both interior and exterior surfacesto promote environmental hygiene and
prevent airborne infections from spreading. The supported UV-irritated catalysts are suitable and stable in both
indoor and outdoor surfaces. Thus, since the virus comes in contact to any Photo_COVID coated surface its RNA
helix connected by hydrogen bonds, collapses due to titanium dioxide coating. As a result, the oxygen binds to the
open ends to replace thelost electrons, causing the virus to oxidize and thus, “burn”. The activation of the catalyst
irritated by UV and UV-vis will be validated using customized photochemical cell assisted by UV –
spectrophotometer and the efficiency of the catalyst, on the collapse of the virus RNA helix, will also be studied with
toxicity measurements.
Funding information
The research leading to these results has received funding by the Research and Innovation FoundationProgrammes
for Research, Technological Development and Innovation “RESTART 2016 – 2020” under Grant Agreement No SEEDCOVID/0420/0031.
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Safe and Sustainable by design alternatives applied to antiviral and antimicrobial nano-Ag
technology
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Anna Luisa Costa1
1
National Research Council of Italy, Institute of Science and Technology for Ceramics (CNR-ISTEC),Faenza,
Italy
2
National Research Council of Italy, Institute of Intelligent Industrial Technologies and Systems for
Advanced Manufacturing (CNR-STIIMA), Biella, Italy
3
Department of Biomedical, Surgical and Dental Sciences, University of Milan, Via Pascal 36, 20133Milano, Italy
Background, Motivation and Objective
Nano-Ag technology provides effective solutions in the human battle against microorganisms, as a preventivemeasure
that limits contact with pathogens and inhibits their activity. Despite nano-Ag is an ancient technology, a renewed
interest in this material is ongoing due to the dramatic consequences of the COVID19 pandemic. Nevertheless, such
high interest has also fostered the spreading of fraudulent, uncertified, and oftendangerous products in the market,
including many concerns about their safe use. Therefore, now more than ever a technology that matches Safe and
Sustainable by Design (SSbyD) requirements becomes relevant.
Statement of Contribution/Methods
We present here an Ag-based patented technology, AgHEC, intended for antibacterial and antiviral uses and aligned
with SSbyD main performance requirements: life-cycle sustainability, human safety and antimicrobialeffectiveness.
Ag-HEC preparation implies the direct nucleation of Ag NPs at room temperature into a matrix of hydroxyethyl
cellulose, a benign biopolymer, which acts both as a reducing and chelating agent. Highly stable and concentrated
water-based suspensions were achieved (Ag: 0.1-0.5%wt) so becoming a versatile raw material easy to be formulated
and investigated for different applications: textile coatings, wounddressings, and nasal hydrogels. To explore the design
space and identify the best SSbyD solutions, we modifiedthe main synthesis parameters and the type of capping agent
in line with a design of experiment (DoE) approach.
Results/Discussion
A widespread characterization was performed (DLS/ELS, TEM, XRD, UV-VIS, XPS) to assess the physicochemical
properties of the prepared Ag-based NPs. Dissolution behavior and colloidal properties wereevaluated to monitor the
biotransformation of Ag-based NPs once exposed to relevant (eco)toxicological media selected according to the
application. AgHEC synthesis ensured a total reaction yield and reproduciblenanosized particles (10-20 nm), with a
very good antibacterial activity tested against Escherichia Coli and Staphylococcus aureus. The antiviral performance
of Ag-HEC was expressed as Selectivity Index (SI), intended as the capability to be active in a concentration range below
the cytotoxicity value, the results pointed out an actual enhanced risk/benefit profile of Ag-HEC with respect to
chloroquine, with SI of 22,2 and 8,4, respectively. The modification of the synthesis parameters in line with the DoE
plan enabled to prepare of a set of design alternatives with different physicochemical properties driving different
antibacterial and antiviralperformances. For each material, a SI was calculated and for each application, we identified
the most suitableAg-based solution matching the main SSbyD performance requirements of sustainability, safety,
and antimicrobial effectiveness.
Funding information
This work has received funding from the European Union’s Horizon 2020 Research and Innovation Programme under
Grant Agreement No. 862444 (ASINA - Anticipating Safety Issues at the Design Stage of NAno Product Development)
and European Union’s Horizon 2020 Research and Innovation Programme under Grant Agreement No. 760928
(BIORIMA - BIOmaterial RIsk MAnagement). For the results achieved a BIORIMA Covid Task Force was implemented
and ASINA project has been included in the list of the H2020projects whose results can have relevance towards the
fight against coronavirus.
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Identification of the Safe(r) By Design alternatives of Nanosilver-enabled wound dressings
Cazzagon V. 1, Giubilato E. 1, Blosi M. 2, Zanoni I. 2, Bonetto A. 1, Vineis C. 3, Varesano A. 3, Marcomini A. 1, Hristozov D. 1,
, Semenzin E. 1, Badetti E. 1
1
Department of Environmental Sciences, Informatics and Statistics, University Ca’ Foscari of Venice, via Torino 155,
30170 Venice Mestre, Italy
2
Institute of Science and Technology for Ceramics (CNR-ISTEC), National Research Council of Italy, Via Granarolo 64,
48018 Faenza, RA, Italy
3
Institute of Intelligent Industrial Technologies and Systems for Advanced Manufacturing (CNR-STIIMA), Corso G. Pella
16 - 13900 Biella, BI, Italy
4
Greendecison Srl, via Torino 155, 30170 Venice Mestre, Italy

4

Background, Motivation and Objective
The use of silver nanoparticles (NPs) in medical devices has increased due to their excellent antimicrobial properties.
In wound dressings, Ag NPs are commonly added in large excess to exert long-term and constant antimicrobial effects,
which can cause instantaneous release of Ag ions or the persistence of unused NPs in the wound dressing that can be
unintentionally released during the end-of-life stage to pose risks for ecosystems.
Statement of Contribution/Methods
To address these challenges, a Safe-by-Design procedure was developed in order to reduce potential environmental
risks while optimizing the functional performance and the costs of wound dressings containing Ag NPs. The SbD
procedure is based on a set of ad-hoc criteria (e.g., mechanical strength, antibacterial effect, leaching of Ag from the
product immersed in environmental media) and permit to identify the best alternative among five pre-market
alternatives which differ in i) the polymer matrix used, ii) the type and iii) the quantity of Ag NPs incorporated in the
wound dressings.
Results/Discussion
A ranking of the SbD alternatives was obtained and the safest
solution (i.e., a wound dressing made with electrospun fibres
of Poly L-lactide polymer and Ag NPs coated with
hydroxyethyl cellulose) was selected based on the SbD
criteria (Figure 1). The SbD procedure was also applied to
commercial wound dressings to compare SbD alternatives
with products already on the market. The proposed
procedure proved to be effective in identifying
underperforming alternatives to be excluded from further
developments (based on its low mechanical strength) and in
supporting the ranking and prioritization of safer alternatives
early in the innovation process.
Funding information
This work has received funding from the European Union’s
Horizon 2020 Research and Innovation Programme under
Grant Agreement No 760928 (BIORIMA - BIOmaterial RIsk
MAnagement) and European Union’s Horizon 2020 Research
and Innovation Programme under Grant Agreement No
952924 (SUNSHINE-Safe and Sustainable Design for Advanced
Materials).
Figure 1. SbD procedure developed to identify the safest solution among five wound dressings containing Ag NPs.
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A Safe by Design approach for the synthesis of TiO2-based nanoparticles for the
photocatalytic degradation of pollutants under visible light
A. Grigoropoulos1,* K. Mavronasou1, S. P. Makri1, I. Deligkiozi1, A. Zoikis
1
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Background, Motivation and Objective
The production volume of TiO2 in various nanoforms is currently the largest of all known nanomaterials by virtue of
its low cost and excellent photocatalytic properties. Among various applications targeting air and water purification,
TiO2 nanoparticles (NPs) can be added in paint formulations to act as photocatalysts for the degradation of air
pollutants. However, pristine TiO2 can only absorb the UV fraction of solar radiation which poses significant
limitations, particularly for indoor applications where the intensity of UV radiation is reduced. To address this
problem, doping of TiO2 NPs with various non-metal species has intensively been investigated as an efficient and
simple synthetic method to narrow the TiO2 band gab and shift the absorptioninto the visible region of the solar
spectrum.1 However, the recent classification of TiO2 NPs as suspected carcinogens has created new challenges
regarding the Safe By Design (SbD) synthesis, use and disposal of TiO2-based NPs.2
Results/Discussion
Creative Nano, as a partner in the SbD4Nano project,3 has developed a novel SbD process to produce a seriesof sulfur
doped TiO2/SiO2 NPs using thiourea as the sulfur source.4 Optimization of sulfur doping amount resulted in excellent
photocatalytic activity under visible light irradiation for the degradation of indoor air pollutants. In addition, the effect
of silica incorporation on the photocatalytic properties, as well as the dustiness of S-TiO2/SiO2 NPs was probed to
determine the optimal amount of silica required to maintain functionality and mitigate risk of inhalation exposure.
Interestingly, the surface modification of S-TiO2 NPs with silica, not only served as a SbD approach for managing
potential TiO2 toxicity but also improved photocatalytic activity.
Statement of Contribution/Methods
The samples were structurally characterized by X-ray diffraction (XRD), UV-Vis diffuse reflectance spectroscopy (DRS),
Fourier-transform infrared spectroscopy (FT-IR) and N2 adsorption-desorption isotherms. Furthermore, the
morphological characteristics were determined by dynamic light scattering (DLS), scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). The mass- andnumber-based dustiness indices in the respiratory fraction
(DIRM and DIRN) were measured via the Vortex Shaker method. The most efficient photocatalyst afforded
approximately 80% removal of methyl orange (5h), 26% removal of acetaldehyde (1 h) and 12% oxidation of NO (1 h).
Funding information
This project has received funding from the European Union’s Horizon 2020research and innovation programme
under grant agreement No 862195, “SbD4Nano”
KEYWORDS: MO photodegradation, S-doping, TiO2 nanoparticles, NOx oxidation, safe-by-design
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Sector specific practices and nanosafety alerts for Safe by Design (SbD) in the 3D printing and
paints sectors
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Background, Motivation and Objective
As part of the EU H2020 SAbyNA project, two sector-specific case studies on 3D printing and paints are included for
implementation of the SAbyNA guidance platform for Safe(r)-by-Design (SbD) of nanoforms (NFs) and nano-enabled
products (NEPs). To tailor the platform to the needs of these two sectors, it is firstly important to identify release
scenarios for NFs, activities performed throughout the life cycle for both environmental and human exposure along
with identifying the most commonly used NFs and NEPs. From this, potential nanosafety alerts can be generated and
work guided onto those areas where data is lacking.
Statement of Contribution/Methods
A literature review has been performed for the 3D printing and paints sectors to identify sector-specific activities and
releases of associated nanoforms. Interviews were performed with SAbyNA industrial partners to identify commonly
used NFs/NEPs, activities leading to environmental and workplace release of NFs and current risk management
measures. This has also been complimented by questionnaires to stakeholders.
Results/Discussion
Twenty-eight relevant publications were identified for the 3D printing sector. For the 3D printing sector, the most
commonly used NF is carbon nanotubes, with commonly used polymeric materials including acrylonitrile butadiene
styrene (ABS), polylactic acid (PLA) and polycarbonate (PC). Identified release scenarios identified for 3D printing are:
filament production (weighing, mixing and two extrusion processes), pre-processing (i.e. powder handling, filling, resin
filling, sieving), printing (additive manufacturing), post-processing (i.e. abrasion, handling, curing,
sandblasting/sanding), cleaning and maintenance and finally disposal. There is a high potential for occupational
exposure during pre-processing, cleaning and maintenance. During 3D printing, there is a risk of exposure of NFs and
volatile organic compounds (VOCs) through the inhalation and dermal routes. There are gaps in knowledge for the 3D
printing life cycle including for end of life, the use of nano-enabled products and potential environmental exposure
throughout the life cycle.
Fifty-two relevant publications were identified for the paints sector. Commonly used NFs in the paints sector include
titanium dioxide and silica, with water commonly used as a solvent and acrylic as a binder. Identified release scenarios
during the life cycle of paints include formulation (i.e. synthesis, powder handling, mixing, weighing, treatment steps),
service life of the paints (i.e. brushing, rolling, drying, spraying, sanding, abrasion, weathering) and at the end-of-life
(i.e. incineration, landfill, leaching). There is the potential for high release to the environment and also
occupational/consumer exposure during activities in the service life such as spraying and sanding. Some activities in
the paint life cycle have a low release potential due to the use of enclosed systems and are performed in
solution/slurry, such as during formulation. There are knowledge data gaps on possible NF release and occupational
exposure during the synthesis of NFs, for dermal contact, for mechanical treatment, and on the potential for
environmental exposure during the service life and for the end of life of paints.
Funding information
SAbyNA has received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No 862419.
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Emissions characterization from 3D printing processes using polymeric and CNTloaded
filaments – a SAbyNA case study
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Background, Motivation and Objective
Additive manufacturing sector is developing rapidly as the 3D printing process finds manifold commercial and
industrial applications. Despite the numerous advantages of the 3D printing process such as cost effectivenessand
versatility, concerns arise from the potential adverse health effects that might occur due to the exposure tothe
generated emissions. These emissions comprise airborne contaminants (aerosols and VOCs) which may include
carcinogens and respiratory irritants.1 Moreover, nanoforms used in polymeric filaments, to provide advanced
functionalities to the final product, may pose another hazard as they might get released to the breathing air during
the 3D printing process. In the present work, we study the emissions sourcing from a 3D printer relevant for
commercial and industrial applications.
Statement of Contribution/Methods
A commercially available 3D printer (KODAK Portrait), based on the Fused Deposition Modeling (FDM), was used to
process three different polymeric materials (filaments): one polypropylene based (PP), one conventional
polycarbonate (PC) and a nano-enabled (NEP) polycarbonate loaded with single-walled carbon nanotubes (PCCNTs). For the online monitoring of the emissions in terms of particle number concentration and particle size
distribution during the 3D printing process a Nanoscan-SMPS (TSI; size range 10-420 nm) was used with the sampling
inlet placed inside the enclosure of the machine. Furthermore, size segregated samples were collected using SKC
Sioutas cascade impactor which housed polycarbonate filters for offline electron microscopy analysis. Moreover,
TENAX tubes were used to sample VOC emissions and analyzed by TD-GC-MS/FID (Thermal Desorption- Gas
Chromatography-Mass Spectrometry/Flame Ionization Detector).
Results/Discussion
The two polycarbonate filaments (PC and PC-CNTs) showed a similar emissions pattern during the printing process,
but with slight differences in terms of mean size (86 nm for PC-CNTs and 79 nm for PC) and of particle number
concentration (1.8×105 part.cm-3 for PC-CNTs and 1.4×105 part.cm-3 for PC). These concentrations are in similar
ranges with previous findings of studies investigating emissions from polymeric filaments.1 The analysis of the
airborne particle collection membranes, by electron microscopy, did not revealthe presence of CNTs. From these
results, it may be concluded that the main source of emissions is the process-generated (incidental) particles rather
than the engineered nanomaterials (CNTs). Hence, a minor impact on the emissions in terms of particle number
concentrations is observed when NEP filaments are used (Figure 1).The polypropylene filament without nanofiller
(PP) showed a different emission pattern in comparison to the PC-based filaments, with almost two orders of
magnitude lower emissions in terms of particle number concentration (5.7×103 part.cm-3) and also lower in terms of
mean particle size (52 nm). The lower processingtemperatures (235 ◦C nozzle and 80 ◦C bed) applied during the 3D
printing of the PP seem to have an influenceon the (lower) emissions, when compared to the ones applied during PC
processing (285 ◦C nozzle and 115 ◦Cbed). The analysis of TENAX sorbent tubes revealed the presence of solvent
vapours (isopropanol, ethanol, acetone) and low concentrations of propene and 2 oxygenated species (2hydroxypropyl-, 2-methyl-propenoic acid ester and tri(1,2-propyleneglycol), monomethyl ether). The underlying
mechanisms of airborne particle formation will be discussed based on the acquired results and the current degassing
tests performed in controlled conditions.
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Figure 1. Aerosol emissions in terms of particle size distribution during 3D printing using different filaments
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Towards safety and sustainability in scalable production of semiconducting nanoand nonnanomaterials: Zinc oxide - a case study
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Background, Motivation and Objective
Nano (<100 nm) and non-nano (100-200 nm) semiconducting materials have cutting-edge applications in energy
generation, transmission and storage, sensing, data storage, photonics, environmental protection, cosmetics,
biology, and medicine due to their extraordinary optical, and electromagnetic properties. Worldwide,the demand for
these materials has increased, with special emphasis to semiconductors. The usefulness of zinc oxide (ZnO) has
already been demonstrated in many areas from microelectronics to cosmetics, from medicine to pharmacy.
Recently, a model has been proposed, suggesting improvements in the two main dimensions alongthe value chain
from the process of manufacturing the material to the proposed improvement in its final application - renewable
energy: The VERDEQUANT manufacturing process of ZnO nanoparticles (NPs) has been further developed towards
one which is sustainable, free from fossils, utilizing by-products from cheese manufacturing in a cascaded process
configuration [WO2021046586A1] or a 100% vegan alternative. The usefulness has been demonstrated recently in
a publication (DOI: 10.1007/s10854-021-07524-8) ,mimicking optimum conditions for best efficiency of organic solar
cells (OSCs) by introducing VERDEQUANTTM ZnO NPs as nanodiffusors.
Statement of Contribution: All authors contributed equally to this work.
Results/Discussion
A process of manufacturing of ZnO NPs has been developed that provides high quality and well reproducible
nanoparticles and is considered as being scalable. It substitutes fossil ethylene glycol by a milk derivative or by a vegan
formulation. Such it can reduce GHG emission for up to 90%, compared to the traditional process.The nanoparticles
have been duly characterized. A recent publication presents a hybrid model utilizing simulation in combination with
real-world long-term tests suggests that ZnO nanodiffusors of a certain size distribution contribute to an improvement
in the all over efficiency of the OSC of up to 27.9%. Indirect solar radiation contributes to an improvement in efficiency
of OSCs. ZnO NPs act as nanodiffusors to generate suchindirect solar radiation from the existing solar radiation. Beyond
that, simulations suggest that the OSC’s absorbance is improved up to 26% for specific wavelength ranges.
Funding information: FFG (Austrian Research Promotion Agency) project 871107 (2018-2020)

Fig.1- Towards Safety and Sustainability: Zinc Oxide (ZnO) nano and non-nano (>100 nm) particles: From conventional
sol-gel synthesis in which fossil-based reticulating agent was firstly substituted by a milk derivative, and further, by an
aqueous solution of biocompatible vegetal polymer.
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Optofluidic Force Induction as Process Analytical Technology
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Background, Motivation and Objective
Momentum transfer from light to matter provides the basic principle of optical tweezers, which have been awarded
the Nobel Prize in Physics 2018 (Ashkin, 1997). Most studies have hitherto employed this principle for trapping and
manipulation of single nanoparticles. However, in a microfluidic channel one can also monitorthe effect of optical
forces exerted on ensembles of dielectric nanoparticles, to acquire knowledge about various nanoparticle
parameters, such as size, concentration or material distributions.
Statement of Contribution/Methods
In this paper we present an optofluidic force induction scheme (OF2i) for real-time, on-line optical characterization
of large ensembles of nanoparticles (Hill, 2020). Our experimental setup builds on precisely controlled fluidics as
well as optical elements, in combination with a focused laser beam with orbital angular momentum. By monitoring
the single-particle light scattering and nanoparticle trajectories, we obtain detailednumber-based information about
the properties of the individually tracked particles.
Results/Discussion
We analyse the trajectories using a simulation approach based on Maxwell’s equations and Mie’s theory, in
combination with realistic laser fields and fluidic forces (Kiselev & Plutenko, 2014). We discuss the basic physical
principles underlying the OF2i scheme and demonstrate its applicability using standardized Latex particles with a
pre-determined size distribution as calibration reference. Our measurement scheme is appliedto different particle
systems and evaluated within our theoretical framework, where we also monitor evolutionary processes over large
time scales . This dynamic approach allows for real-time particle sizing feedback which can be used to adapt process
parameters. Our results prove that OF2i provides a flexible work bench for numerous pharmaceutical and
technological applications.
Funding information
This work was supported in part by the Austrian Research Promotion Agency (FFG) through projectLightMatters
870710, the European Commission (EC) through project NanoPAT (H2020-NMBP-TO-IND- 2018-2020, Grant
Agreement number: 862583)
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Fig. 1. Schematics of the OF2i setup. (a) Particles are immersed in a fluid and are pumped through a microfluidic
channel. A weakly focused Laguerre-Gaussian laser beam propagates in the same direction as theparticle flow and
exerts optical forces on the nanoparticles. By monitoring the light scattered by the particles through a microscope
objective, one obtains information about the scattering cross sections and via particle tracking the velocities of
individual particles. (b) Shows an OF2i prototype with a sample preparation and dilution system.
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Background, Motivation and Objective
The increasing production volumes of nanomaterials (NMs) and their various industrial applications in recent years
have highlighted the need to develop advanced control methodologies that can address multiple objectives regarding
the efficacy, functionality and safety of the produced NMs. The complex NM structures and the additional
requirements on achieving high yields and eliminating possible adverse effects to humans and the environment render
the control of NM production processes a particularly challenging endeavor and one of high importance to the wellbeing and sustainability of societies and economies.
In this context, the need to develop functional control schemes that can address the aforementioned objectives and
can tackle complicated systems with multiple inputs and outputs and various sets of constraints is greater than ever.
This work addresses that need by presenting a model predictive control (MPC) configuration for a series of plug flow
reactors that synthesize Ag nanoparticles (NPs).
Statement of Contribution/Methods
The process flow diagram consists of two plug flow reactors. In the first reactor the process of nucleation takes place,
and this is followed by autocatalytic growth in the second reactor. Three flows (solutions of silver nitrate, tannic acid
and sodium citrate) are entering the first reactor and an additional stream of silver nitrate solution is added to the
second reactor. Silver nitrate is the precursor of the NPs synthesis process and tannic acid and sodium citrate act as
reducing and stabilizing agents. The flow rates of the 4 solutions are set to be the manipulated variables of the control
scheme whereas the compositions of those solutions are considered as disturbances in the system.
The process described above is designed based on first principles modeling in a simulation environment using the
Aspen PlusTM software and a dynamic model is extracted by deploying the interface of Aspen Plus Dynamics. This
dynamic model is used to generate a set of experimental data by implementing a series of step tests on the
manipulated variables of the process. A neural network that can accurately describe the dynamic behavior of the
process is trained on the experimental data, providing a nonlinear model of the process and the MPC controller
linearizes that model around the desired operational point. The MPC controller is tuned, tested and validated by its
application on the original first-principles model of the process via integration of MATLAB-Simulink® with Aspen Plus
Dynamics.
Results/Discussion
The production process of Ag NPs in this study leads to the formation of silver NPs with diameters of 50 and 100 nm.
The main objective of the control approach is to ensure that the population of Ag NPs with diameter 50 nm is dominant
in the final product and that the size variance is reduced to a minimum. In this context, two alternative control studies
are conducted. The first one demands that the final flow of Ag NPs with diameter 50 nm in the product stream remains
to its initial steady state value, unaffected by the occurrence of disturbances in the system, whereas the second study
emphasizes on maintaining the total conversion of Ag into NPs and the size distribution between NPs of 50 nm and
100nm to their desired setpoints despite potential deviations in the original concentrations of the input streams.
The results illustrate that the proposed methodology can design functional control schemes for both cases centered
around the nanomaterial production plant regardless of the type of disturbances that occur (measured or
unmeasured) and the number of controlled variables. The designed controllers combine speed and robustness and
can ensure that the production process of Ag NPs will return to its desired setpoints in spite of the effect of
disturbances in the system.
More specifically, in the instance of unmeasured disturbances, the MPC controller performs faster and is more robust
due to wider training options whereas the MPC controller tackling measured disturbances requires more time, which
can be mainly attributed to uncertainties in the internal linear plant. Both control schemes ensure that the setpoints
are achieved with zero offset, but different settling times. Furthermore, the current study showcases that the MPC
controller can efficiently handle constraints and multiple controlled variables. Thus, it is illustrated that the proposed
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MPC configuration is capable of controlling the process of nanoparticle formation and can be easily adjusted to other
nano production applications by adopting the main concept and fine-tuning the parameters of the controller.
Funding information
This work has been supported by the SABYDOMA project which has received funding from the European Union’s
HORIZON 2020 Research & Innovation Programme under grant agreement no. 862296.

Fig. 1. Application
of model predictive
control (MPC)
approach to Safety
by Design in
nanomaterials
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Chlorella vulgaris/TiO2 NPs hybrid nanomaterials: new sustainable by design strategy for
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Background, Motivation and Objective
According to global statistics, a big fraction of the used water (22% in industry, 8% domestic, and 70% in agriculture)
is discharged as wastewater. In this scenario, the development of new effective eco-friendly water treatments
represents a crucial pre-condition for a sustainable advancement aligned with the strategic challenges of the
European Green Deal. Bioremediation has emerged as a potential technology to treat industrial effluents as tertiary
purification and microalgae (dead or alive) can actively remove various heavy metals and dyes. Microalgae are able
to convert wastewaters, CO2, and organic residues in marketable biomass for different uses, including biofuels,
however, new design approaches are needed to push their industrial implementation. This work aims to develop a
new class of hybrid nanomaterials, able to improve microalgae potentialities through their combination with
functional inorganic nanoparticles.
Statement of Contribution/Methods
In response to the need for more effective and
sustainable water treatment technologies, we present a
new class of hybrid nanomaterials usablein downstream
processes. We combined the unique properties of
Chlorella vulgaris microalgae with photocatalytic nano
TiO2. Their interaction at the interface, assessed by Zpotential analyses,promoted the unexplored synergistic
effect of increasing the biomass heavy metal absorption
capability without altering the photocatalytic
performance. The use of dead microalgae enhanced
the process versatility consistent with improved material handling and easier future upscaling. New highly
performant sorbent/photocatalytic materials were produced, paving the way to exciting potentialities in water
treatment application and an increased sustainable perspective, consistent with the European Green Deal strategic
challenges.
Results/Discussion
We produced a new class of hybrid nanomaterials usable in downstream wastewater treatment, by using non-living
C. vulgaris, ensuring the biosorption properties of the living microalgae, but with overall processability greatly
enhanced. C. vulgaris biomass was coupled with TiO2 NPs and the nanosols were treated by spray freeze drying
(SFD), a process able to produce highly reactive granules. A solid physicochemical characterization supported the
preparation and the performance evaluation of the hybrid nanomaterials, emphasizing the key role of C.
vulgaris/TiO2 interaction at the colloidal state. Heavy metal adsorption, tested for copper ions, and photocatalytic
activity, assessed for Rhodamine B (RhB) photodegradation, were evaluated as key performances. The results
pointed out a positive synergistic effect for hybrid samples consistent with the enhancement of metal biosorption
which ranges from 103 mg g-1, for pristine C. vulgaris, to about 4000 mg g-1, for the biomass coupled with the
inorganic nanophase. The photocatalytic activity of thehybrid compound was even advanced in presence of SiO2
NPs, showing a complete RhB conversion after 1 hour and an increased kinetic constant from 8.70 to 10.7 10-2 min-1.
The results pave the way for the integration of these sorbent/photocatalytic hybrid nanomaterials into water
remediation systems from an innovative sustainable design perspective.
Funding information: The research leading to these results has received funding from the project “SOS-Acqua” funded by
the ItalianMinister of Defence within the Military National Research Program PNRM2019.
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Updating the OECD 211 Daphnia magna reproduction test for particle-based toxicant
exposures
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Geography, Earth and Environmental Sciences, University of Birmingham, B15 2TT, UK
2
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3
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Background, Motivation and Objective
Standardised hazard tests have been established and widely implemented to facilitate the comparison of chemicals
under identical conditions to enable assessment and ranking of toxicity response in test organisms. Clear
recommendations are included in the test guidelines for exposure medium and conditions, and this is significantly
more simplified compared to environmental conditions which has historically worked well for chemical based
toxicants. However, the highly reactive surfaces of nanoscale materials mean that they acquirea biomolecule corona
from the local environment/medium which reduces their surface energy and reactivity and thus their overall toxicity.
Including relevant biomolecules in the testing medium allows this corona to form on the particles prior to exposure
and thus creates a more realistic exposure scenario, as without suitable biomolecules in the medium the
nanomaterials will strip biomolecules from organismal membranes which leads to excessive damage and an
overestimation of the toxicity.
Statement of Contribution/Methods
Daphnia magna are a well-established model organism and a freshwater indicator species and have a suite of
established test end points. Exposure to nanomaterials has been shown to lead to reduced growth and delays to
maturation and reproduction with induction of male offspring and epigenetic changes that have been passedfrom the
exposed mothers to their offspring. Currently the OCED test guidelines only assess the toxicity response in a single
generation and therefore the impacts to future generation goes undetected. This could havesignificant impacts on
population dynamics and sensitisation or chronic stress which could reduce ecological resilience under future
pollutant mixtures or climate scenarios.
Building on over 5 years of intensive research utilising the OECD 211 reproduction toxicity in D. magna test[1-3], we
present here a set of recommendations for adaption of the OECD 211 test for testing of micro- and nanoscale
particles, be they of anthropogenic origin (e.g., secondary microplastics) or intentionally produced (engineered
nanomaterials). As part of the EU Horizon 2020 project RiskGONE, these recommendations are also being submitted
to the Working Party on manufactured nanomaterials (WPMN) for consideration as a standard project proposal for
updating of the OECD 211 Test Guideline.
Results/Discussion
1) Reproductive delays
Our experimental findings indicate that exposure to nanomaterials leads to delays in maturity and consequentially
reproduction, resulting in delays to release of the first brood and subsequent broods of exposeddaphnids. An extension
to the test observation timeframe from the current 21 days to 28-30 days would enable a clearer picture to be
established, by capturing the delayed broods that would be missed under the current timeframe. In addition, the
induction of males is also a known toxicity response in Daphnia, and therefore it would be beneficial to capture the
percentage of males, ephippia or fertilised eggs per brood during the test duration.
2) Preconditioning of particles
The use of Daphnia conditioned medium to disperse the particles will allow a biomolecule corona to form prior to the
exposure which will prevent membrane disruption as a result of exposure to unconditioned particlesand therefore
ensures that a more accurate effect concentration can be established. This can be by using medium from the running
Daphnia cultures to exposure the particles, or could be additional Daphnia cultures that are age-matched to the life
stage of the test organisms. Finally, since the toxicity of particles aged in the medium (even if salt-only medium) is
much lower than that of freshly dispersed particles, we recommend testing both freshly dispersed and medium-aged
particles to see the range of potential effects.
3) Internalisation quantification
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The internalised concentration of nanomaterials cannot be predicted using the octanol-water partition coefficients
or equilibrium concentrations, and as such dose-response relationships can only be established experimentally. The
method used to ascertain the internalised concentration will depend on the nanomaterial composition. Inductively
Coupled Plasma Mass spectrometry (ICP-MS) is recommended for quantitative analysis, and we suggest doing this
on organisms before and after 24 hours of depuration in clean medium, inorder to distinguish particles in the gut
lumen versus those embedded in the bush border or internalised by endothelial cells of the gut barrier. The number
of timepoints at which to measure particles can be kept to a minimum (at the end of the experiment for example),
matched to brood timings, or standardised (e.g., days 1,3, 7, 14, 21 and 28) - the implications of these scenarios for
experimental set-up and data re-use potential willbe discussed. Visualisation of the sub-cellular localisation of the
nanomaterials, by Transmission Electron Microscopy (TEM) is also recommended and visualisation of any phenotypic
or morphological changes to the daphnids following exposure to the nanomaterials, such as loss of tail length,
presence of lipid deposits, changes to appendages or eyes etc. is also recommended, and such images have already
been used to developpredictive models based on deep learning [4]. Inclusion of mechanistic endpoints such as
genotoxicity (e.g., Comet assay) is also recommended, with the goal of extracting maximum information from chronic
studies.

Figure 1: Left: Illustration of the impact of nanomaterials on the life stages of Daphnia, including delaying the first
and subsequent broods compared to the timings for the untreated controls. F0 is the parent generationin a multigeneration study Right: Comparison of eggs produced during parthenogenic (asexual) reproduction versus eggs
produced from sexual reproduction under stress conditions.
Funding information
Experimental work underpinning these recommendations was funded via a Natural Environment Research Council
grant (NE/N006569/1) and the EU H2020 projects NanoSolveIT (Grant Agreement nº. 814572) and RiskGONE (Grant
Agreement nº 814425). Computational work was performed within EU H2020 projects NanoSolveIT (Grant
Agreement nº. 814572) and NanoCommons (Grant Agreement nº 731032).
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Wine fining: study on nanostructured mesoporous titania thin layers for adsorption of low
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Background, Motivation and Objective:
Low molecular weight protein contents in wine such as chitinases and thaumatin-like proteins can cause the
formation of haze due to changes in temperatures during delivery and storage. To avoid this inconvenient, wine
makers usually treat wine with bentonite, an absorbent swelling clay consisting mostly of montmorillonite. This
adsorbing material is not selective and together with low molecular weight proteins absorbs as well important
molecules depauperating the wine from flavors and color. Moreover, bentonite finingcauses a wine loss higher than
5% and the production of a large quantity of waste material (lees). This study is related to the engineering and testing
of titania nanostructured mesoporous thin layers supported on glass spheres with the aim to obtain a selective,
reusable, and sustainable material as an alternative to bentonite in wine fining. This material could be used for wine
fining in a flow device as reported in patent WO2019202480A1.
Statement of Contribution/Methods:
Food grade glass spheres were functionalized with titania nanostructured mesoporous thin layers. Wine was left in
contact with the spheres and thentapped and tested for wine protein adsorption. Heat-test (Australian Journal of
Grape and Wine Research 24, 504–511, 2018) of wine was performed before and after contact with the titania layer
to verify its stability: the possibility to form haze due to coagulation of protein with change of temperature or with
time. Pierce Protein Assays analysis were used to determine the amount of protein adsorbed by the nanomaterial
when in contact with the wine. UV-Vis analysis was performed to detect changes in wine color due to contact with
the absorbing material.
Results/Discussion:
White and rosé instable wines were treated with the functionalized spheresand the heat-test indicated that the wine
was stabilized after one hour of contact with the spheres. Pierce analysis indicates that the treatment eliminated 5 to
10% of wine protein content. UV-Vis analysis showed that the color of the wine was slightly affected by the treatment.
Tests on depauperating of flavors molecules are ongoing. For what concerns the sustainability of the process,
preliminary experiments indicate that the functionalized sphere can be reused for several times after a regeneration
step. The spheres can be recovered when exhausted and re-functionalized.A major concern was related to the titania
release in wine due tothe contact with the thin layer of nanomaterial. ICP tests were performed on treated wine: the
amount of titania presents in thewine after the treatment was of the order of ppb, comparable to the level of titania
present in native wine (Molecules 2018, 23, 2886).

Figure 1 Functionalised spheres in contact with rosé wine (from Prof. U. Fischer DLR Rheinpfalz, DE). Figure 2 SEM image
of TiO2 nanostructured mesoporous functionalized surface

Funding information: ERA-NETs SUSFOOD2 and CORE Organic Cofunds Joint Call 2019 “Towards sustainable and
organicfood systems”, Mild Innovative Treatment for Wine Stabilisation, “MI WINE” Id.87.
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The fundamentals of the chemistry of Platinum Group Metals (PGMs) are the basis of production of large number
of advanced materials with application in many industrial fields, such as catalysts, fuel cells, metal winning
electrodes, dental alloys and even semi-conductors. PGMs have high melting points, high heat and corrosion
resistance, as well as unique catalytic properties. One of the main PGMs applications is production of equipment
for environmental protection, such as automotive catalytic converters and exhaust catalysts. PGMs are among of
the least abundant Earth's elements and are considered as critical raw materials (CRMs) as their annual worldwide
production is not enough to satisfy the growing PGM industrial demand. Thus, the development of effective
recycling technologies for PGM-containing secondary raw materials are of great importance to ensure the
sustainable supply of these precious metals. However, numerous questions regardingPGMs chemistry have been
raised in respect to increase the effectiveness and sustainability of PGMs recovery.
Mechanical treatment is widespread as a technique utilised to improve PGMs extraction or recycling rate. However,
mechanochemistry is a branch of chemistry concerned with chemical and physico-chemical changesof substances of
all states of aggregation due to the influence of applied mechanical energy. Thus, the term “mechanochemistry”
addresses the effects of mechanical energy on treated materials and the resulting mechanochemical reaction
induced by the direct absorption of mechanical energy. So, mechanochemistry complements the conventional
methods of activation of chemical reactions by heat, irradiation and electrochemistry. Despite a recent interest in
mechanochemistry, it remains far less well studied and understood in comparison to conventional methods of
energy input. Whilst mechanochemical methods are mainly solvent free and can therefore lead to improved
sustainability metrics, it is more likely that the significant differences between reaction outcomes, reaction
selectivity and reduced reaction times will make it a technique of interest to PGM recovery. Herein, we provide
mechanochemistry reaction examples, directlycompared to respective solvent-based reactions, which show that
appropriate mechanical treatment can be applied to reach reduced reaction times, different reaction outcomes in
product selectivity and in some cases different reaction products, including products not accessible in solution. In
such cases, PGM recovery process (i.e. PGMs oxidation/reduction pathways) could be completely changed under
mechanical treatment. Thus, the term “mechanochemistry of PGMs” is connected to the ambitious goal of the
research team to investigate thepossibilities to apply mechanochemical reactions as a main or single step of PGM
recovery, including one-potmaterial processing.
Funding information
The authors gratefully acknowledge the financial support of the Bulgarian National Science Fund at the Ministry of
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for Sustainable Industry” (Mech@SustInd), supported by COST (European Cooperationin Science and Technology).
This article is based on the project activities of H2020-MSCA-RISE-2020 101007669: Chemistry of PlatinumGroup
Metals, CHemPGM.
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Background, Motivation and Objective
The production of nano-coated textiles is growing faster due to the wide applications for these goods. Furthermore,
the COVID-19 pandemic has increased the demand for producing efficient materials against microbes and viruses,
including protective clothing and facemasks. Additionally, the costs related to nosocomial infections push industries
to develop antibacterial materials with high efficiency and low cost. In particular, microbial resistance to antibiotics is
an important problem that draws attention towards antibacterialnano-products. On the other hand, the release of
nanoparticles from goods and during manufacturing is a matterof concern from an environmental and human health
point of view.
In the present work, silver nanoparticle water dispersions were prepared by an eco-friendly and easily scalableprocess
and deposited to fabrics by a spray-coating process. In order to identify the design options that better promote a
safe-and-sustainable-by-design application, different process variables were linked to key performance indicators
such as antibacterial activity and washing fastness (through abrasion and washing tests).
Statement of Contribution/Methods
Silver nanoparticles were synthesized at room temperature from a solution of AgNO3 in water by means of
hydroxyethyl cellulose which acts also as a capping agent, according to the patented procedure (Patent WO
2016125070). The silver nanoparticle dispersions were applied to polyester fabrics by an industrial spray coating plant
varying nanoparticles concentrations (0.01, 0.05, and 0.1 % wt.) and flow rate (200 and 400 ml/min). The coated
fabrics were tested in terms of antibacterial activity (ASTM E2149-13a) and performance durability assessed after
stresses simulating the use: abrasion (according to ISO 12947-3), and washing (according to ISO 105-C06 A1S).
Results/Discussion
All the spray-coated fabrics showed excellent antibacterial efficacy (100%). The stabilities of the coating to washing
depend on both the concentration and flow rate used in spraying. At the highest concentrations, the flux appears to
be the main parameter affecting the antibacterial activity after washing with an antibacterial efficiency >90% even
after 10 washing cycles. Optimal abrasion stability was assessed for the coating on all the fabrics. In fact, even for
50.000 abrasion cycles (fabric end-of-life), the antibacterial efficiency was 86% for a flow rate of 200 ml/min and 9798% for the samples coated by the highest flow rate.
Funding information
This work is part of the ASINA project that has received funding from the European Union's Horizon 2020 research
and innovation programme under Grant Agreement No. 862444.
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The objective of the CHemPGM project lies on the conduction of a fundamental research regarding the chemistry of
Platinum Group Metals (PGMs) and utilization of the obtained knowledge to improve and secure the PGMs value chain.
PGMs, namely platinum, palladium and rhodium, are among the least abundant of the Earth's elements and are
classified as critical raw materials (CRMs). However, they have witnessed a substantialrise in global demand as they are
a key element in various technological applications, including environmental protection equipment, such as
automotive catalytic converters (ACCs), jewelry, investment, electrical, chemicaland dental applications respectively.
The ultimate objectives of the project are the establishment of fundamentalknowledge regarding the chemistry of the
PGMs and the corresponding reactivities during leaching, separationand recovery processes; the understanding of the
mechanisms during the utilization of secondary materials to extract PGMs and their incorporation into new materials
and processes such as nanomaterials, catalysis and CO2 capture; knowledge creation, providing high-quality education,
training and lifelong learning for all. Our contribution to this field focuses on the upgrading of existing processes and
the development of new ones, aligned with sustainable principles, to ensure a circular operation model of the relevant
industries.
The investigation of the PGM value chain takes place in lab-scale where the advanced characterization and
investigation of the leaching mechanisms of the PGMs from different materials, such as automotive catalysts and
industrial residues, take place through various techniques (XRD, SEM, Raman, ICP-MS) to determine the metal content
and the mineralogy. After the leaching and the successful determination of the metal speciation, the next steps involve
the separation, precipitation and recovery of the PGMs using solvent extraction, ion exchange and selective
precipitation techniques. The explored and optimized conditions, as a result of the completion of the project activities,
lead to a better understanding and further consideration of the current PGMs leaching technologies towards more
efficient and sustainable future ones and evaluate the potential to create new eco-conscious applications and PGMcontaining engineered materials. All the developed processes and the potential technological improvements due to
the implementation of the CHemPGM project, are studied for their sustainable character and their implementation in
circular businesses. Moreover, importance is given to the development of the necessary regulation regarding the
PGMs value chain and the update of the existing one.

Figure 1. ChemPGM methodological approach.
HemPGM amplifies the expertise of the organizations and the potential for innovation to its stakeholders and those
inter-related with it. The secondees gain valuable experience and knowledge on the topic which broaden their fields
of expertise and make them develop new skills, important for their overall advancement. The outcomes of the research
activities to be carried out provide substantial knowledge in all related fields on the Platinum Group Metals, which are
beneficial for the European Union leading in securing its supply chain in PGMs.
Acknowledgements: This project has received funding by the European Union’s Horizon 2020 research and innovation
programme under the Marie-Sklodowska-Curie grant agreement No 101007669.
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Background, Motivation and Objective
Nanomaterials may be viewed as a key enabling technology with potentially large benefits to society – either by
improving existing functionality of currently available materials or by adding completely new material functionality in
nano-enabled materials. There are, however, potential risks to human health and environment associated with
nanomaterials, that go beyond the risks commonly associated with chemicals. Stakeholders have difficulty navigating
the complicated landscape of risks to human health and environment associated with nanomaterials and there is a
need to be guided towards the right information, guidance, data, methods, and tools.
In the past two decades, a significant corpus of nano-related research has been developed in order to refine and
complete risk assessment, evaluation, and risk management frameworks. However, governance information and
strategy, data, models, tools, and guidance relevant to nanomaterials is still scattered and in continuous development
across numerous organizations. This is reflective of the research project-based development trajectory and use of
outcomes is at best fragmented and on a case-by-case basis. Better findability and access to these key elements of risk
governance could improve their use.
The objective of this presentation is to outline the design of a Nano Risk Governance Portal (NRGP) and associated IT
infrastructure that will inform, facilitate, and support the risk governance of nanomaterials and nano-enabled projects.
Statement of Contribution/Methods:
This presentation is the result of a series of meetings of a core group consisting of participants of three nanogovernance projects funded through the European Union Horizon 2020 NMBP-13 programme. Discussions were held
on requirements to overall functionality, the contents of the portal, and an architecture for technical implementation.
Finally, the operation and governance of the envisioned Nano Risk Governance Portal and digital infrastructure was
discussed.
Results/Discussion:
We introduce a vision and options for a common Nano Risk Governance Portal (NRGP) and associated IT infrastructure
supporting the risk governance of (engineered) nanomaterials and nano-enabled products. We describe several
elements of such a digital portal, which serves as a single entry for all stakeholders in needs of or interested in nanorisk governance aspects. In its simplest form, the NRGP is envisioned to allow users to be guided towards general
information about nanomaterials, risk governance, guidance documents, harmonized methods for risk assessment,
publicly accessible data, and a directory of tools to assess the exposure and hazard of nanomaterials, perform safeand sustainable by design assessment, or conduct overall nano-risk governance. In its most ambitious form, a web
portal may be envisioned in conjunction with key interactive and interoperable cloud platform(s) as an interactive
digital repository where data, models, tools, and guidance can be catalogued and where some of them can be made
available and interoperable. A system prepared to include new or similar (cloud) platforms and/or decision support
systems would align with “good governance” objectives. The portal will be implemented as a web-based application
linking either directly other digital systems, such as a dataset website, or through application programming interfaces
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(APIs). Finally, we reflect on the envisioned NRGP and digital infrastructure with respect to updating and incorporating
new elements that may become available in the near future, as well as currently associated assessment and
governance tools and platforms.
Funding information:
Supported by H2020-NMBP-13-2018 RiskGONE (Grant Agreement no 814425), NANORIGO (Grant Agreement no
814530) and GOV4NANO (Grant Agreement no 814401).
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Background, Motivation and Objective
Clean water is essential for life, and ensuring the availability and sustainable management of water and sanitation
became in 2015 one of 17 Sustainable Development Goals (SDGs) world leaders agreed upon in order to achieve a
better world in 2030 [1]. Traditional water purification processes involve high use of chemicals that cannot eliminate
pollutants such as Persistent Organic Pollutants (POPs) and the new generation pollutants called Emerging
Contaminants (EC): antimicrobials, animal and human hormones [2], micro - nano plastics (MNPs) [3] and detergents.
In this work we took advantage of nanotechnologies to provide more effective responses to water challenges.
Photocatalysis was investigated as a possible green alternative to advanced oxidation processes (AOPs) in wastewater
treatment, able to degrade organic and biological pollutants.
This work proposes 3 key points of innovation in
orderto identify the best design options leading to a
Safe andSustainable by Design (SSbD) application.
•
implementation of Life Cycle Assessment
(LCA) and Technical Economic Assessment (TEA)
models for the comparison of 4 photocatalysts
differing by chemical composition.
•
scale-up of a semi-pilot photoreactor for
the integration of nano-photocatalysts supported by
fabrics.
•
development of experimental models,
predictive of the functionality of nano photocatalysts and of their (eco-) toxic potential.
Fig. 1. semi‐pilot plant

Statement of Contribution/Methods
We tested/developed 4 different nano photocatalysts: commercial titanium dioxide nanosol (TAC), synthesised
graphiticcarbon nitride powder (g-C3N4); nanosol of titanium dioxide coupled with silica dioxide by heterocoagulation
(TiO2- SiO2) and titanium dioxide-graphene oxide powder obtained by sonochemical method (TGO). The
photocatalysts wereimmobilised as coating on fabric substrates by dip-pad curing process and integrated in a semipilot plant (6L, Fig. 1)designed to optimise a system suitable for waste water treatment. The tested photocatalysts
were assessed, through different experimental models, in order to predict their functionality and provide acellular
descriptors for the evaluationof oxidative stress in cells [4]:
•
rhodamine B dye discoloration under UV or Visible light irradiation, as a model of organic pollutants
degradation (RhB model) [5];
•
p-nitrosodimethylaniline assay, specific for the assessment of OH· radicals reactivity (RNO model) [6];
•
thiol group assay (Ellman reagent) to evaluate the oxidation of Glutathione (GSH) and Cysteine (Cys) as
probesof cell oxidative stress (GSH/CyS model) [7].
Results/Discussion
Different design cases, defined by material and photocatalytic process variables: composition of photocatalyst,
sourceof irradiation, temperature of exercise, were compared and linked to different performances. The results
together withimpacts assessed through LCA/TEA models allowed us to identify the best options, supporting safe and
sustainable application. In Figure 2 is shown an example of comparison between different photocatalysts, irradiated
under UV light, in a water dispersion batch, and the performance attributes collected through the investigated
experimental models. What is interesting to know is that the trends of consumption of RNO and GSH/CyS are
comparable, confirming the OH· production mediated reactivity, in contrast with the degradation trend of RhB,
therefore, the best rationale regarding the oxidation seems to be the direct electron transfer between RhB and
positive TiO2 holes. From a first analysis, TiO2:SiO2 1:3 (F) resulted the most promising sample, compared with other
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photocatalyst at the same totalpowder concentration, provided almost the same efficiency of TiO2 reference powder,
despite the reduced concentrationof TiO2 (dilution 1:4), in front of a negligible tendency to produce OH· radicals and
consume natural antioxidants of cells (GSH and Cys) [8].
Photocatalytic efficency
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Note. TiO2:SiO2 1:3 (F) = 0.1 g/L of composite material; TiO2:SiO2 1:3 (T) = 0.1 g/L of TiO2.
Fig. 2. results of test carried out under 120 min UV irradiation – photocatalyst concentration 0.1 g/L, RhB concentration 7 ppm,
TiO2 DT51 used as reference material [9].
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NInChI / SciDataCon session
Setting the scene: the need for and challenge of developing a machine-readable
representation of nanomaterials
Iseult Lynch
University of Birmingham, UK
Chair of InChI Trust Working Group on a Nanomaterials extension to InChI

Nanomaterials (NMs), with their diverse geometries and structures, multiple layers and components, and dynamic
surfaces cannot be represented as a chemical graph and pose a conceptual challenge to development of a machinereadable structural representation.1 Their 3D structures, the close correlation between size and properties, the
emergence of quantum properties at sub-30 nm scales, and their very high surface to volume ratios relative to the
bulk, mean that NM representations require information on their chemical composition, physical, and structural
features. An additional complication is the dynamic nature of their properties, that are influenced by the surrounding
environmental chemistry (salts, biomolecules), temperature, time, or other external factors. Thus, a text
representation for NMs must include information on its size, shape, internal structure, and surface characteristics that
may include molecules chemically attached or physically adsorbed to the surface.
We present in this session an update on the wide-ranging discussions on how best to accomplish the extension of the
IUPAC International Chemical Identifier (InChI) to represent nanomaterials. The initial approach and a first NInChI
generator2 were published by Lynch et al., 20201, but still represent a proof of concept in a very early stage of
development, and does not yet take advantage of the Auxiliary Information (AuxInfo) concept widely used by other
InChI extensions such as Reactions InChI. The session will cover progress towards developing the technical specification
and the software to generate Nanomaterials InChIs, via the Nanomaterials InChI working group of the InChI Trust and
the CoDATA working group to integrate the Universal Description system for NMs into the nano-extension of InChI.
The goal is to become an official InChI standard extension in the near future, leveraging best practice from the related
extension working groups such as Mixtures InChI, Reactions InChI and Polymer InChI.
1. Lynch et al., Can an InChI for Nano Address the Need for a Simplified Representation of Complex
Nanomaterials across Experimental and Nanoinformatics Studies? Nanomaterials 2020, 10(12), 2493;
https://doi.org/10.3390/nano10122493
2. http://enaloscloud.novamechanics.com/nanocommons/NInChI/

Nomenclature Activities at Standards Developing Organizations
Fred Klaessig
Pennsylvania Bio Nano Systems

An overview will be given of past and present nomenclature efforts at ASTM International’s E-56, ISO’s TC-229
Nanotechnologies and IUPAC efforts. In general, each of these standards developing organizations (SDOs) has made
incremental progress among their respective academic and industrial sub-committee members, but each has been
delayed by the inability to have face-to-face meetings. Though scientists representing regulatory agencies do
participate at the Committee-level, their role is to understand the scientific consensus that forms before deciding on
adjustments needed to comply with national laws. An explanation will be offered that all of these efforts have a shared
challenge in defining surface states (shells, layers, coatings, adsorbates and their compositions) and will likely differ in
their recommendations in terms of granularity; examples being: a). differentiating between chemisorbed and
physisorbed constituents or b). distinguishing between characteristics required for identification from those regulators
associate with toxicity
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Describing Nanomaterials: Minimum Information Requirements for Being Precise
John Rumble
R&R Data Services, Gaithersburg MD, USA

All description systems have two primary goals: Establishing the unique identity of an object and defining the basis to
identify two or more objects as equivalent. The first goal is obvious. A competent description system allows one to
knows precisely which object, among the universe of all possible objects, is being specified (or discussed, described,
studied, etc.). The second goal is equally practical. If the equivalency of two or more objects is established, then
information on their characteristics can be aggregated for comparison or other analysis. This is especially true for
nanomaterials for several reasons. Nanomaterials have only recently (last few decades) been studied, and it is not yet
clear which characteristics are most important for determining their properties and activity. Second, materials on the
nanoscale can have dramatically different characteristics upon seemingly minor alterations (in size, shape, chemistry,
surfaces, etc.). Finally, nanomaterials description systems can have different perspectives, including scientific,
application oriented, and methodological. This presentation discusses these topics, using the CODATA Uniform
Description System for Nanomaterials to illustrate present-day status of and challenges to successful description of
nanomaterials.

ChemDX and MatDX: big-data web services for chemists and materials scientists

Jungho Shin, Seunghun Jang, Gyoung S. Na and Hyunju Chang
Korea Research Institute of Chemical Technology (KRICT), 141 Gajeong-ro, Yuseong-gu, Deajeon, South Korea
Fax: +82-(42)-860-7363 E-mail address: jungho@krict.re.kr
Data-driven approach in chemistry and materials science has been accelerate by emergence of useful datainfrastructures based on FAIR data principles for the last ten years. In order to facilitate utilization of these datainfrastructures, the data integration and classification of numerous kinds of metadata related to properties of small
compounds and materials are required, and then it helps this community to perform more accurate prediction by
artificial intelligence techniques.
ChemDX(Chemical Data eXplorer), web-based chemistry-related platform, integrated four important subjects into one
place as a gateway, for data-driven approach in this field: (1) MatDX that can search and utilize material data, (2)
ChemAI, an AI platform specialized in materials field, (3) KCB, chemicals data platform for drug development, and (4)
MRA Toolkits that can predict the toxicity of chemical mixtures. MatDX (Materials Data eXplorer) has been developed
and focused on such integration and classification about material composition, compound, structure, property and
applications. For the integration of various metadata, MatDX has been developed as a kind of a data warehouse
solution which can be a useful strategy for connecting multiple databases. Material tags have been introduced to
search and view detailed information for interesting materials in an easy and quick way. Analysis functionality
visualizes statistical relationships between materials data in an interactive way. ChemDX and MatDX are ready to be
used through the address of https://chemdx.org and https://materials.chemdx.org.

Mixture Risk Assessment Database on Combined Toxicities and Exposures of Chemicals and
Mixtures

Jongwoon Kim*, Myungwon Seo, Sunmi Kim, Young-Min Lee, Minju Na, Jiwon Choi, Kyounghee Kang
Chemical Safety Research Center, Korea Research Institute of Chemical Technology (KRICT),
141 Gajeong-ro, Yuseong-gu, Daejeon, 34114, Republic of Korea.
*Correspondence: jkim@krict.re.kr

The focus of regulatory chemical risk assessment is mainly placed on single substances rather than their mixtures
although humans and the environment can be exposed to mixtures. The toxicity of different chemicals presenting at
their no observed effect concentrations can be caused by combined effects (e.g., additivity, synergism, and
potentiation). Over the last ten decades, many combined toxicities have been reported in the fields of toxicology and
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pharmacology. Any changes in mixture compositions can influence the combined toxicity and exposure, and
experimental toxicity tests for all conceivable mixtures are unfeasible due to their extremely large number. Thus,
predictive models (e.g., quantitative structure-activity relationships, and machine learning based models) can be
useful in the process of mixture risk assessment in terms of predicting or screening potential cocktail effects. However,
publicly available databases on the combined toxicity and exposure are very rare. In this study, the first version of a
web-based Mixture Risk Assessment Database (MRA DB) was constructed on the basis of the meta-study to provide
systematic data on combined toxicities and exposures of chemicals and mixtures to support developing data-driven
prediction models, basically. The MRA DB is composed of two sub-databases: Combi-Tox DB and Combi-Expo DB. The
Combi-Tox DB includes mixture toxicity values and experimental conditions of different chemicals (e.g., industrial
chemicals, pharmaceuticals, biocides, nanomaterials, personal care products, etc.). The Combi-Expo DB has exposure
values and experimental conditions on migration and emission rates of semi-volatile organic compounds (e.g.,
plasticizers, flame retardants, antioxidants, insulators, etc.). The MRA DB currently provides more than 3,000 and
1,500 toxicity data for chemicals and mixtures, respectively; and 2,094 migration and emission data for chemicals. The
MRA DB will be published on the web in 2022, and continuously updated with more various chemical compositions,
target species and endpoints.

Simulation Paradigm Shift to the Platform: Materials Square
Minkyu Park1
1
Virtual Lab, 6F 38 Wangsimni-ro, Seongdong-gu, Seoul, Republic of Korea
E-mail: minkyu.park@matsq.com

Computer-aided research plays an important role in the entire field of study along with the paradigm of digital
transformation. Metallurgy, ceramics, chemistry and biotechnology, as well as the semiconductor industry, have
introduced computer simulation to increase yields and discover new materials. Research paradigm should be changed.
In few decades, simulation-based research has attracted attention with the development of computational power and
the efficient methodologies, called “In Silico Approach”. Rather than finding a target by experimenting sequentially,
you can experiment with a sample with high probability first via In Silico Approach. Despite these advantages, there
are many barriers to introduce simulation to the research, such as expansive equipment, domain knowledge for
computational science and complex Linux environment.
Materials Square [1] is a cloud-based simulation platform, it provides everything you need for cutting-edge
materials/chemical simulation platform including simulation modeling, computational server and analysis, with a
cloud- based intuitive user interface. In this presentation, I would like to introduce innovative simulation platform,
Materials Square.
References
[1] https://www.matsq.com

The IUPAC International Chemical Identifier (InChI)
Gerd Blanke
Technical Director of the InChI Trust, Cambridge, UK
StructurePendium Technology GmbH, Essen, Germany

Abstract:
The IUPAC International Chemical Identifier (InChI) is a non-proprietary publicly available identifier for chemical
substances that has gained major attraction for the representation of primarily organic structures for the last 2
decades. With the upcoming release, major enhancements are planned to open the InChI for inorganics and
organometallics, to represent more complex cases of stereoisomers (“enhanced stereochemistry”) and to better
standardize tautomers. Based on the standard InChI, special identifiers have been developed for mixtures (Mixture
InChI / MInChI) and reactions (Reaction InChI / RInChI). This talk presents the ideas behind MInChI and RInChI to lay
the base for the further discussion how a Nano InChI (NInChI) may be defined.
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NInChI prototype server

Andreas Tsoumanis , Anastasios Papadiamantis , Thomas Exner , Georgia Melagraki , Iseult Lynch and Antreas
Afantitis
NovaMechanics Ltd, 1065 Nicosia, Cyprus
School of Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham, UK
Seven Past Nine GmbH, 79650 Schopfheim, Germany
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The IUPAC Identifier for Chemicals or InChI allows representation of 3D chemical structures in a machine readable
format. Work to develop an extension of InChI to represent nanomaterials (NMs) has been underway for the last two
years within the NanoCommons and NanoSolveIT projects, including the implementation of a prototype
demonstration of the generation of NanoInChIs or NInChI, called NInChI alpha to indicate that it is a pre-standard and
not yet an official InChI extension. NInChI offers huge potential to drive FAIR nanosafety data, facilitate
nanoinformatics workflows, grouping and support regulation of NMs.
Based on the concept of NInChI alpha, a prototype version of a NInChI tool has been implemented and launched
(http://enaloscloud.novamechanics.com/nanocommons/NInChI/). While still at an early stage and not supporting all
features yet, readers and the wider scientific community can access the tool and review both the NInChI as well as the
tool implementation. The prototype tool was built using the ZK framework employing Java in the backend. InChIs
corresponding to small molecule components in the shells are retrieved using the standard InChI generator. The tool
is provided through a user-friendly interface where a non-experienced user can easily build an NInChI for the NM of
preference. The development team is currently working towards the beta version, including establishment of
connections with well-established chemical databases and concepts. For example, UniChem and PubChem allow users
to create links between structures and identifiers in different sources on the basis of complete overlap of their
InChIKeys (i.e., similarity of the structures), and using the 'layered' structure of the InChI to discern relationships
between atoms in the molecules. There is currently no such approach for NMs, meaning that all sizes, shapes and
surface compositions (i.e., all nanoforms) of a NM of a particular composition share the same InChI (if they have one)
as the bulk material. The proposed extension of the InChI for NMs is being prepared for submission to the InChI Trust
for conversion of the current beta version into the official 1.0 NMs extension of InChI.

Fig. 1 NanoCommons NanoSolveIT NInChI Server
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Track 2: Nanoinformatics & Data
Representation requirements and possible extensions to NInChI to facilitate the
development of data-driven structure-property models
Kostas Blekos1, Kostas Chairetakis1, Iseult Lynch2 and Effie Marcoulaki1
1
Institute of Nuclear and Radiological Science and Technology, Energy and Safety, National Center for Scientific
Research “Demokritos”, Athens, Greece
2
School of Geography, Earth and Environmental Sciences, University of Birmingham, Edgbaston, B15 2TT
Birmingham, United Kingdom
Background, Motivation and Objective
Nanotechnologies and nanomaterials (NMs) are among the key enabling industrial technologies, with significant
potential for addressing societal challenges in the 21st century. During the past decades, there wassignificant
public and private investment to study potential environmental and human health risks of NMs, leading to the
development of advanced experimental methods for generation of extensive nanotoxicity data. The rapidly
developing field of nanoinformatics covers a variety of computational and decision making tools for data
management and for the extraction of useful (predictive) information from available experimental datasets.
The lack of a standardized semantic characterization of the structural features of NMs and their extrinsic
properties makes it difficult to aggregate, curate and evaluate data from different sources and use them for
simulations or for training new models, and to have confidence that datasets relate to the same or similar
materials, and as such can be integrated meaningfully.
The current work responds to the growing need for data normalization, NM description, and protocols for
entering, curating and representing data and datasets in NM databases, acknowledging the importance of
having a widely used representation for NMs, to facilitate machine-based applications. We surveyed current
representation approaches and build concrete extensions to these that provide standardized methods for NMs
representation and reporting.
Statement of Contribution/Methods
As a prerequisite, the work defines a set of requirements for a NM representation system that could support
data management, similarity assessments and complex search queries in databases, as well as the development of
data-driven robust predictive tools. The proposed approach also aims to provide the theoretical backgroundto
consider more complex NM systems. As a proof of concept implementation, this work further proposes aset of
extensions to existing NM representations.
To devise appropriate representation extensions, we first extract the representation requirements by performing a
two-stage analysis in order to (a) define the requirements for a NM representation that could facilitate the
development of data-driven structure-property models, and (b) identify a set of descriptors to focus on, and
propose extensions to make them more fit for structural representation and to facilitate machine-based
applications. The principles set out in this work after this analysis can be summarized by three crucial featuresthat
lead to a machine-friendly representation: “accuracy”, “completeness” and “flexibility”. Then, our analysis
considers the structural descriptors most commonly used in NM databases, as well as in simple datasets
dedicated to the development of specific prediction models. Among the descriptors investigated, we identified
those that showed a high usability rate but either failed to accurately describe all use cases or lacked a
standardized representation. We then investigated the potential of the InChI implementations, like the recent
NInChI [1] on the representation of these descriptors according to the requirements set out in this work.
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Results/Discussion
Through our analysis we identified key challenges which we grouped into categories according to the strategy
used to address them. We proposed 5 extensions that aim to address the identified key issues while conforming
to the set goals. The extensions are as follows:
1. an extension to describe distributions; this extension should be available to be applied everywhere
where a real number needs to be represented,
2. an extension to the morphology layer that bypasses the categorical variables,
3. an extension on the way that mixtures and interfaces are represented, based on the introduction of
logical operators that apply on other already defined layers. This is built on top of the mixture-InChI[2],
having the goal of also facilitating the representation of defects,
4. an extension for structured comments that allows consistent and uniform capturing of auxiliary
information and facilitates database curation, and finally
5. an extension that allows the definition of macros and shortcuts, allowing the definition of reusable,
parametrizable and human-readable components.
There are still several open issues at various levels, for example for the representation of NM morphologies,
and related to the handling of missing values for mandatory fields. The incremental approach applied here is
the key to address these.
Our approach provides the needed framework, according to the principles set out, to enable the systematic
building of representations able to depict the complexity of NMs and to address current challenges in machine
processing of NM data. It would be advantageous for a NM representation to be as compatible as possible with
other standardized representations like InChI and its extensions to mixtures, reactions and NMs. So, the details and
specific forms of the proposed extensions need to be discussed with and approved by the NM communityand
other stakeholders involved in the stages of development, implementation and adoption of a standard
notation. To this end, the authors participate actively in relevant discussions as members of the IUPAC InChI
Trust working group on extending the InChI to NM applications.
Funding information
This work was partly funded via the EU H2020 projects NanoInformaTIX (grant agreement No. 814426),
NanoCommons (grant agreement No. 731032) and NanoSolveIT (grant agreement No. 814572).
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The role of digitalization in the safe and sustainable design of manufacturing
nanoprocesses. Conceptual framework and first results of the ASINA project
Jesus M. Lopez de Ipiña1, Gabriel Aznar2, Alberto Lopez2, Marco Altin3, Franco Belosi4, Joonas Koivisto5, Sonia Florez6,
Anna Costa7
1
TECNALIA - BRTA, 01510 Miñano, Spain; 2TECNALIA - BRTA, 50018 Zaragoza, Spain; 3WITEK, 50142 Firenze, Italy;
4
Consiglio Nazionale delle Ricerche - ISAC, 40129 Bologna, Italy; 5APM, 2100 Copenhagen, Denmark; 6TECNALIA - BRTA,
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Background, Motivation and Objective
European industry is undergoing a significant transformation towards a greener and more digital industry while
remaining competitive in a global market. The digital optimization of processes, with an emphasis on operational
excellence, represents a driver of transformative change and an opportunity to achieve safer, moresustainable, and
competitive processes capable of manufacturing Safe and Sustainable by Design (SSbD) products. Nanotechnology
processes although emerging, cannot be foreign to this twin transition. As part of the ASINA H2020 project (GA
862444), Digital Twin (DT) technology is being explored with a focus on safenanoprocess design and operation along
life cycle. A DT prototype for implementation in a spray coating industrial line that manufactures commercial n-TiO2
and n-AgHEC coated textile and plastic photocatalytic substrates, is under development, with the aim of optimizing
in real time the manufacturing process and preventing and reducing airborne emissions and exposures to nanoobjects and their agglomerates and aggregates (NOAA).
Statement of Contribution/Methods
The sustainability diagnosis of the spray coating nanoprocess and the establishment of improved objectives based
on the implementation of DT technology, was carried out with the OASIS-SNF tool (OASIS project, GA 814581). ISO
12100 standard and CCPS-AIChE guidelines were used to integrate the DT approach into the SbD conceptual
framework. The DT architecture was designed in accordance with ISO 23247. Advancedsensor technologies for the
measurement of particulate matter based on low-cost sensors and softsensors, Industrial Internet of Things (IIoT)
and Artificial Intelligence (AI) are being used for the construction of the DT. The characterization of the airborne
emissions and exposures of the spray coating process has been carriedout through a combination of direct reading
instruments (DRI) (e.g. mobility- and optical sizes, particle counters, and diffusion chargers) and
environmental/personal sampling devices, complemented with offsite analysis (gravimetry, ICP-MS,SEM). The spray
coating industrial process selected by ASINA is located in thecompany WITEK (Florence, Italy).
Results/Discussion
The ASINA project has produced an architecture for DT, based on three layers (Data collection and device control
domain, DT domain and DT user domain), under the umbrella of ISO 23247. For the first layer, an IIoT prototype for
real-time measurement of airborne particles, based on low-cost sensor modules deployed in the process (to be
complemented by softsensors), has been successfully developed and tested at WITEK againstreference sensors (DRI).
In the short term, new tests will be carried out both in WITEK, and on the pilot linesof the OASIS project to test the
prototype in other scenarios. In parallel, an in-depth characterization of the emissions and exposures of the process
has been carried out, through two measurement campaigns and the development and validation of an exposure
model. These results provide valuable inputs for the construction of the DT. Optimizing the performance of the
coating process to prevent and control emissions and potential exposures to NFs, monitor airborne emissions and
occupational exposures by inhalation, as well as predict andalert on the level of risk, will be the key functionalities to
be deployed by the ASINA- DT. This technology could be used in the design stage of a new nanoprocess or in the
adaptation of an existing one (substantial modification).
Funding information
The projects ASINA and OASIS have received funding from the European Union’s Horizon 2020 research and
innovation programme, under grant agreements Nº 862444 and 814581. This paper reflects only the authors’ views,
and the Commission is not responsible for any use that may be made of the information contained therein.
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Developing and documenting PBPK models for nanomaterials: a TiO2 case study
Periklis Tsiros, Haralambos Sarimveis
1
School of Chemical Engineering, National Technical University, Athens, Greece
Background, Motivation and Objective
Biokinetics are a valuable tool for predicting the internal distribution of a nanomaterial (NM) in an organism, which
can be of particular importance in a risk assessment workflow. Physiologically-basedpharmacokinetic (PBPK) models
are a major class of mechanistic biokinetics models consisting of compartments representing real organs and tissues
that enable interspecies, intraspecies, route, time anddose extrapolations. PBPK modelling of NMs is a challenging
endeavor, because their interaction withbiological structures is based on engineered properties like shape, size, and
surface properties, resultingin a complex distribution of kinetics.
Statement of Contribution/Methods
A key player that defines the biodistribution of NMs inside an organism is the mononuclear phagocyticsystem (MPS),
with phagocytic cells, e.g. alveolar macrophages, splenic macrophages and kupffer cells,constituting a major clearance
mechanism. Several structural approaches for modeling thephagocytizing cells were explored in a TiO2 case study,
where a PBPK model for describing the biodistribution of 20 nmTiO2 NMs after inhalation was developed.
Results/Discussion
The structural model consisted of 9 tissue compartments, each divided into three subcompartments, namely the
capillary blood, tissue interstitium and phagocytizing cells. A more detailed representation was used for the respiratory
system for accurately describing the inhalation exposure (Figure 1). Saturation was considered the most appropriate
mechanism for modeling NM uptake by phagocytizingcells, which uses the overload theory to simulate the saturation
of the uptake process. Substance-specifickinetic parameters were calibrated by fitting the model on rat inhalation data
and the model was subsequently extrapolated to humans using a naive approach, by scaling all physiological
parameters. Several PBPK development guidelines and documentation templates (e.g. MODA) were investigated, and
the model development challenges and data needs for achieving regulatory acceptance of NM PBPK models were
analysed.
Figure 1: Schematic presentation of the
structural model.

Funding information: This work received funding from the European Union's Horizon 2020 research and

innovation programme via the NanoCommons Project under grant agreement number 731032 and the
NanoSolveIT Project under grant agreement number 814572.
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Introducing the European Registry of Materials Identifier: a global, unique identifier for
(undisclosed) nanomaterials
Jeaphianne P. M. van Rijn1 and Egon Willighagen1
1
Dept of Bioinformatics – BiGCaT, NUTRIM, FHML, Maastricht University, The Netherlands
Background, Motivation and Objective
To make nanosafety research easier to reuse, it needs to comply with a number of requirements.[1] The FAIR
(findability, accessibility, interoperability, and reusability) principles, address many important aspects, including the
need to assign a globally unique and persistent identifier (F1), the need for qualified references to other (meta)data
(I3), and even data quality under the need to meet domain-relevant community standards (R1.3). But it all starts with
knowledge and data to be findable and interoperable. Interoperability being essential for combining data, a core
aspect of modern IATA approaches.
Within the nanosafety community, the need was recognized for a persistent, unique identifier for nanomaterials, to
enable the projects to apply the FAIR principles to research output [1-4]. This to ensure that internal project
documentation can later be linked to publicly released data and knowledgefor the specific nanomaterials, or even to
specific batches and variants of nanomaterials utilised in thatproject. A practical need from the nanosafety projects is
that the identifier can be used without disclosing sensitive or embargoed information, but did allow linking of
knowledge in a clearly defined way. Existing identifiers may not always be applicable, or sufficient to identify the
specific nanomaterial utilised in a particular study, e.g. of batch differences. Therefore, several EU NanoSafety Cluster
projects decided to create their own, modelled on similar efforts in the pharmaceutical industry [5,6]. This gave rise
to the European Registry of Materials (ERM) Identifier [7].
Statement of Contribution/Methods
The recent ERM paper [7] describes the background to this new identifier, including FAIR interoperability as defined
by FAIRSharing, identifiers.org, bioregistry, and the CHEMINF ontology; how it complements other identifiers such as
CAS numbers and the ongoing efforts to extend the InChI identifier to cover nanomaterials; and provide examples of
its use in various H2020-funded nanosafety projects.
Results/Discussion
This presentation presents the developments of the ERM and examples of how various nanosafety projects use the
identifier. It also discusses how it integrates with other FAIR approaches, like schema.org/Bioschemas with the
ChemicalSubstance profile, linked data and knowledge graphs, and how it helps us make nanosafety research findable
in general and specific search engines, which we will demonstrate with a Jupyter notebook. There is no conference
which is more perfectly aligned with our target audience than this one, so above all, we hope to showcase the added
value of the ERMidentifier and encourage everyone in the nanosafety community to integrate using the ERM identifier
into their daily routine.
Funding information
This research was funded by the European Union Horizon 2020 Programme (H2020) under grant agreement nº 731032
(NanoCommons), and grant agreement nº 862195 (SbD4Nano). We also thank all contributors to the ERM project so
far.
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Background, Motivation and Objective
Instance maps have been designed to represent nanomaterial fate and transformations across their life cycle and to
structure data curated from literature for the CEINT NanoInformatics Knowledge Commons (NIKC) database1. These
maps and the corresponding file templates were then adopted by the NanoFASE project2 fortheir project-wide data
collection and were used for upload of the data to the NanoCommons Knowledge Base3. However, both approaches
applied the instance maps to already completed studies, either from the literature or the partner labs, with the goal
of aligning the data to a database schema for public sharing. In line with NanoCommons’s overall goal of embedding
data management activities much earlier in the experimental process4, integrating the instance maps more directly
into the study design, protocol development and on-the-fly (meta)data recording can bring additional advantages,
e.g., when presenting complex studies to others, as part of (meta)data completeness, and for reporting or retrieving
specific information from one part of a study.
Statement of Contribution/Methods
A new graphical user interface was created for the easy generation of instance maps, representing the life- cycle stages
of the materials, but also to provide more detailed views on the individual experiments for characterization of the
materials, their surroundings and the organisms being tested. To be able to report and/or link information about the
used protocols to the instance maps, new categories of nodes, besides instance, property, material and medium nodes
as defined by NIKC, were introduced for transformation protocols leading from one instance to the next as well as
sample preparation, measurement and processing protocols to describe experiments following the approach
proposed by the ACEnano project5. All of these nodes are now linked to information resources, which can be
(meta)data templates, data files in any standardformat or protocols as text documents, or even better as links to
electronic lab notebooks.
Results/Discussion
The extended version of instance maps has been shown to be beneficial for describing studies of varying complexity,
from single experiments and smaller single-lab studies to highly complex, multi-stage mesocosm experiments and
collaborative multi-site research and testing like round robins. Linking the toolinto the ecosystem of data management
infrastructure, and combining it with standardised (meta)data curation templates and electronic lab notebooks, will
simplify and speed-up study documentation and integrate FAIRification approaches (starting already at the study
design stage), leading to experimental (or computational) data packages that are pre-formatted for direct upload to
relevant data warehouses.
80

Funding information
This work has received funding from the European Union Horizon 2020 Programme (H2020) under grantagreement nº
731032 (NanoCommons, www.nanocommons.eu).
https://ceint.duke.edu/research/nikc
http://www.nanofase.eu/
3
https://ssl.biomax.de/nanocommons/cgi/login_bioxm_portal.cgi and https://nanocommons.github.io/userhandbook/data-management/data-resources/NanoCommons-KB/
4
Papadiamantis et al., Metadata Stewardship in Nanosafety Research: Community-Driven Organisation of Metadata
Schemas to Support FAIR Nanoscience Data. Nanomaterials 2020, 10 (10), 2033. 10.3390/nano10102033.
5
http://www.acenano-project.eu/news-events/34-release-of-acenano-knowledge-warehouse-data-collectionmethods-optimisation-and-knowledge-sharing
1
2

Figure 1: Instance map of a mesocosm experiment with links to information resources for the protocols and
(meta)data, as well as license and contributor information as needed for FAIR data sharing.
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Background, Motivation and Objective
Graphene-based materials (GBM) are a broad family of novel carbon-based nanomaterials suitable for many
nanotechnology applications. However, the increasing market of these materials raises concerns on their possible
impact on human health, especially via the inhalation route in occupational settings. Several studies have focused on
the assessment of the influence of different physico-chemical properties, such as dimensions, number of layers and
carbon-to-oxygen (C/O) ratio, on the toxicity of GBM. However, the broad variability of materials and cellular systems
used preclude the identification of physico-chemical parameters that could drive the toxic response to GBM. Here, we
evaluated the in vitro cytotoxicity and genotoxicity of four reduced graphene oxide (rGO) material with different C/O
ratio towards human bronchial cells.
Statement of Contribution/Methods
The physicochemical characterization of the selected rGOs was conducted by means of oxygen content, microscopy
and spectroscopy analyses. The effect on viability of human bronchial epithelial (16HBE14o-) cells was evaluated by
the WST-8 assay, whereas the effects on reactive oxygen species (ROS) production by the fluorescent DCFDA probe.
Preliminary ATP-luminometric cytotoxicity assays were carried out to choose the range of concentrations to be tested
in the genotoxicity assays. Then, the in vitro genotoxicity of the four materials, was evaluated towards human
bronchial epithelial (16HBE14o-) cells by the micronucleus (MN) test (assessing chromosome damage) and the comet
assay (assessing DNA damage).
Results/Discussion
Each material presented a different oxidation state, ranging from 1 to 12 % oxygen. According with the WST-8 assay,
all the materials significantly reduced cell viability after 3 and 24 h exposure (EC50 values ranging from 4.6 to 30.8
µg/mL), with slightly different potencies not dependent on the C/O ratio content. A similar observation was evidenced
by the analysis of ROS production but highlighted the capability of all the materials to significantly increase ROS level
after 3 and 24 h exposure. The results obtained by the in vitro comet assays seem to indicate that none of the materials
induced DNA damage after exposing 16HBE14o- cells to 1.5-50 µg/mL, for 3 and 24 h. Regarding the MN test, two
rGOs showed an increase in MN frequency after exposing cells to 1.5-50 µg/mL, for 24 h. However, the genotoxic
response did not correlate with the content of oxygen of the materials.
In general, these results suggest that C/O ratio content does not have a key role in modulating rGO toxic effects on
bronchial epithelial cells. Other analyses are currently in progress to determine if other key physico-chemical
properties may have a major impact, giving potential new insights on GBM safe-by-design.
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Background, Motivation and Objective
Technological advances have resulted not only in the development of a multitude of novel and complex nanomaterials
(NMs), but also in an exponential growth of available data. While the unique properties of NMs have led to a large
number of commercial applications, a paucity of comprehensive risk and hazard data may lead to adverse effects for
humans and the environment. Full exploitation of the available data using in silico tools can assist with NMs assessment
and the development of safe-by-design approaches, leading to specific Integrated Approaches to Testing and
Assessment (IATA) [1-3]. The NanoSolveIT project (www.nanosolveit.eu) uses available NM databases and libraries,
identifies and fills existing gaps and exploits these data to develop tools that address the needs of regulatory agencies
and industry to understand and predict the exposure, hazard, and risk from NMs and nano-enabled products, and
facilitate computational ‘safe-by-design’ approaches to NMs development.
Statement of Contribution/Methods
Publicly funded research is an invaluable resource, particularly large EU funded projects, as they are uniquely capable
of generating large datasets and providing great opportunities to exploit the data produced for development of
machine and deep learning models. Unfortunately, a substantial amount of the data is scattered and unavailable to
access and reuse. To address this issue, several EU funded projects have established well-characterized NM libraries
(e.g., NanoMILE, NanoSolutions, NANoREG, NanoFASE, caLIBRAte, NanoTEST) containing physicochemical
characterisation (e.g., particle size and shape, surface functionalisation, chemical composition, solubility, ζ-potential)
and/or biological hazard endpoints (e.g., cytotoxicity, genotoxicity, transcriptomics, toxicogenomics), produced in
many cases using harmonised methods, standards and test guidelines, e.g., from OECD or ISO. The NanoSolveIT project
uses these and other data and has developed tools and models for the design of safer NMs or for the identification of
NMs properties that drive hazardous phenomena. These tools are offered publicly via the NanoSolveIT cloud platform
(cloud.nanosolveit.eu).

Fig. 1 NanoSolveIT Cloud Platform
(cloud.nanosolveit.eu)
Results/Discussion
During the first 40 months of the
project, NanoSolveIT partners have
generated 30 models, provided user-friendly interfaces for all the tools as a key step towards their integration into the
overall IATA and cloud platform, and worked extensively on the specifications for the cloud platform. Several other
computational tools and models are currently under development by NanoSolveIT partners and will become available
in the latter stages of the project. NanoSolveIT partners have led or contributed to 53 peer-reviewed publications and
editorials to date (https://nanosolveit.eu/resources/library/), and many more are in advanced stages of preparation,
leading to a high visibility of the project and its outputs. Almost all of these publications are open access, including
deposited in the relevant institutional repository and made available via the green open access route, in accordance
with the Open Data pilot.
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Background, Motivation and Objective
The growing production and use of engineered nanomaterials (ENMs) leads to their increasing exposure to the
environment and interactions with ecosystems at different trophic levels. Once ENMs are released into aquatic
systems, they will inevitably interact with microorganisms, invertebrates and fish, posing a potential risk to these
aquatic species. Bioaccumulation is a key component in regulatory decisions on potential environmental risks of ENMs.
Research in the field of ENM bioaccumulation has increased in recent years but the compilation and statistical analysis
of the available experimental data has not been updated since the review by Hou et al. (2013). We therefore
performed a meta-analysis of the existing laboratory and field data on the bioaccumulation of eight types of nondissolvable ENMs (TiO2, Al2O3, Au, C60, fullerenes, carbon nanotubes, FeOx, graphene, polystyrene) in non-mammalian
freshwater aquatic organisms across three trophic levels including phytoplankton, zooplankton and fish. Three typical
endpoints were used to assess the bioaccumulation potential: the bioconcentration factor (BCF), the bioaccumulation
factor (BAF) and the biomagnification factor (BMF). This systematic review included and examined not only type of
ENMs and taxa, but key factors affecting changes in bioaccumulation, including exposure scenarios, fish tissues,
functional feeding groups, exposure concentration, type of ENMs, and physico-chemical characteristics of the ENMs
(size, functionalization, zeta potential, and shape).
Statement of Contribution/Methods
A systematic review and selection of the relevant literature was conducted according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analysis) guidelines. After screening, 525 endpoints were collected from 98
studies with 38 to 60 entries for each endpoint, depending on how detailed the experimental conditions, the physicochemical parameters of the ENMs and the number of tissues were reported. To evaluate differences across multiple
groups of data, we performed a one-way Analysis of Variance (ANOVA) to compute p-values and the Tukey-Kramer
post hoc approach to test the pairwise difference. When only two groups of data needed to be compared, a T-test was
applied. A p-value < 0.05 was considered statically significant.
Results/Discussion:
Our results suggest that zooplankton has greater mean logarithmic BCF and BAF values than phytoplankton (3.31 vs.
1.42) and fish (2.04). ENMs are biomagnified in zooplankton with a mean BMF of 17.38 whereas trophic transfer from
primary consumers (zooplankton) to secondary consumers (fish) is not observed (mean BMF of 0.13). No clear
dependency was identified between the physiological-chemical characteristics of ENMs (e.g. primary particle size,
hydrodynamic diameter or zeta potential) and bioaccumulation, except for coated vs. uncoated particles accumulated
in phytoplankton. Carbonaceous ENMs were found to be more bioaccumulated than the other ENMs, except TiO2. The
meta-analysis of bioaccumulation data can i) deepen the understanding of bioconcentration, bioaccumulation and
biomagnification of ENMs, ii) be used to support grouping strategies as a basis for a safer-by-design approach for
ENMs, iii) and be integrated into comprehensive hazard and risk assessments, and iv) promote the standardization of
testing guidelines, and v) enhance the future kinetic bioaccumulation modelling.
Funding information: This work was supported by the European Union’s Horizon 2020 research and innovation
program under grant agreement 814426 (NanoInformaTIX).
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Background, Motivation and Objective
The large diversity of (multi component) nanomaterials (NMs) used in nano-enabled products has made their case-bycase safety assessment very demanding in terms of resources. It has been widely accepted by regulators, industries,
and scientists that implementing robust approaches for similarity assessment as a basis for grouping could help to
optimise testing costs and the use of experimental animals. The grouping of similar substances can indeed enable read
across of essential information for both safe by design and regulatory risk assessment purposes. To support the
grouping of nanoforms in the EU H2020 SUNSHINE project we proposed a novel approach for similarity assessment
based on subspace clustering, which has been applied for modelling key inter-component and nano-bio/eco
interactions and Modes of Action of multi-component advanced NMs.
Statement of Contribution/Methods
Generally, in silico models for similarity assessment and grouping/read across of NMs exploit Machine Learning (ML)
techniques, including clustering algorithms that automatically group data according to similarity in descriptors.
However, a general issue is that as the number of descriptors increase, the similarity assessments became less
meaningful. To address this issue, typically either feature selection or feature transformation techniques are adopted.
Subspace Clustering, on the other hand, is an extension of Clustering, where clusters are searched in different (possibly
overlapping) combination of descriptors, called Subspaces.
The added value of our method is that it finds overlapping clusters in data subspaces, then it predicts an endpoint or
categorizes an untested NM extracting information from NMs that appear in the same cluster(s) by training a Support
Vector Machine (SVM). Test data is projected in each subspace, and if it lies within the Applicability Domain of the
model trained in the subspace, the endpoint value is predicted. The final prediction is the (weighted) average of all
predictions for a sample.
Results/Discussion
To test the model, we selected data from five previous published studies, and applied our methodology, comparing
the reported results with the obtained ones and to results obtained training a SVM model after applying Principal
Component Analysis (PCA).
Our approach was able to provide better or comparable results with respect to already published ones when applied
to existing datasets or on new data, and generally better results compared to the model trained with SVM after PCA.
Thus, Subspace Clustering have been shown to be a promising tool for both read across and categorization purposes.
Funding information
SUNSHINE project has received funding from the European Union’s Horizon 2020 research and innovation
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Background, Motivation and Objective
Nanoparticles (NP) and other nano-engineered materials (NEMs) entering the human body induce the formation of a
nano-bio interface, which is the result of a complex and dynamic interaction that takes place amongst the nanoparticle
surface and a variety of biomolecules, especially proteins, forming a protein corona (PC).[1] Recently, studies of the
biophysical properties of the nanoparticle protein corona (NP-PC) have become a major area of research.[1] It is
important to understand, characterise and model the biophysical properties and the molecular interactions related to
the NP-PC. Protein-nanoparticle interactions are driven largely by corresponding biophysical and, often, biochemical
changes.[1]
The protein corona formation has many consequences that mainly alter the physiochemical properties of the
nanoparticle surface due to the protein that binds on the nanoparticle.[2] It is important to understand them since
nanoparticles become ubiquitous.[3] Understanding these changes can only be achieved from detailed atomic studies,
however, detailed molecular studies which are lacking at the moment. [4] That is why here, our overarching aim is to
build a multiscale framework using both atomistic/CG simulations, in order to model and probe the detailed
physiochemical properties of proteins interacting with nanoparticles.
Statement of Methods
We developed a multiscale approach that brings together the atomistic structures of both proteins (i.e., available from
experimental databases such as PDB or from molecular homology modelling) and nanoparticles (i.e., structures refined
from DFT studies) to build atomistic models of protein-protein and protein-nanoparticle interactions in the NPs protein
corona. The approach uses initially classical atomistic molecular dynamics (MD) to refine the protein structures and
asses their conformational space, followed by coarse-grained molecular docking simulations to investigate the
interaction of the NPs with proteins. This approach allows the calculation of new biophysical descriptors for the
biomolecular corona layers of nanoparticles (e.g., the fraction of hydrophobic or hydrophilic surface areas) that are
required for assessing NP-cell interactions and nanotoxicity in different biomolecular and biological environments.
Results/Discussion
We start with initial atomistic molecular dynamics (MD) simulations of proteins abundant in the corona. The problem
in using directly (i.e., without MD refinement) the structures that are available experimentally (e.g., in the Protein Data
Bank) is that it may not be the exact structure of the protein. We thus use MD simulations to find the corresponding
average structures, as well as the main outlier structures (i.e., most different from the representative ones)
corresponding to proteins of interest in modelling the NP-PC.
Docking of proteins is the next important step of this project. Here, we determine the formation of protein corona and
protein interfaces, by docking in various combinations the homo-oligomers and hetero-oligomers that can be formed.
In a second step, we dock the protein on the nanoparticle and then we analyse the resulting structural models of
protein corona formation.
These structural models of NP corona regions, allow us to calculate new biophysical descriptors such as: SASAH, SASA+,
SASA-, shape-based parameters, etc., that we have analysed. Our method for computational/theoretical prediction of
structural models of NPs covered by protein coronas also provides detailed atomistic description of the hard and soft
corona regions, surface residues (e.g., charged patches), concave/anisotropic coverage of NP surface, spatial
distribution of proteins in the corona, protein-NP and protein-protein interactions, etc.
Funding information:
This research has received funding from the European Union’s Horizon 2020 research and innovation program under
grant agreement No 814426 (NanoInformaTIX project). VKA is grateful to acknowledge SIRAT PhD scholarship from
the School of Physics, University College Dublin.
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Background, Motivation and Objective
Adverse Outcome Pathways (AOPs) are designed to provide mechanistic insights into toxicological processes after
exposure to a stressor and facilitate the replacement of animal studies with in vitro testing systems. Starting with a
Molecular Initiating Event (MIE) and ending with an Adverse Outcome, the sequence of Key Events (KEs) span across
biological levels, but the majority of KEs in AOP-Wiki describe molecular and cellular processes.
That suggests that established transcriptome-wide studies can be used to validate or measure a multitude of KEs
simultaneously and be a goldmine of useful information about cellular responses.
Currently, in toxicology, omics technologies are used primarily for hypothesis generation and are not widely applied
in risk assessments of chemicals because of their complexity and lack of consensus on aspects such as standardization,
analysis and interpretation.
Statement of Contribution/Methods
To study this, we performed case studies on liver steatosis and mitochondrial complex I inhibition, for which mAOPs
were developed and public transcriptomics datasets were selected. Upon extension of the mAOP networks in
Cytoscape, we mapped and analysed transcriptomics data, and calculated an enrichment score for individual KEs.
Further interpretation of the data was done through the visualisation of the data on the specific molecular pathways.
Results/Discussion
mAOPs were developed and KEs were linked to the appropriate molecular pathways, allowing detailed exploration of
molecular processes with the selected transcriptomics datasets. This has shown us that we can verify the activation of
specific MIEs and KEs, and assess progression across the AOP in the steatosis case study. Unexpectedly, the
mitochondrial complex I inhibition case study showed only enriched MIE activation at low dose exposure of rotenone,
and not with the higher dose.
These case studies have shown that transcriptomics data can be used for identifying potential activation of KEs.
However, it is also clear that data is sparse and the process of linking molecular pathways and KEs has its challenges.
While proven valuable, pathways linked to KEs appear to show inconsistent levels of activation and should be looked
into and refined. More case studies are required to optimize the approaches used for the development and use of
mAOPs with transcriptomics datasets.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation program under
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Background, Motivation and Objective
Nanomaterials (NMs) and nanoparticles (NPs) are important in many technological areas ranging from agriculture,
medicine to energy and electronics industries. Despite our heavy reliance on NMs, some of themcan have a toxic effect
on the environment and on biological systems. Nevertheless, their potential use as drug-carriers in the body highlights
the importance of understanding their interaction with proteins. Therefore, estimating binding energies of various
proteins to NMs is vital. To this end, various potential mean force (PMF) calculations have been previously studied. At
the same time, it has been found that instrinsic and extrinsic material descriptors can be correlated to biological
activity and cytoxocity. These can serve as the input data for machine learning models, i.e. QSARs, through which
correlations between these descriptors and binding energies of biomolecules at the NM surface can be found and used
to predict bindingenergies for new materials. In this work, we present a database of calculated descriptors for several
common NM surfaces. This is done in order to find correlations with biological activity
Statement of Contribution/Methods
We employ various theoretical approaches to obtain the intrinsic descriptors of NMs. Density functional theory (DFT)
calculations are performed in the SIESTA package to obtain the bandgap values of all bulk NMs. Namely, the density
of states obtained from the DFT calculation at the generalized gradient approximation using the PBE functional are
analyzed to determine the size of the bandgap. The heat of formation, absolute hardness, electronegativity, dispersion
energy, dipole moment, Mulliken electro- negativity, Parr and Pople absolute hardness, and polarizability descriptors
are obtained using the semi- empirical PM6-D3 with the MOPAC package. The extrinsic (interfacial) descriptor
describes the relative enthalpy of immersion of a periodic surface NM slab (e.g. metals, metal oxides, and carbonbased NMs) in water and octanol. Therefore, we employ molecular dynamics through the GROMACS package using
e.g. CHARMM force fields in order to obtain the enthalpies of the unsolvated NM slab, of the solvent (water or octanol)
and of the solvated NM slab i.e. metals, metal oxides, and carbon-based compounds solvated in octanol or water. The
hydrophobic or hydrophilic nature of the NM could help predict the likelihood of its binding to a protein.
Results/Discussion
An experimental data set created by the group of Dario Greco at Tampere University, containing 585 experimental
instances, was updated with the intrinsic and extrinsic properties in order for an OMICS analysis to be done through
which correlations with biological activity can be found.
Moreover, we calculate the same descriptors for the SmartNanoTox data set and update the existing databasefor the
prediction of protein adsorption energies using neural networks.
Funding information
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Background, Motivation and Objective
Nowadays, computαtional approaches can be used in order to provide a direct insight at the properties of complex
polymer-based materials across multiple spatiotemporal scales. Molecular simulations in particular have the
advantage of accurately describing the chemistry of the systems under study, and of predicting their behavior at the
molecular level. However, the study of polymers via molecular simulations is a very challenging field, due to the broad
spectrum of the underlying length and time scales.
Statement of Contribution/Methods
Here, we present a hierarchical multi-scale methodology for predicting the macroscopic properties of polymer-based
nanostructured systems, that involves atomistic and coarse-grained simulations. The coarse-grained (CG) models are
derived through a “bottom-up” data-driven strategy, using information from the detailed atomistic scale, for the given
chemistry. The systematic linking between the atomistic and the chemistry-specific CG scale, allows the study of a
broad range of molecular weights, for specific polymers, without any adjustable parameter [1-3]. At the same time,
machine learning (ML) algorithms have been developed to re-introduce atomic detail in the CG scale, and thus
obtaining atomistic configurations of high molecular weight polymers [3].
Moreover, we propose a new hierarchical parameter-passing simulation approach for predicting the distribution of
mechanical properties of glassy polymeric matrix composites with reinforcements fillers, based on a systematic nanomeso-macro scale coupling between atomistic MD simulations, homogenization approaches and continuum models
[1].
Results/Discussion
We apply the entire methodology to polymer nanocomposites and polymer melts [1,4,5]. For all systems we provide
a detailed study of their dynamical and rheological macroscopic properties. For the polymer melts, we report
predictions about the self-diffusion coefficient of polymer chains, the relaxation modulus and the zero shear-rate
viscosity, as a function of molecular length probing the transition from oligomers, to Rouse-like, up to the wellentangled systems.
Concerning the polymer nanocomposites, we examine the structure and the dynamics of polymer chains at the
polymer/nanoparticle interphase, by probing directly the density and the conformations of polymer chains, as well as
and the segmental and terminal dynamics of the adsorbed, “bound” layer. In all cases the results are compared against
experimental data and theoretical predictions.
Funding information
European Union’s Horizon 2020 research and innovation programme (grant agreement no. 810660, SimEA)
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Advancing our understanding of plastic fragmentation in the environment through a
mechanistic model of micro- and nanoplastic fragmentation
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Background, Motivation and Objective
The potential for plastics to degrade and fragment towards nano-sized particles in the environment is raising concerns
about the divergent fate, hazard and risk of different sized plastic particles. For example, nanoplastics may more
easily permeate biological membranes, and follow different fate pathways enabled bytheir tendency to aggregate to
natural environmental particles. However, there is limited understanding of the fragmentation process and the
influence of different environmental stresses in altering the susceptibility of plastics to fragmentation. We are
addressing this by developing an open-source mechanistic model of Micro and NanoPlastic degradation and
FRAGMentation in the ENvironmenT - FRAGMENT-MNP.
Statement of Contribution/Methods
Figure 1 shows a conceptualisation of how plastic degrades and fragments in the environment, whereby
degradation stresses such as photolysis, hydrolysis, biodegradation and temperature alter the chemical and
physical state of polymer particles, potentially making them more susceptible to fragmentation by mechanical
forces. The magnitude of these stresses varies amongst environmental compartments. We use this
conceptualisation to model fragmentation, whereby we define a fragmentation rate that is a function of the
degradation state of the polymer, polymer type, particle size, and mechanical power input.

Figure 1. Conceptual representation of how plastics degrade and fragment in the environment.
This conceptualisation forms the basis for our model and experimental work to provide data to the model.

To parameterise our model, we are performing degradation and fragmentation tests to produce an experimental
database of fragmentation rates and size distributions for a broad range of polymers that have undergone
photolysis, hydrolysis and biodegradation at different temperatures, followed by mechanical disruption. To validate
model results, we are subjecting polymers to single and combined stresses, includingsand abrasion of degraded
microplastic and soil lysimeters to simulate environmental conditions.
Results/Discussion
Herein, we will present the first version of the FRAGMENT-MNP model, including indicative results demonstrating
the use of the model and highlighting the importance of certain parameters in determining plastic fragmentation.
This work will help us gain mechanistic insights into fragmentation rates and resultingsize distributions of various
polymers under realistic environmental conditions, providing a significant step forward in our understanding of
plastic fragmentation and nanoplastic pollution in the environment.
Funding information: This work is funded by the European Chemical Industry Council Long-Range Research Initiative
(Cefic-LRI), project number ECO59.
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Cross-selling Nanosafety Modeling Tools: Susceptibility Differences of Respiratory Epithelial
Barriers to SARS-CoV-2 Transmission by Virion-laden Aerosol Particles in the Adult and
Juvenile Human Lung
Sabine Hofer, Norbert Hofstätter, Albert Duschl, and Martin Himly
Div. Allergy & Immunology, Dept. Biosciences & Medical Biology, Paris Lodron University of Salzburg, Hellbrunner
Strasse 34, 5020 Salzburg, Austria
Background, Motivation and Objective
Within the past decades, a battery of modeling tools has been developed in the nanosafety field that now contribute
to a more comprehensive assessment of nano-related risk. In silico tools for examination of particle retention in the
respiratory tract, as deployed for nanomaterial exposure assessment, may be applied ‘off target’ for the investigation
of multiphase aerosol deposition, containing nanoscale virus particles. Virus shedding via SARS-CoV-2-laden aerosols
and inhalation by susceptible individuals is a major route of transmission in COVID-19. The particularities of such
multiphase aerosols, in combination with the human respiratory morphometry and ventilatory pattern determines
the preferred sites of SARS-CoV-2 inoculation and first replication, and the quantum delivered to respiratory epithelial
barriers. Deposition preferences of such aerosols (hot spots of deposition) may explain observed differences in SARSCoV-2-pathogenesis in the upper or lower respiratory tract, resulting in mild vs. severe disease. The higher metabolic
demand of children, their juvenile lung morphometry and the resulting ventilatory pattern may give room for
differences in age-specific susceptibility.
Statement of Contribution/Methods
In silico modeling including Multiple Path Particle Dosimetry (MPPD) was performed to gain detailed spatially resolved
information about virion-laden respiratory aerosol particle deposition and to identify deposition hot spots in the
human lungs, with consideration of the age-specific lung morphometry and ventilatory pattern. The physicochemical
properties were determined, and the size distribution of aerosols originated from exhalation maneuvers breathing
and vocalization and reflecting different anatomical origins were used for modeling. A top-down refinement approach
was employed, to provide age-specific deposition heat maps (lung lobes vs. lung generations) [1].
Results/Discussion
The results of our aerosol lung deposition modeling present evidence for deposition hot spots in the alveolarinterstitial region of the human adult lungs, with a predilection for the secondary pulmonary lobules and a preference
to the lower lobes of both lungs. This localization coincides with that of in vivo observed initial chest CT anomalies, the
ground glass opacities, a result of local confined inflammation and an indicator for a pulmonary phase in COVID-19,
thus a higher disease burden. These hot spots are absent in the juvenile lung. Our results suggest that (i) disease
initiation in the alveolar-interstitial region upon inhalation of virion-laden aerosols is linked to pathogenesis [1] and (ii)
that children are intrinsically protected against SARS-CoV-2 inoculation right there and the risk of a pulmonary phase
increases with age [2], as depicted schematically in Figure 1. Given that lung deposition modeling as deployed here,
which necessitates to be applied for correlating inhaled nanoaerosol doses in vivo with cell-delivered doses and in a
further step requires transformation into in vitro administered doses (exposure dose-to-biological endpoint bridging),
render such type of nanosafety tools valuable for cross-selling in cases of sudden need, such as during the past COVID19 pandemic.
Funding information
This work was supported by the Allergy-Cancer-BioNano (ACBN) Research Center of the Paris Lodron University of
Salzburg (PLUS) and the EU H2020 projects NanoRigo and NanoCommons (grant numbers 814530 and 731032,
respectively).
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Figure 1. Age-specific relative inoculum quantum for thoracic regions (Bronchial, Bronchiolar, Alveolar-interstitial)
epithelia [2].
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Oral Presentations - Wednesday 22nd June
Track 1: Hazard, Exposure and SSbD
Occupational risk assessment and management of nanoenabled magnetite contrast agent
using the BIORIMA Decision Support System
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Background, Motivation and Objective
The assessment of the safety of nano-biomedical applications, such as medical devices and medicinal products, for
patients is an essential prerequisite for their market authorization. However, it is also required to ensure the safety of
the workers who may be unintentionally exposed to the nano-biomaterials used in these applications during their
synthesis, formulation into products and end-of-life processing, as well as the safety of the medical professionals (e.g.,
nurses, doctors, technicians) who are using the products for treating patients.
Statement of Contribution/Methods
To enable the assessment and management of such occupational risks, in the EU H2020 BIORIMA project we
developed a software-based Decision Support System (DSS), which is publicly available here: https://sunds.gd. To
demonstrate the DSS, we applied it for occupational risk assessment and management of magnetite (Fe3O4)
nanoparticles coated with PLGA-b-PEG-COOH, which are used as contrast agent in magnetic resonance imaging (MRI)
(Figure 1). Occupational exposure concentrations were obtained either from predictive exposure models or
monitoring campaigns designed specifically for this study. Derived No-Effect Levels (DNELs) were calculated by means
of the APROBA tool starting from in vivo hazard data from literature. The exposure estimates/measurements and the
DNELs were then used to perform probabilistic risk characterisation for the formulated exposure scenarios, including
uncertainty analysis.
Results/Discussion
The obtained results revealed negligible risks for workers along the life cycle of magnetite NBMs used as contrast agent
for the diagnosis of tumour cells in all exposure scenarios, except during cleaning activities made by nurses when risk
is considered acceptable after the adoption of specific risk management measures (i.e., a pair of nitrile gloves) for
dermal exposure. The study successfully demonstrated the added value of using the BIORIMA DSS for quantification
and communication of occupational risks of nano-biomedical applications and the associated uncertainties, as well as
for identifying relevant measures to control unacceptable risks.
Funding information
This work has received funding from the European Union’s Horizon 2020 Research and Innovation Programme under
Grant Agreement No 760928 (BIORIMA - BIOmaterial RIsk MAnagement).
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Figure 1. Occupational risk assessment of magnetite nanoparticles coated with PLGA-b-PEG-COOH used as contrast
agent in MRI using the BIORIMA DSS.
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TRAAC framework for regulatory acceptance and wider usability of tools and methods for
safe innovation and sustainability of manufactured nanomaterials
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Introduction
Significant resources in Europe and beyond have been invested into the development of tools and methods to support
risk mitigation and risk management, and thus facilitate the research and innovation process of the manufactured
nanomaterials. The level of risk analysis is increasing, including assessment of socio-economic impacts, and
sustainability aspects, moving from a conventional risk-based approach to a wider safety-and-sustainability-by-design
perspective. Despite these efforts on tools and methods development, the level of awareness and use of the majority
of such tools and methods by stakeholders is limited. Issues of user-friendliness, trust, implementation training,
regulatory or authority compliance needs, regulatory acceptance and unsuitability to the users’ needs are some of the
factors which have been traditionally known to hinder their widespread use.
Methods
A framework was developed to quantify the readiness of different tools and methods towards their wider regulatory
acceptance and downstream use by different stakeholders. The framework was developed to scan tools and methods
for their transparency (clearly communication on who the tool made, what its purpose is, how it works and its
applicability domain), reliability (the reliability of the tools output in the sense of uncertainty and validity), Accessibility
(how easily the tool is accessible in the sense of availability, but also intuitiveness of tools interfaces), Applicability
(clear available scope of the tools applicability domain) and Completeness (how well the tool covers information
required by REACH). Each TRAAC pillar consists of criteria which help in evaluating the overall quality of the tools and
methods for their (i) compatibility with regulatory frameworks and, (ii) usefulness and usability for end-users, through
a calculated TRAAC score based on the assessment. In addition, fourteen tools and methods were assessed using the
TRAAC framework as proof-of-concept. The results provide insights into any gaps, opportunities, and challenges in the
context of each of the 5 pillars of the TRAAC framework.
Results
In total, the Transparancy pillar consisted of 4 criteria (clear mention of the developers; contact details; description of
tool available; strengths and limitations disclosed), the Reliability pillar consists of 6 criteria (validation of the tool;
Peer review; Quality of the data used; user variability; uncertainty analysis and collaborative effort), the accessibility
pillar consisted of 7 criteria (Quality of guidance material; compatibility with different levels of expertise; availability
in more than one language; inclusion of a license; citations in scientific, regulatory or industry publications; findability
and accessibility; user friendliness), applicability consisted of 8 criteria (applicability in different life cycle stages;
applicable exposure routes or population types; nano-specificity; quantitative output; handling data gaps; time and
cost efficiency; supported by developers; advice for improving the output) and completeness criteria ranged between7
– 27 criteria based on the domain followed in REACH.
By developing a multi-faceted and multi-criteria approach, founded upon an extensive literature search and the
current regulatory requirements for MNMs, the TRAAC framework proved a useful tool to evaluate tools and methods
for the safe-by-design of MNMs for their regulatory readiness.
Funding information: The Gov4Nano project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 814401.
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An Early Decision Toolbox Facilitating Safe-by-Design Antiallergy Nanovaccine Development
Litty Johnson, Lorenz Aglas, Wai Tuck Soh, Mark Geppert, Sabine Hofer, Norbert Hofstätter, Peter Briza, Fatima
Ferreira, Richard Weiss, Hans Brandstetter, Albert Duschl and Martin Himly
Department of Biosciences and Medical Biology, University of Salzburg, 5020 Salzburg, Austria
Background, Motivation and Objective
The increased prevalence of allergy has contributed to a socioeconomic burden especially in the developed countries.
Allergen-specific immunotherapy (AIT) is the only available curative treatment option for allergy. However, the
challenges associated with AIT prevents its widespread utility. The application of nanoparticles (NPs) in AIT is a
promising and active research area where the NPs are utilized as adjuvant or/and carrier system. Non-covalent
adsorption of allergens to the particle surface is the most widely applied and straight forward approach in licensed
particulate vaccines. It may, however, lead to structural alterations of bound protein, thereby altering the immune
response. Hence, it is pivotal to understand the structural integrity of allergens at the nanomaterial interface. In this
study, we propose a toolbox comprising a set of biophysical and functional in vitro assays for the suitability assessment
of materials in the early stages of nanovaccine development by assessing the structural integrity of allergens used as
models. These tools will aid in safe-by-design innovations and allow fine-tuning the properties of nanoparticle
candidates to shape a desirable immune response.
Statement of Contribution/Methods
Here, we have utilized two model proteins, the wild-type major birch pollen allergen Bet v 1 and its hypoallergenic
fold variant (BM4), to compare SiO2 NPs with Alhydrogel® as particulate systems. Alhydrogel® is considered the gold
standard in AIT. SiO2 NPs, on the other hand, are a promising nanoparticulate candidate as they are established for
their biodegradability, biocompatibility, ease of surface modification, low production costs and low toxicity. We
employed a set of biophysical assays including circular dichroism spectroscopy, Fourier transform-infrared
spectroscopy, proteolytic degradation and liquid chromatography-mass spectrometry to examine the allergens’
structural integrity at the material interface. We measured changes in their immunological properties upon adsorption
to the respective particle surfaces by functional assays such as antigen processing, T cell activation and mediator
release.
Results/Discussion
The adsorption of both allergens to the particulate systems modulated their proteolytic stability in differential ways.
We observed qualitative and quantitative differences in antigen processing concomitant with differences in their fold
stability. The adsorption of Bet v 1 to SiO2 NPs induced a loss of alpha-helical structures, whereas in the case of BM4
no significant differences in the alpha-helical secondary structure elements was observed. Furthermore, using
Alhydrogel® we observed a notable depletion of the beta structures in both model allergens and an increase in the
alpha-helical contents in BM4. These changes translated into an altered IgE epitope recognition and T cell activation. In
summary, the described toolbox can be applied for nanomaterial candidates for use as adjuvants and/or carriers of
allergens in AIT. The elements of the toolbox (Figure 1) allow for monitoring molecular initiating and key events for
potential adverse outcomes of AIT (i.e. allergenic side reactions) and aid early decision making for safety-by-design in
anti-allergy nanovaccine development.
Funding information
This work was funded by the international PhD program “Immunity in Cancer and Allergy - ICA” of the Austrian Science
Fund (FWF, W01213), by the FWF project P32189, the EC H2020 NanoCommons project (grant number 731032) and
by the Allergy-Cancer-BioNano (ACBN) Research Centre of the Paris Lodron University of Salzburg (PLUS).
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Figure 1. The Safe-by-Design Toolbox for nanovaccine development combines a number of physicochemical and
biological assays detecting structural alterations of proteins at the (nano)material interface (i.e. molecular initiating
events) in their correlation with key events of immune activation and modulation such as antigen processing,
presentation and epitope integrity and display.

Synergistic strategies for management of nanotechnologies safety
João Laranjeira1, Cristina Matos1, Ana Rita Alberto1, Carla F. Martins1
1
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Background, Motivation and Objective
Nanotechnology has been highlighted as one of the occupational safety and health challenges [1]. Due to rapid
technological development of industries and societies, preventive measures are not always straightforward and can
have limited action. This results from the unknown potential new risks and the complex relationships between
variables in the nanotechnology field, which might compromise public health and safety, and the environment.
Indeed, there are vast uncertainties concerning hazards (toxicology and health effects), exposures (reference values)
and risks associated to the use of nanomaterials [2]. Therefore, it is vital to implement synergistic strategies to
nanotechnology challenges by combining proactive, preventive, and holistic approaches for safety management,
rather than reactive actions. This paper aims to discuss strategies for managing nanotechnologies safety and, analyse
the advantages and limitations of combining risk-prevention design principles with control banding as an initial
synergistic strategy for occupational safetymanagement.
Statement of Contribution/Methods
Nanomaterials exposure can occur throughout their entire lifespan and affect workers, consumers, the generalpublic,
and the environment [3]. The high level of complexity of factors over the nanomaterial lifecycle that affect the
management of nanotechnologies safety have been leading to the development of several proactive and preventive
approaches, some of them with an holistic perspective to aspects such as the environment, society, and technology.
These approaches include risk-prevention design principles, control banding, safe- by-design (SbD), and safe- and
sustainable-by-design (SSbD).
There are a few risk-prevention principles to help guide product designers to produce a safer nanotechnologysolution,
such as changing size, surface and structure; alternative materials; functionalization (intentional bonding of atoms or
molecules to nanomaterials); reduction of the quantity; and encapsulation [5]. Nano-masterbatches design is an
example of a risk-prevention principle, as potential hazardous nanomaterial can be encapsulated within a less
hazardous material [5], while maintaining their functionality.
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Control banding (CB) is another proactive approach for initial managing of nanotechnologies safety, as it is based on
potential exposures to nanomaterials and recommends basic control measures to minimize identifiedexposure [6].
There are several nano-specific CB tools that have been developed particularly for occupational safety (e.g.,
Stoffenmanager Nano, NanoSafer). These CB tools can be combined with the control band matrixdescribed in ISO/TS
12901-2 [6] to setup preventive exposure measures, based on a balance of simplicity andeffectiveness.
The Safe-by-design (SbD) holistic approach has been used for years in industry and more recently applied to
nanotechnologies to address the safety of the nanomaterial/nanoproduct and associated processes through thewhole
lifecycle. The main aim of SbD is to minimize risks and uncertainties for humans and the environment at the earliest
possible/feasible stage of the innovation process [7].
More recently, SbD shifted to the concept of safe- and sustainable-by-design (SSbD) by focusing on safe and
sustainable new nanomaterials/nanoproducts, and thus assess their full socioeconomic potential in line with the
European Green Deal in a circular economy [8]. These broad and integrated concepts are an attempt to support the
decision-making process, by identifying decision points along the development process and help to define options
for those decisions, based on an holistic perspective. Although several European R&D projects and initiatives have
been working on these holistic approaches applied to nanomaterials, SSbD criteria’s are still lacking, as well as
predictive tools to support their implementation. The synergistic strategy of combining nano-masterbatch design with
control banding approaches is analysed, using metal matrix composites reinforced with ceramic nanomaterials
(aluminium oxide, silicon carbide, andtitanium carbide) and considering prototype and industrial scenarios.
Results/Discussion
This study demonstrated that there are several proactive, preventive, and holistic approaches available for managing
nanotechnologies safety, with different degrees of complexity, development, and consolidation. The adoption of
synergistic strategies based on the combination of proactive, preventive, and holistic approachescan be a prudent
solution to limit the uncertainty level associated with current knowledge gap of nanomaterialhazards, exposure limits,
and potential new risks. Safety management as a dynamic process should be updated to the challenges of
nanotechnologies. This requires a broad dialogue and collaboration between different stakeholders throughout the
value chain, due to the interdisciplinary field of nanotechnologies, as well as thewide-ranging implications that their
use can have on workers, consumers, the general public, and the environment. The use of risk-prevention design
principles, such as nano-masterbatches, combined with control banding seems to be a simple and cost-effective
approach for initial safety management of the nanotechnology case study. Although in-situ measurements of the
potential nanomaterial’s exposure were not performed in this initial safety management approach.
Funding information: This study was developed under the H2020 project FLAMINGo (101007011).
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Towards risk governance of nanomaterials: adaptation and validation of test methods for
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Background, Motivation and Objective
It is within the aims of the RiskGONE project (Science-Based Risk Governance of Nano-Technology, H2020- NMBP13-2018) to define Risk Governance (RG) processes for engineered nanomaterials (ENMs). To thisend, it is pivotal
to evaluate, adapt and validate existing methods for the physicochemical characterisation, and human and ecotoxicological hazard assessment of ENMs. Existing test guidelines (TGs) originally adoptedfor hazard and risk
assessment (RA) of chemicals might not be fully applicable to nanosized materials, whichpresent themselves with
peculiar properties, or might need updates as new techniques have evolved.
Statement of Contribution/Methods
RiskGONE focuses on a series of interlaboratory comparison studies (or round robins - RRs) to critically evaluate
a prioritised set of existing standard operating procedures (SOPs) for their nano-specific applicability for hazard
assessment. Where methodological adaptations were needed, based on detailed expert analysis and
experimental testing within RiskGONE, the SOPs have been optimised and subjected to pre-validation through
additional testing, whereby several RRs were performed with different panels of ENMs to confirm the
repeatability and reproducibility of the SOPs. This work aims at generating pre-validated guidance documents (GDs)
to be translated into updated or new OECD TGs.
The SOPs evaluated include methods for: i) the characterization of ENMs physico-chemical parameters, suchas
dispersibility (ISO13318), hydrodynamic diameter and size distribution (OECD TG110), particle number, zeta
potential, effective density, and endotoxin contamination (ISO 29701:2010(E)); ii) in vitro hazard identification
and characterization, such as cytotoxicity by the colony forming efficiency (CFE) assay, genotoxicity by the
micronucleus assay (OECD TG487), the mammalian cell gene mutation test (TG476), and the Comet assay (for a new
in vitro TG); iii) in vivo ecotoxicity and environmental hazard assessment, such asby Daphnia magna reproduction
toxicity (OECD TG211) and genotoxicity (Comet assay), as well as extension of OECD TG249 to ZF4 zebrafish embryo
cells. The consistency of the interlaboratory data and robustness of the test methods have been evaluated
through statistical analyses. Nano-specific challenges such as potentialinterference of ENMs with test methods
and inclusion of interference controls to counter these have been also addressed, and in collaboration with
NanoSolveIT are being integrated into a decision support tool to guideusers on assay suitability for specific ENM
types.
Results/Discussion
Based on the obtained data, harmonised SOPs (or draft guidelines) have been prepared / are under preparation and
are publicly available to end-users through the RiskGONE’s website www.riskgone.eu. Whenever possible and
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relevant, these SOPs will be translated into standard project submission forms (SPSF) to proposenew OECD TGs,
or amendments/annexes to existing ones. This work is aligned with other ongoing efforts such as NanoHarmony
and the “Malta project”, to propose revisions of ECHA’s annexes for nano-substancesunder REACH, and with JRC
activities and other EU-funded projects (e.g., PATROLS). The SOPs and the proposed TGs will facilitate the
standardisation of the hazard assessment of ENMs and provide sustainablesolutions for integrating scientific
results into regulatory use beyond the life of the project.
Funding information
Supported by H2020-NMBP-13-2018 RiskGONE (Grant Agreement no 814425) and H2020-NMBP-14-2018
NanoSolveIT (Grant Agreement no 814572).

A Weight of Evidence approach to classify nanomaterials according to the EU CLP Regulation
criteria
Gianpietro Basei1, Alex Zabeo1, Kirsten Rasmussen2, Georgia Tsiliki3, Danail Hristozov1
1
GreenDecision Srl, Mestre, Italy,
2
European Commission, Joint Research Centre (JRC), Ispra, Italy
3
ATHENA Research and Innovation Centre, Athens, Greece
Background, Motivation and Objective
In the context of the EU H2020 GRACIOUS project, we proposed a quantitative Weight of Evidence (WoE) methodology
for hazard classification of nanomaterials (NMs). This approach is based on the requirements of the European
Regulation on Classification, Labelling and Packaging of Substances and Mixtures (the CLP Regulation).
Statement of Contribution/Methods
The goal of the WoE approach is to use all available information to identify the nature and severity of physical, health
and environmental hazards posed by NMs, and to classify the NMs on that basis, following the decision trees defined
in European Chemical Agency’s (ECHA) CLP regulatory guidance. To achieve this goal, we proposed a quantitative
methodology with the following steps:
1. Collection of data for different NMs related to the endpoint of interest: each study related to each NM is
referred as a Line of Evidence (LoE).
2. Computation of weighted scores for each LoE: each LoE is weighted by a score calculated based on state-ofthe-art data quality and completeness criteria, relevant to the ECHA’s Guidance on Information Requirements
and Chemical Safety Assessment.
3. Comparison and integration of the weighed LoEs for each NM: A Monte Carlo resampling approach is adopted
to integrate the weighted evidence quantitatively and probabilistically.
4. Assignment of each NM to a hazard class: according to the results, each NM is assigned to one of the classes
defined by the CLP regulation.
Based on the probabilistic nature of the methodology, it is possible to display the results of the integration (Step 3) as
heatmaps, also highlighting the uncertainty in the final classification, thus facilitating for experts the assignment of
NMs to hazard classes (Step 4).
Furthermore, to facilitate the integration and the classification of the weighted LoEs, an online R tool was developed
(available at https://shinyapps.greendecision.eu/app/woe).
To test our methodology, we selected the CLP endpoint Aquatic Toxicity, using data available in the GRACIOUS instance
of the eNanoMapper database.
Results/Discussion
We proposed a WoE methodology to probabilistically classify NMs according to the CLP Regulation criteria. This
methodology was fully implemented in an online R tool and tested against data included in the eNanoMapper
database. The obtained results (reported in Figure 1) were consistent with what was reported in the sources that
originally produced the data, the REACH registration dossiers and recent literature. This confirmed the validity and the
soundness of the obtained results and the overall robustness of our approach.
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Finally, the scoring system adopted in this methodology (Step 2) provides the basis for developing an automatic
methodology for (meta)data completeness and quality assessment within the GRACIOUS and Gov4Nano projects.
Funding information
GRACIOUS project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 760840.

Figure 1: Results of the uncertainty assessment for the case study, related to acute Aquatic Toxicity, displayed as a heatmap. NMs
were assigned to the category with nonzero probability that raised the highest concern. It is worth noting that the aluminium
coating of JRCNM01003a could be a confounding factor leading to the categorization as “extremely toxic” for the aquatic
environment”, and indeed in the original study a high content of impurities is reported which may have led to the low EC50 value.
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Track 2: Nanoinformatics & Data
First principles modelling of nanomaterials properties
Konstantinos Kotsis1 and Vladimir Lobaskin1
1
University College Dublin, School of Physics, Dublin, Ireland
Modelling data of intrinsic and extrinsic nanomaterials properties that can be used to establishstructure activity
relationships, i.e. correlations to biological activity are indispensable for assessmentsof nanomaterials toxicity and in
the search for designing safe technological products and environments to reduce health risks. Such data are obtained
by quantum mechanical calculations, atomistic force fields, molecular dynamics simulations and multiscale models.
Alone from the nanomaterial properties, correlations to reactions of biomolecules at the nanosurfaces can be
established by building predictive QSAR models. Moreover, the study of the interactions at the bionano interface
enables us to create reliable materials models of physicochemical properties that arecorrelated to biological activity.
The objective is to create data/tools and implement them into the NanoCommons Knowledge Base, which requires
a systematic modelling, calculation and analysis of data.
A brief overview on the atomistic modelling of nanoparticles and their interface to biomolecules and the
computational methods and tools that are used to calculate the intrinsic and extrinsic descriptors is given. The
electronic structure and molecular properties are efficiently computed in a good accuracy by quantum mechanical
methods and molecular dynamics simulations. The applied methodologies are carefully tested on different classes
of nanomaterials, e.g. metals, metal oxides and carbon structures and for a significant number of materials (within
a class) and phases of the same material. Previously reported methodologies have been analysed and extended. New
methods and tools were proposed for advanced descriptors of physicochemical characteristics.
We applied our models on datasets for which experimental and theoretical data already exist with the ultimate goal
to establish new correlations between the physicochemical properties of nanomaterials and their biological activity.
A first estimation in terms of ranking materials with respect to one specific intrinsic or extrinsic property on a
SmartNanoTox dataset is performed withoutthe use of a machine learning approach. Moreover, a tool was created
to calculate Hamaker constants which are advanced descriptors of the bionano interface. We evaluate the bionano
interactions through an atomistic force field approach. All force field parameters have been applied in molecular
dynamics simulations for many properties, including potentials of mean forces. Our rather simple approach was
applied on a large number of materials to create a database of Hamaker constants for common nanomaterials. The
calculated Hamaker constants give a very good estimate of the major interaction between the nanomaterials and the
amino acids and lipid ligands consisting the building blocks of the proteins and lipids respectively. Finally, an outlook
on more complex nanomaterials with the perspective to design materials with desired properties for nanosafety is
given.
Funding information:
This work was funded through EU Horizon 2020 Programme, grant nº 814572 (NanoSolveIT) and nº 731032
(NanoCommons), and SFI grant nº 16/IA/4506.
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Multi-scale modelling of aggregation of TiO2 nanoparticles in water
Giulia Mancardi1, Jaime Arturo de la Torre2, Ian Rouse3, Vladimir Lobaskin3, Pietro Asinari4, EliodoroChiavazzo1
1
Energy Department, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino, Italy,
2
Dept. Física Fundamental UNED, Senda del Rey 9, 28040 Madrid, Spain
3
School of Physics, University College Dublin, Belfield, Dublin, Ireland
4
Istituto Nazionale di Ricerca Metrologica, Strada delle Cacce 91, 10135 Torino, Italy
Background, Motivation and Objective
The European Food Safety Authority (EFSA) recently banned titanium dioxide for human consumption due to possible
genotoxic effects after ingestion [1]. However, TiO2 is still employed in a variety of industrial processes. The toxicity
of nanomaterials in the size range of 1-100 nm depends on their chemical compositionand it is tuned by dimension,
degree of crystallinity, shape, aspect ratio, and ability to aggregate. The aggregation kinetics controls the size the
nanomaterial can reach, defining its cellular uptake [2,3].
In this work, the aggregation of titanium dioxide nanoparticles (NP) is approached using a multi-scale technique: from
quantum calculations giving the energetics and the geometry of a single nanoparticle, to classical Molecular Dynamics
(MD) simulations (2 nanoparticles in a box of water) to end up with BrownianDynamics (BD) simulations (thousands
of nanoparticles and the possibility to include amino acids). Using thisprocedure, we obtain novel physicochemical
descriptors that can be fed into QSAR models [4] to predict the toxicity of a material knowing its physicochemical
properties, without having to conduct large-scale experiments on living organisms [5].
Statement of Contribution/Methods
In a first stage, MD simulations of TiO2 NPs in water were carried out. By using the Umbrella Sampling (US)technique
[6], we obtained the free energy profiles (or Potential of Mean Force, PMF) for the aggregation of two identical
nanoparticles of radius R=2 nm in water. This method makes use of a harmonic potential as a driving force to move
NPs at a specific target distance, and the PMF is calculated using the Weighted Histogram Analysis Method (WHAM).
Then, we fitted the numerical PMFs to analytical functions. In a secondstage, we use the PMF to run BD simulations of
TiO2 NPs in water. We consider each NP as a single bead (sNP), and the water is modelled implicitly. The reversible
part of the dynamics is given directly by the extracted PMF. The irreversible and the stochastic parts of the dynamics
are given through the usual Stokes- Einstein relation for the friction coefficient, considering the viscosity of water and
the radius of the NPs.
In a third stage, we scale up the BD simulations to build a single 40 nm radius large nanoparticle (LNP), clustering
several sNP of 2 nm radius. Here, we fix the density of the large nanoparticle to match TiO2 anatase. This large
nanoparticle is surrounded by different concentrations of amino acids. In these new large scale BDsimulations, each
amino acid is represented by a spherical bead with a radius of a few Angstroms. The conservative forces between the
amino acids and the sNP is given by previous calculations of TiO2-amino acid PMF [7]. The friction is modelled by
Einstein relation, assuming each bead has its own friction coefficient thatdepends only on its radius and the water
viscosity.
Results/Discussion
During BD simulations of randomly distributed TiO2 nanoparticles, we observed the progressive formation of
aggregates, mostly spherical and ellipsoidal or, occasionally, slightly branched ellipsoids. The more concentrated is
the solution, the faster is the onset of the clustering process given the higher frequency of collisions. The clustering
process can occur through three different mechanisms: (i) collision of a single particle with another single particle;
(ii) collision of a single particle with a cluster; (iii) collision of two clusters. BD simulations of a single large TiO2
nanoparticle in contact with amino acids are still ongoing and we are confident that they will shed light on the early
stages of protein corona formation.
Funding information This research has received funding from the European Union’s Horizon 2020 research

and innovation program under grant agreement No 814426 (NanoInformaTIX project). Financial support
from MICINN under Project Nos CAS19/00167 and PID2020-117080RB-C54 are also acknowledged.
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Multi-scale modelling of the nanoparticle – protein corona
Ian Rouse1, David Power1, Stefano Poggio1, Erik Brandt2, Hender Lopez3, Alexander Lyubartsev2, Vladimir Lobaskin1.
1
University College Dublin, Dublin, Ireland
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Stockholm University, Stockholm, Sweden
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Background, Motivation and Objective
Although the surface of a nanoparticle (NP) may be pristine when it is first synthesized, the situation rapidly changes
when the NP is immersed in a biological media containing proteins and other biomolecules. These molecules adsorb
to the NP forming a “corona” of bound proteins, initially consisting of small, weakly-bound proteins which interchange
with larger, strongly binding proteins until equilibrium is reached. The composition of the protein-NP corona has
previously been linked to uptake of NPs by cells and the initiation of adverse outcomes, and thus being able to model
the corona is critical to providing the means by which the toxicity or biocompatibility of a given NP can be predicted.
Given that the corona may consist of dozens to hundreds of proteins, each made of hundreds to thousands of residues,
it is clearly not feasible to perform atomistic molecular dynamics simulations of the entire corona formation over the
period of hours it takes to reach equilibrium. Here, we present a multi-scale method for the prediction of the corona
content.
Statement of Contribution/Methods
The first step in our methodology is the parameterisation of the interaction between small molecules (typically amino
acids (AAs)) and the NP surface, achieved through the use of atomistic metadynamics simulations to produce
potentials of mean force for each AA-NP pair. These potentials are augmented with long-range and electrostatic terms
and summed over all AAs present in a target protein to produce an NP-protein potential, from which orientationspecific adsorption energies and adsorption/desorption rate constants can be estimated. Using these rate constants
and protein concentrations as input, kinetic Monte Carlo simulations modelling the random sequential adsorption and
desorption of a mixture of proteins to the NP are performed, providing the time-dependent evolution of the corona.
Results/Discussion
We compare the results of our methodology to recent experiments, finding good agreement and providing insight into
how the model can be further improved to account for adsorption of proteins to other proteins rather than directly to
the NP in the “soft corona” layers. We further discuss our findings of the effects of NP curvature on the formation of
the corona and the implications of this for targeted design of NPs.

Funding information:
We gratefully acknowledge funding from EU H2020 grant no. 814572 and SFI grant no. 16/IA/4506.
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Exploring Adverse Outcome Pathways for nanomaterials with semantic web technologies
Jeaphianne P. M. van Rijn 1[0000-0001-5026-7705], Marvin Martens 1[0000-0003-22300840], Ammar Ammar 1[0000-0002-8399-8990], and Egon L. Willighagen 1[0000-00017542-0286]
1
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Background, Motivation and Objective
Adverse Outcome Pathways (AOPs) have been proposed to explore the interactions of chemicals/materials with
biological systems. [1] Each AOP starts with a molecular initiating event (MIE) and ends with an Adverse Outcome
(AO). So far, for many nanomaterials (NMs) we do not fully understand how they interact with proteins,
biomembranes, cells, and biological structures in general. Moreover, there is limited insight into the toxicologyrelated key events (KEs) they trigger, such as oxidative stress and inflammation, or the biological processes underlying
these KEs.
We propose here Semantic Web approaches to report NMs, their physicochemical characteristics, and their
interactions with biological systems. Our approach integrates the annotation of nanomaterials and their MIEs with
ontology annotation to demonstrate how we can then query AOPs and biological pathway information for these
materials.
A FAIR (Findable, Accessible, Interoperable, Reusable) representation of the nanomaterial-MIE knowledge
simplifies integration with other knowledge. Moreover, if we want to use or re-use toxicological data for effective
hazard and risk assessment, the management of these data needs to operate under FAIR principles. [2] However,
NMs and their physicochemical characteristics in scientific papers are often represented in free text formats, figures,
or tables without standardized terminologies, thus imposing a considerable challenge to extract and reuse most
existing information. Additionally, the lack of NMs identification, in contrast to small molecules, prevents inclusion
of NM-related datasets in databases and computational approaches. The recently introduced European Registry of
Materials (ERM) identifier, can be used to deal with some of these problems. [3]
Here we present a proof of principle of implementing semantic web approaches for reporting NMs, their
physicochemical characteristics and their interactions with biomolecules and biological systems. It expands the work
initiated by Murugadoss et al. (2021) where a selection of scientific papers was analysed for NMs and their
connections to AOPs. [4]
Statement of Contribution/Methods
Twentyone of the papers investigated in the Murugadoss study were further analysed to extract detailed information
about the 83 unique nanomaterials, their physicochemical properties, and their potential effects. All materials were
registered in the ERM to allow correct and precise documentation. [3] Semantic annotations of material types was
introduced using the NanoParticle Ontology (NPO) [4], eNanoMapper (eNM) ontology [5] and Chemical Entities of
Biological Interest (ChEBI) ontology [6]. This led to a total 34 unique types of NMs.
The molecular effects described in literature were linked to KE identifiers from the AOP-Wiki through manual
curation. The 43 events described in the papers could be linked to over 60 unique KEs of which 11 were an MIE. The
most frequently described KEs included ROS generation and DNA damage.
The RDF was made publicly available through a SPARQL endpoint and a corresponding SNORQL User Interface to
facilitate exploration of the data with SPARQL queries (https://nanosafety.rdf.bigcat-bioinformatics.org/). This way,
expanding the use of the developed RDF
by allowing us to perform federated SPARQL queries, e.g. to explore the downstream effects of the proposed MIEs
in more detail, or group nanomaterials based on their ontological annotations.
Results/Discussion: In this talk we present the RDF schema, the data in the RDF and a SPARQL endpoint for the
Nanosafety dataset. We use SPARQL queries to extract data from the RDF and show two examples ofwhat we can
say about DNA damage based on the information in the Nanosafety RDF.
Example 1: The SPARQL endpoint was used to query information about the range of reported hydrodynamic
diameters measured in water for 51 NMs and whether these can cause DNA damage. The data suggests that titanium,
silver and metal oxides with a small hydrodynamic diameter are morelikely to cause DNA damage.
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Example 2: The SPARQL endpoint was used to explore the potential AOs of nanomaterials as a result of the MIEs
described in literature, by extending the information with content from the AOP-Wiki and explore the downstream
effects of the proposed MIEs in more detail.
We provide a discussion of the promises and limitations of implementing semantic web approaches for reporting
NMs and of our method. One of the main take-home messages from this study is the importance of mutual
agreement on the minimum dataset of NMs physico-chemical characteristics and standardized format of these
data that should be included in future quality, efficacy and safety studies of NMs.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No. 814425 (RiskGONE), grant agreement No. 814572 (NanoSolveIT), and grant agreement
No. 862195 (SbD4Nano).
We want to thank the people who helped with the data extraction efford and are currently collaborating with us on
the manuscript of this study: Svetlana Avramova, Mihaela-Roxana Cimpan, Valerie Fessard, Peter Hoet, Nina
Jeliazkova, Sivakumar Murugadoss, Barbara Pem and Ivana Vinković Vrček.
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System-dependent QSAR modelling for nanoparticles
Tomasz Puzyn1,2, Ewelina Wyrzykowska 2, Marta Swirog1,2, Selvaraj Sengottiyan1, Anna Rybińska-Fryca2, Alicja
Mikołajczyk1,2
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Background, Motivation and Objective
According to the classic paradigm of quantitative structure-activity relationships (QSAR) modeling, the structure
determines the modeled property/activity. In the case of nanoparticles (NPs), the structural descriptors used as the
model’s inputs usually reflect the features of atoms, molecules, or/and supramolecular“nanostructure” (i.e., size,
shape, coating) constituting the nanoparticle. And there is an increasing number ofsuccessful QSARs based on these
three levels of descriptors. However, since the structure may vary in time, depending on the system conditions (e.g.,
pH, ionic strength, interactions with proteins), we ask: How important the system’s characteristics might be for QSAR
modeling? We hypothesized that for some modeled properties, the influence of the system is crucial; thus, replacing
the classic modeling paradigm withthe system-dependent QSARs is necessary.
Statement of Contribution/Methods
This work is based on three novel strategies of QSAR modeling that reflect the influence of the system by utilizing
structural descriptors of the system. According to the first strategy, we modeled the hydrodynamic diameter of TiO2NPs in a series of different systems (solvents). Thus, the descriptors reflected only the structural features of the
solvent. According to the second strategy, we modeled the zeta potential of a series of metal oxides nanoparticles
(MeOx NPs) in pure water and then recalculated this property for a different solvent (1M KCl) with the StructureActivity Prediction Network (SAPNet). According to the third strategy, we modeled three endpoints for a series of
nanoparticles using at the same time two blocks of descriptors: (i) nanoparticles’ descriptors and (ii) systems’
descriptors. The modeled endpoints were: (a) electrophoretic mobility of TiO2, ZnO, and CeO2 NPs in natural waters;
(b) zeta potential of polymeric NPs in biological serum; and (c) protein corona-dependent cytotoxicity of different
MeOx NPs to HaCat cell line in the MTT test.
Results/Discussion
We have noticed that, in specific cases, the use of systems’ descriptors in addition to nanoparticle descriptors
improved the predictive ability of QSARs. Moreover, there were models where the influence of the system on the
modeled property was even more significant than the influence of the nanoparticle’s structure. Does it automatically
mean that all the QSAR models developed according to the classic paradigm are wrong? We hope to initiate this
discussion during the Q&A part after the presentation. Based on our results and the comparison to the previous
models, we conclude that everything depends on the postulated mechanism of activity/toxicity or specificity of the
modeled phys-chem property. However, shifting the paradigm towards the system-dependent QSAR might be
necessary in some cases.
Funding information
This work has received funding from the European Union’s Horizon 2020 research and innovation program under grant
agreements No. 814572 (NanoSolveIT project) and No. 814426 (NanoInformaTIX project).
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Jaqpot: A computational platform supporting in silico modelling of nanomaterials
Pantelis Karatzas, Jason Sotiropoulos, Periklis Tsiros, Philip Doganis, Haralambos Sarimveis
School of Chemical Engineering, National Technical University, Athens, Greece
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Background, Motivation and Objective
Engineered nanomaterials (NM) provide functional advantages that promise to improve everyday life through
innovative applications in biomedical, food and energy industries. The degrees of freedom related to the engineering
of their size, shape and surface properties give rise to a practically unlimited number of theoretical structures,
rendering experimental testing of NMs a rather inefficient design approach. A sustainable alternative for the design
pipeline of NMs is in silico modelling, which is further empowered by recent advances in data analysis and machine
learning methodologies. While the list of computational models for NMs is rapidly expanding, the degree of their
integration in design andregulatory frameworks is still low, with lack of technical skills of the involved stakeholders
being one of the major sources of this discrepancy.
Statement of Contribution/Methods
Jaqpot is a computational platform that aims to bridge this gap, by offering services that allow the rapiddevelopment
of in silico models in many runtimes (e.g. Python, R) and their subsequent web deployment. Data privacy,
documentation and sharing mechanisms lie at the core of the platform’s functionalities.Through the Jaqpot application
programming interface (API), the models can easily be integrated in elaborate computational pipelines, while the
graphical user interface (GUI) increases model visibility, accessibility and transparency.
Results/Discussion
This presentation will demonstrate how to develop, deploy, document, use, integrate and share a modelon the Jaqpot
platform. We will highlight some examples of NM models that have been integrated intothe Jaqpot platform (spanning
from physiologically-based pharmacokinetic (PBPK) models to quantitative structure-activity relationship (QSAR)
models), with emphasis on models that have been developed in collaboration with external partners through the
transnational access (TA) programme ofthe NanoCommons project.
Funding information
This work received funding from the European Union's Horizon 2020 research and innovationprogramme via the
NanoCommons Project under grant agreement number 731032.
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Poster Abstracts
Track 1A: Hazard, Exposure and Safe & Sustainable by design
A1.
Functionalization of imogolites by metal nanoparticles: Safe by Design approach for
Copper
Dorra Gargouri1, Arianna Filoramo1, Fabienne Testard1, Antoine Thill1
1
Université Paris-Saclay, CEA, CNRS, NIMBE, 91191, Gif-Sur-Yvette, France

Background, Motivation and Objective
With the development of nanomaterials and the increasing level of their complexity, there is a need for tools able to
guide the evaluation of their toxicity. In the framework of European project HARMLESS,1 hybrid multi- component
systems have been developed and will be tested in a safe by design approach (SbD). These nanomaterials consist of
nanotubes high aspect ratio (HAR) covered by spherical copper or copper oxide nanoparticles. To be more precise,
nanotubes are alumino-silicate clays, called imogolites (Imo), easily synthesized by sol-gel methods.2 These nanotubes
can be obtained with different level of complexity; the outerlayer is made of alumina while either OH or CH3 group
covers the inner core. One important characteristic of these tubes is their monodisperse pore size.
The surface functionalization of these nanomaterials is an effective approach to vary their versatile properties and
applications.3 In particular, the external surface can be adjusted by using functionalization process whichhave to be
performed cautiously4 and demonstrations of imogolites decorated by Au, Ag or Pt nanoparticles have been reported.5
In our study, we target and characterize imogolites with an external surface functionalized by isotropic copper
nanoparticles (Cu NPs). Our purpose was to obtain an advanced multi- constituent nanomaterial that is relevant for
environmental applications and potentially respect the safe by design principle.
Statement of Contribution/Methods
The size and morphology of the Cu NPs can be modulated through two approaches: microwave irradiation6 and
radiolysis. The characterization of those nanomaterials were performed by several techniques (SAXS, AFM, TEM, SEM,
cryoTEM, UV-Vis, IR).
Results/Discussion
Our first results show that microwave irradiation produces spherical nanoparticles with optimum size of 40 nm, while
radiolysis produce facetted particles of similar sizes. Reactivity of these new hybrid nanomaterialswill be discussed.
Funding information: HARMLESS Number 953183

https://www.harmless-project.eu/
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NANOPAT: Process Analytical Technologies for Industrial Nanoparticle Production
Marvin Münzberg1
1
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Background, Motivation and Objective
Nano-scaled materials are abundant in different stages of industrial manufacturing. Physical and chemical properties
of these materials are strongly dependent on their size. Characterisation of mean size, size distribution, and shape of
nano-scaled particles is very critical for the quality and efficiency of manufacturing processes. Yet, conventional
characterisation technologies still show manifold shortcomings which represent a major innovation obstacle for
manufacturers of nanoparticles.
The NanoPAT consortium aims at closing this gap by the demonstration of 3 novel, real-time nano-characterisation
Process Analytical Technologies (PAT), namely Photon Density Wave spectroscopy (PDW), OptoFluidic force induction
(OF2i) and Turbidity Spectrometry (TUS) including real-time data handling for digital process monitoring and product
quality control.
Statement of Contribution/Methods
In this presentation the NANOPAT project will be presented and an overview over the activities will be given. The
Photon Density Wave spectroscopy will be explained in more detail as an example for the developed nano in-line
characterization technologies. Example applications and results will be shown. PDW-spectroscopy is a fiber based
inline technology measuring the reduced scattering and absorption coefficient individually in very highly concentrated
systems. Based on Mie-Theory the particle size can be analyzed in real time.
Funding information
The NanoPAT project is funded by the Horizon 2020 Framework Programme of the European Union under Grant
Agreement Number 862583
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Development of Innovative Catalytic Device for Marine Applications
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Sulphur Oxides (SOx) emissions, especially SO2, are considered as a major environmental problem contributing to
phenomena such as acid rain and eutrophication. In addition to that, SO2 emissions are responsible for premature
human deaths caused by cardiovascular and respiratory diseases. High concentrations of sulfur dioxide (SO2) are
present in the exhaust gases emitted from internal combustion engines that use Heavy Fuel Oil (HFO) with high sulfur
content around 3.5 wt.%. Such engines are found in the maritime sector, with international shipping accounting for
about 10% of man-made SO2 emissions. To tackle this problem, the International Maritime Organization (IMO) has
applied an upper limit of 0.50 wt.% sulfur content, since January 2020, in the fuel oil used on ships operating outside
designated emission control areas. This limit had already been stricter at the designated emission control areas
112

(0.1wt.%). Although fuels with low sulfur content currently are available, HFO is still the mostly consumed fuel due to
its significantly lower cost (around $100/tonne). To this end, commercial solutions for the reduction of SO2 emissions
of engines utilising HFO have been developed, such as scrubbers. Scrubbers utilise sea water by spraying it into the SOx
rich exhaust gas stream, and discharge it overboard, without treatment in most of the cases. In this way, the problem
of air pollution is unavoidably transferred to the sea by forming sulfuric acid and other pollutants such as polycyclic
aromatic hydrocarbons and nitrates, which increase the temperature and pH of the oceans. Due to the large volume
of solid waste produced from such systems along with their high cost, large installation size and complex operation,
scrubbers have not yet received adequate acceptance.
YS Cypriot Catalysts Ltd. aims in the development of a simple and eco-friendly, low-cost method, system
and device, that will greatly reduce sulfur emissions from ships and replace the scrubber technology. In specific,
CATMAR method aims to develop a heterogeneous catalyst that will reduce SO2 emissions from ship’s flue gases that
use HFO, by converting them to elemental sulfur according to the reactions (1), (2) and (3). In particular, SO2 will be
catalytically reduced to elemental sulfur through chemical reactions utilising CO, CxHy and NOx, which are already
present in the flue gas emissions.
𝑆𝑆𝑆𝑆2(𝑔𝑔) + 2𝐶𝐶𝐶𝐶(𝑔𝑔) → 1⁄2 𝑆𝑆2(𝑙𝑙) + 2𝐶𝐶𝐶𝐶2(𝑔𝑔)
(1)
𝑆𝑆𝑆𝑆2(𝑔𝑔) + 1⁄2 𝐶𝐶𝐶𝐶4(𝑔𝑔) → 1⁄2 𝑆𝑆2(𝑙𝑙) + 1⁄2 𝐶𝐶𝐶𝐶2(𝑔𝑔) + 𝐻𝐻2𝑂𝑂(𝑔𝑔)
(2)
𝑆𝑆𝑆𝑆2(𝑔𝑔) + 𝐶𝐶𝐶𝐶4(𝑔𝑔) + 2𝑁𝑁𝑁𝑁(𝑔𝑔) → 1⁄2 𝑆𝑆2(𝑙𝑙) + 𝐶𝐶𝐶𝐶2(𝑔𝑔) + 2𝐻𝐻2𝑂𝑂(𝑔𝑔) + 𝑁𝑁2(𝑔𝑔)

(3)
Fe and Cu based catalyst, supported on mixed oxide CeZr substrate are employed for the gas treatment and operate in
the temperature range of 200- 600 oC. Finally, the developed catalyst is being retrofitted in the engine exhaust stream,
working on an appropriate temperature in line with a catalytic particulate filter (catalyzed diesel particulate filter, CDPF) which will also treat particulate matter of the gas stream (Fig 1.).

Fig 1. Illustration of CATMAR procedure
The catalytic efficiency of the Cu and Fe metals, in the SOx emission control, are studied with the utilization of different
transition metals catalysts supported on various concentration CeZr metal oxides combined with wet impregnation
method. Different oxide supports (e.g. CeO2, ZrO2 and mixtures of these oxides) have been used due to their high
oxygen storage capacity while transition metals such as Cu and Fe have been used as active catalytic centers. The
prepared catalysts has been physicochemically characterized and evaluated for their performance in the SO2 reduction
reaction with CO, C2H4 and ΝΟ in the temperature range of 150 oC to 600 oC. A Synthetic Gas Bench (SGB) has been
designed and developed for simulating the flue gas stream and validate the catalytic performance for the reduction of
SOx emissions in ships. The SGB is equipped with a gas chromatograph (including a TCD, FID and FPD detector), which
are used to analyze and determine the concentration of the reactants and the products of each catalytic reaction. The
catalytic efficiency of the prepared nanocatalysts will be determined through the SO2 conversion and selectivity to
elemental sulfur, with respect to the byproducts that might be formed.
Funding information: The research leading to these results has received funding by the Research and Innovation
Foundation Programmes for Research, Technological Development and Innovation “RESTART 2016 – 2020” under
Grant Agreement No SEED/0719/0185
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A4.
Nanosized copper-based catalyst for automotive: physicochemicalcharacterization.
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V. Dracopoulos1, I. Yakoumis2, G.A. Voyiatzis1
1
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2
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3
Department of Physics, University of Patras, Patras, Greece
Background, Motivation and Objective
Nanotechnology is conceived as a Key Enabling Technology, becoming an increasingly research area providing
functional materials to many industrial sectors, such as automotive, health, packaging, textiles, construction, etc. In
the automotive industry, catalytic devices (such as three-way catalysts, diesel particulate filters and diesel oxidation
catalysts) accumulate concentrated loading of platinum group metals (PGMs, platinum, palladium, rhodium) as the
active catalytic phase. The aim of MONOLITHOS Catalysts Ltd is the partial substitution of an amount of PGMs (mainly
platinum) with abundant non-PGMs (transition metals). Several efforts have been made to use transition metals as
substitutes and among them copper seems to be oneof the best choices.
Prometheus catalyst (PROM100) is a polymetallic nanosized copper-based catalyst for automotive prepared by a wet
impregnation method, using as a carrier an inorganic mixed oxide (CeO2-ZrO2) exhibiting elevated oxygen storage
capacity. CeO2-ZrO2 mixed oxide has been widely used as catalyst support due to its high surface area, thermal
stability and oxygen storage capacity. The incorporation of zirconium into ceria lattice creates a high concentration of
defects, which can stabilize CeO2 against sintering, enhance the thermal stability and the efficiency of catalysts.
Statement of Contribution/Methods
The catalyst powder was prepared using commercially available chemical reagents, without further purification. The
following chemical reagents were used: ceria-zirconia mixed inorganic oxide, Ce0.68Zr0.32O2 and ammonium
hydroxide solution (percent concentration 25 wt%). Copper (II) nitrate trihydrate (purity 99%
- solid form), palladium (II) nitrate solution (solution assay 17.94 wt%) and rhodium (III) nitrate solution (Hereaus,
solution assay 9.27 wt%) were used as metal precursors. The heterogeneous Prometheus (PROM100) catalyst was
synthesized by the conventional wet impregnation method. Mass calculations of materials used were performed, in
order to achieve the desired metal loading of 2 wt%, at molar ratio Cu/Pd/Rh
= 21/7/1. Metal precursors were firstly dissolved partially in distilled water (DI) and then Ce0.68Zr0.32O2 support(CZ)
was added slowly under mechanical stirring. At the same time, the pH was adjusted at pH 11 units with 25% aq. NH4OH
and then the solution was heated at 80–85 °C under continuous mechanical stirring. The water solvent was evaporated
and the resulting slurry was dried overnight at 105–120 °C and then calcinated at 500 °C for 1 h (heating ramp. 10 °C
min-1). Finally, the catalytic powder prepared (PROM100 – fresh) wassieved at <125 μm, obtaining a fine granulometry,
in order to improve the specific surface area required for further processing. For the production of a full-scale catalyst
that can be installed on a vehicle, the prepared PROM100 catalytic powder (washcoat) is subsequently impregnated
on a ceramic cordierite based monolith ((Mg,Fe)2Al4Si5O18), following the steps described in detail elsewhere.1 A
fraction of the synthesized PROM100 catalyst was subjected to catalyst ageing following a certified protocol. According
to the protocol,each sample was heated up to 1050 °C for 4 h under 10% H2O air flow. A high temperature calcination
furnacewas used equipped with an atmospheric air electric pump for air introduction to the heating chamber. Upstream
the furnace, the air stream was passing through a thermostated water saturator operating at 46 °C, for the introduction
of 10% H2O in air mixture into the furnace chamber.
Samples PROM100-fresh & PROM100-aged are consisted of the catalyst washcoat (Cu/Pd/Rh doped on CeO2- ZrO2
mixed oxide) – no cordierite included. The term fresh refers to a catalyst that has not been used at all, while the term
“aged” refers to a catalyst that has been artificially aged by submitting it to hydrothermal ageing. This specific technique
is well documented in the literature and EU Directives for simulating more than 60,000Km of mileage of a car.
Raman spectra were recorded on a T-64000 (Jobin Yvon-Horiba) micro-Raman system equipped with a 2D- CCD
Symphony II detector. The excitation wavelength (514.5 nm) was provided by a DPSS laser (Cobolt Fandango TMISO
laser). Dispersion and detection of the Raman photons were done by an 1800 grooves/mm
rating and a Spectraview-2DTM liquid N2-cooled CCD detector, respectively. The laser was focused on the samples by
a 50x microscope objective with a power of 0.5mW on sample. The resolution was kept constant in all experiments
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(~2.5 cm-1). Scanning electron microscopy (SEM) images were obtained using a Zeiss SUPRA 35VP-FEG instrument,
operating at 5–20 keV. The determination of the specific surface area (SBET)and porosity of the catalysts (PSD) was
achieved via N2 sorption-isotherms at −196 °C, using a QuantachromeAutosorb IQ-C-MP apparatus. The samples were
outgassed at 120oC for 2h. The PSD was calculated using theDFT method on the desorption branch of the isotherm. Xray diffraction (XRD) spectra were performed for the structural characterization of PROM100 samples by using a Bruker
D8 Advance diffractometer equipped by a Cu lamp (λCuKa = 1.54046 Å) at a scanning rate 0.02◦ /min over a range 2–
80◦ (2θ). An external Ni sample was added for calibration (2θ Ni= 44.5ο). X-ray photoelectron spectroscopy (XPS)
measurements wereperformed in UHV (Pressure ~5×10−10 mbar) system equipped with a hemispherical electron
analyzer (SPECS, Phoibos 100-1D-DLD) and a non-monochromatized dual-anode Mg/Al X-ray gun.
Results/Discussion
According to Commission’s recommendation on nanomaterial definition a material can be considered as nanosized if
50% or more of the particles in the number size distribution, present one or more external dimensions in the size range
1 nm-100 nm. Moreover, a material should be also considered as falling under the nano definition when the specific
surface area by volume of the material is greater than 60 m2/cm3.The specific surface area of samples PROM100 fresh
and aged was determined by the gas adsorption method (“BET-method”) and was found to be 80 m2/g and 1m2/g for
fresh and aged samples respectively. Utilizing the particle density (6.52 g/cm3), the volume-specific surface area was
calculated as per ~500 m2/cm3, indicating the PROM100-fresh catalyst as nanomaterial.
SEM images revealed the different morphology exhibited by fresh and aged PROM100 samples (Figure 1), revealing
the nanostructure of PROM100 fresh sample.

Fig. 1. SEM images of catalyst PROM100 fresh (left) and aged (right)
The Raman spectrum of PROM100-fresh sample is depicted in figure 2 (left); it presents an intense peak at 470 cm-1
together with a broad shoulder at 615 cm-1. According to literature the phase diagram of the Ce1- xZrxO2 mixed oxides
is quite complex. Considering group theory, only one vibrational mode is Raman active for the cubic phase of CeO2
(only one intensity peak at 465 cm-1), while several Raman active modes are activefor the tetragonal or monoclinic
phase of zirconia ZrO2. The intense peak at 470 cm-1 is attributed to ceria O- Ce-O stretching. For Ce1-xZrxO2 mixed
oxides, increasing x value, there is a shift from 465 cm-1 to 470 cm-1 due to the substitution of Ce+4 cations by the
smaller Zr+4 cations.2 The Raman spectrum of PROM100-aged sample is depicted in figure 2 (right). The most evident
spectral change is the increase of the intensity of the peak at 470 cm-1, already attributed to Ce1-xZrxO2 oxides, which
is shifted to 472.5 cm-1. At the same time, several peaks are well discernible (inset), which are assigned to zirconia
(ZrO2) monoclinic phase, which is stable until 1170oC. A small peak at 258 cm-1 associated to the tetragonal zirconia
phase is also noticeable.
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XRD patterns for PROM100-fresh presented reflection bands appearing mainly at 29, 33.6, 48.3, 57.3, 60, 70.7, 78 and
80 2θ angles; these bands are attributed to the lattice planes of cubic Ce0.75Zr0.25O2. For PROM100-aged sample, new
reflection bands appear, which could be attributed to monoclinic (P21/c) zirconia ZrO2. At the same time reflection
bands attributed to CeO2 are also observed at 28,23 and 31,47 2θ angles together withvery low intensity reflection
peaks attributed to tetragonal zirconia ZrO2. These results are in agreement with the ones extracted from Raman
spectroscopy measurements: catalyst PROM100-fresh present the Ce0.75Zr0.25O2 mixed oxide, while after artificial
ageing, partial phase separation occurs and sample PROM100-aged present mainly CeO2 and ZrO2 monoclinic phases
with a small contribution of ZrO2 tetragonal phase. Finally, XPS measurements were also performed on the samples;
the most important outcome is that althoughthe copper is found in the Cu1+ and Cu2+ oxidation states for PROM100fresh sample, after the simulated agingthe copper oxidation state Cu2+ is mainly found in PROM100-aged sample.
Physicochemical characterization of trimetallic copper-based nano-catalyst comprising copper, palladium andrhodium
supported on Ce0.75Zr0.25O2 has been achieved for the fresh catalyst as well as for the artificially aged.
Funding information
The research leading to these results has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 953152 (DIAGONAL).
Yakoumis, I., PROMETHEUS: A Copper-Based Polymetallic Catalyst for Automotive Applications. Part I: Synthesis and
Characterization. Materials 2021, 14, 622. https://doi.org/10.3390/ma14030622
2
S. Loridant et al. Raman spectroscopy as a powerful tool to characterize ceria-based catalysts. Catalysis Today, 2021,
373, pp.98-111. https://doi.org/10.1016/j.cattod.2020.03.044
1
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A5.
Monitoring measurements of Ag Nanoparticle Spray-Coated on Textiles
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Background, Motivation and Objective
An automatic lab-scaled spray-coating machine was used to deposit Ag nanoparticles (AgNPs) on textile to produce
antibacterial fabrics. The spray process was monitored for assessing AgNPs release inside and outside the deposition
chamber. This aspect is part of a safe and sustainable-by-design approach that aims toimprove the antimicrobial textile
production process by finding the optimal balance between input (feed) andoutput (waste) materials, controlling and
minimizing the emission determinant.
Statement of Contribution/Methods
The measurement strategy consisted of simultaneously detecting/sampling at two locations: inside and outside(far field
- FF) the spray chamber to measure AgNP concentrations released. The far-field measurement station was positioned
about 4 m from the spray machine. Monitoring included both real-time measurements and post-campaign off-line
analysis of particulate matter collected on filters by FESEM-EDX analysis. Insidethe spray chamber, the particle number
and mass concentrations were obtained by means of a low-cost opticalparticle counter OPC SPS30. The FF sampling
position included a diffusion size classifier (DiSCmini), whichcan determine the lung-deposited surface area (LDSA,
expressed in µm2 cm−3) and the particle number concentration for particles in the 10–300 nm size range, as well as an
aerosol photometer DustTrack.
Results/Discussion
Following an approach proposed by ISO in technical specification ISO/TS 12901-2:2014, the values observed were
compared to the background concentrations as shown in the Figure. We compared the concentration levels as
measured by the DustTrack (particle mass concentration) and the DiSCmini (particle number concentration),
calculating the exposure concentrations as the difference between measured and background concentrations.
Compliance with occupational limits was assessed by comparing our data with the occupational exposure limit (OEL)
reported by NIOSH. Considering an OEL for inhalable silver of 100 µg m−3, we observed that the particle mass
concentration (50 µg m−3) associated with the spray process used (Fig. a) stayed below the OEL, leading to the
conclusion that the spray coating process employed in our experimental condition does not represent a critical scenario
in terms of worker exposure. As regards particlenumber concentrations, the increase of not more than 2 × 103 particles
cm−3 compared to background (Fig. b) remains below the safety limit, 20 × 103 particles cm−3, expressed as nano
referenced values (NRVs). Theseimportant findings suggest that the particle exposure connected with spray coating
stays below the limits set, both in terms of the particle mass and number concentration.

a) Particle mass concentrations measured by means of the DustTrack; b) Particle number concentrations measured by
means of the DiSCmini. Bars show the variability of the concentration (standard deviation).
117

Funding information
This work was supported by the “ASINA” (Anticipating Safety Issues at the Design Stage of NAno ProductDevelopment)
European project (H2020—GA 862444).

A6.
Life-cycle Risk Assessment of Graphene Functional Fabrics: Outcomes, Data Gaps and
Priorities
Authors: James Ede, Ana Diges, Jo Anne Shatkin
Affiliation: Vireo Advisors, Boston, MA, USA

Abstract
Nano Life-cycle Risk Assessment (LCRA) is an adaptive screening-level risk assessment framework. The iterative process
is a semiquantitative evaluation of potential risks of nanomaterials across the product life-cycle to inform early
decision-making about nanomaterial and novel nanoscale technologies. As an independently funded US partner of the
DIAGONAL consortium, Vireo Advisors developed a Nano LCRA for occupational, consumer and environmental
receptors of a graphene composite as a case study.
The analysis identifies potential receptors and exposure pathways at each life-cycle stage. These scenarios are ranked
by applying exposure criteria to identify priority pathways for evaluation. Where possible, potential exposures are
characterized for the priority pathways and evaluated alongside available hazard data in the peer reviewed literature.
The risk assessment uses simplified worst-case assumptions to determine whether more detailed assessments are
warranted to demonstrate safety for the proposed application(s) in functional fabrics.
This talk presents the main findings of the graphene-composite LCRA. Outcomes include a data gap analysis that
identifies gaps in our current understanding of safety for graphene-enabled applications, and a set of research
priorities to address them. The analysis contributes key findings to guide safety testing under DIAGONAL, and toward
the development of Safe(r)-by-Design (SbD) strategies.

A7.
Identifying and quantifying release from ASINA NEP with antibacterial properties, towards
Safe-by-Design strategies along the whole product’s life-cycle

David Burrueco-Subirà1; Nathan Bossa1; Socorro Vázquez-Campos1; Alessio Varesano2; ParideMantecca3; Magda
Blosi4; Anna Luisa Costa4
1
LEITAT Technological Center, Terrassa (Barcelona), Spain
2
CNR-STIIMA (National Research Council-Institute of Intelligent Industrial Technologies and Systems for Advanced
Manufacturing), Biella, Italy
3
Department of Earth and Environmental Sciences, Research Center POLARIS, University of Milan Bicocca, Milan, Italy
4
National Research Council of Italy, Institute of Science and Technology for Ceramics (CNR-ISTEC), Faenza, Italy
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Background, Motivation and Objective
The rising incorporation of nanomaterials (NMs) into market products has increased the concerns about the potential
risks of nano-enabled products (NEPs) at the different stages of their life cycle (from their synthesis,
integration/deposition into final products, use and end of life). Providing solutions by following the Safe-by-Design
(SbD) principles is crucial for a better approach into the reductions of the risk from early industrial development stages.
In line with research responsible innovation (RRI) policy, ASINA has the ambition to promote consistent, applicable
and scientifically sound SbD nano-practices, by considering all the NEPs design dimensions. To this end, relevant NEP
applications relevant for industrial sectors (ASINA value chains) are considered in the project (e.g NEP with
antimicrobial properties for textile applications). Understanding the factors and mechanisms that influence the release
and the transformations of nanoforms is of high relevance when applying SbD strategies.
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Statement of Contribution/Methods
In a first step, the nanomaterial release pathway analysis along and beyond the product value chain of the different
nano-enabled products (NEPs) considered in ASINA was performed. Secondly, for the identified release scenarios as
relevant, specific experiments evaluating potential release conditions were designed. Particularly, for an antibacterial
coated textile (by spraying of a solution of Ag NPs embedded in a hydroxyethyl cellulose (HEC) matrix) potential
nanomaterial releases from the use and the end-of-life stages were simulated and released metal content quantified
by ICP-MS and characterized by electron microscopy techniques. This material release simulations followed a life-cycle
and activity-based design, firstly by alternatingof washing and wearing cycles (soft-abrasion by crock-meter), secondly
by applying stronger abrasion by Taber abrader and ultimately by simulating leaching to evaluate landfilling disposal
at the end of life following the EPA Method 1311: Toxicity Characteristic Leaching Procedure, part of Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods. In addition, the antibacterial performance of textiles against
Staphylococcus aureus and Escherichia coli following ASTM E 2149-13 method was evaluated after washing steps.
Results/Discussion
The quantification of the material released after the cascade of activity studies (i.e. wearing- washing cycles) showed
that the washing steps contribute the most to the material release fromthe textiles. The low release observed from the
wearing simulation suggested a low potential material exposure by direct dermal contact from the coated textile. By
increasing the number of washings, a reduction on the antibacterial activity was also observed. This loss of
performance properties was correlated with the release amounts of Ag from the textiles after the washing cycles.
Leaching results simulating landfilling showed the presence of fibres from the textile and Ag release in the leachate
medium. However, the amount of Ag detected by ICP-MS is much less than the detected in washing waters during the
use phase. Additional efforts are in place to implement the coating process by a safe-by-design strategy and to
characterize the hazardous properties of the AgNPs functionalized materials.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme for the project ASINA under grant agreement No. 862444.
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Background, Motivation and Objective
Advances in nanotechnology have resulted in widespread use of nanomaterials (1-4), bringing with them newand
unreported toxicity hazards. As the applications for engineered nanomaterials continue to grow, there is increasing
demand for modern manufacturing techniques which incorporate safety-by-design (SbD) principles,which improve the
safety of nanomaterial (NM) on the end user while also limiting exposure of production workers to toxic production
media. High-throughput, in vitro screening methods are essential to accelerate theprocess of evaluating the toxicity of
novel engineered NMs produced with new techniques, and to meet the demand for hazard identification (5, 6).
This research is a pre-curser to a core deliverable of the Horizon 2020 SABYDOMA project (7), which aims to achieve
on-line predictive control of industrial production systems through coupling NM release with a novel membrane-onchip screening module, results from which are fed directly back into the manufacture process, to incorporate SbD
principles.
Quantification of the interaction of NM with biological membranes can be provided by a well-established membraneon-chip screening module (8). A strong correlation has been demonstrated between biomembrane interaction
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measured using the membrane-on-chip screening module and physical damage of a biological bilayer membrane (9,
10).
The use of customised flow cells has been successful in understanding the corrosion release of metals and their
composites in specific aqueous environments relating to industrial processes (11, 12). Furthermore, the corrosion
release rate can be controlled by adjustments to fluid composition and temperature to simulate ageing(13). One aim of
the SABYDOMA programme is to also couple the biomembrane sensor with the output of the release cell.
Statement of Contribution/Methods
The membrane-on-chip screening module is a high-throughput, automated screening platform wheremembrane
damage is detected using the technique of analysing capacitance-current peak changes obtained

Figure 1. Schematic of the biomembrane sensor screening technique.through electrochemical interrogation of a
supported phospholipid layer, following the interaction with a biomembrane-active species. Figure 1 displays a
schematic of the screening technique to evaluate biomembrane interaction of NM, with peak ‘A’ highlighting the
capacitance-current peak used during the quantitative comparison (8).
The accelerated release environment, Figure 2, is an automated platform which allows modulation of the pH and
temperature in a once-through release flow cell. The output from the accelerated release environment is coupled
directly to the membrane-on-chip screening module.

Figure 2. Hardware components and fluidic connections of the accelerated release environment, coupled to the
biomembrane sensor cell.
Two tests were conducted to compare the NM release from an accelerated release protocol to the static immersion
protocol standard described in ISO 10271:2020 (14), modified with simulated biological media. For the accelerated
release protocol, test specimens mounted in the accelerated release environment were individually subjected to a
series of static immersions in 1% lactic acid aqueous solution (pH 2.3) while incubated at 60 °C. The lactic acid aqueous
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solution was replaced in 7 stages, with the static period increasingduring each stage by one hour, ranging from 1 to 6
hours. At the end of each stage the leachate was immediatelyscreened with the membrane-on-chip screening module.
The test specimens used throughout were brass coated with SiC impregnated Ni, supplied by JiangSu Cnano
Technology Ltd. (Athens, Greece). NM release was verified by performing Fourier Transform Infrared Spectroscopy
analysis of leachate samples following release studies and Scanning Electron Microscopy of thetested specimen.
Results/Discussion
Results from this study will provide an understanding on the influence of the composition of material release from
electroplated surfaces on their interaction with biological membranes. Through the characterisation of corrosion
release material, we can control the manufacturing process to reduce the susceptibility of the product to release
membrane-active species under aging conditions. This type of system has direct application to the rapid prototyping
of novel electroplated coatings, and to improving the safety of coatings applied to medical prosthetics. The talk will
finally provide a summary of a systematic case study on an electroplated coating relating the biomembrane activity of
the leachate to the coating composition and the stability of the coating toits corrosion resistance and composition.
Funding information
This work was completed as part of the SABYDOMA program, which has received funding from the EuropeanUnion’s
Horizon 2020 research and innovation program.
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Background, Motivation and Objective
Concerns about the environment and the consumption of natural resources arise from the abusive behaviour of
human activities on the extraction of materials and waste generation, which impacts are already being significantly
observed. Currently, the global trend of moving towards a bio-based and circular economy is opening doors for a more
responsible and sustainable utilization of bio-resources [1]. Therefore, renewable resources, such as natural fibres
(cellulose and lignin), are increasingly emerging as innovative sustainable solutions, leading to the replacement of
fossil-based materials.
Both nanoscience and nanotechnology growing fields have been demonstrated potential to transform the industry by
introducing innovative materials that can help to reach the goals of climate-neutral, zero-pollution, sustainable and
circular economy policies of the European Commission’s Green Deal.
BIOMAC (European Sustainable BIO-based nanoMAterials Community) is a Horizon2020 project that will establish an
Open Innovation Test Bed (OITB), a true collaborative ecosystem where technologies and solutions utilising nanoenabled bio-based materials will be upscaled and prepared for market applications. In BIOMAC, nanocellulose,
nanolignin and biochar nanoparticles will be added in the biopolymeric matrices to induce new functionalities, with
the ultimate goal to obtain bio-based nanocomposites with enhanced performance (i.e., thermal stability, flame
retardancy, enhanced mechanical, antibacterial properties, etc.), appropriate for the manufacturing of final
marketable products.
Although it has been assumed bio-based nanomaterials are safe, the new physicochemical properties, size, shape,
surface area, reactivity, among others, might induce new hazards which will have inherently an impact on their safety
[2]. To promote responsible design and development of nanomaterials and products, several approaches have been
emerging. This study describes a set of approaches, frameworks and tools concerning the risk exposure assessment to
nanomaterials. The risk exposure to nanocellulose, nanolignin and biochar nanoparticles will be assessed, having in
mind a safe and sustainable development. Due to a limit knowledge of the interaction of these nanomaterials with the
workers, users/consumers and environment, the risk assessment methodology follows a life cycle thinking. An
evaluation of the risks will be performed in each stage of the life cycle of the bio-based nanomaterials, aiming to
promote proactive actions to manage the identified risks.
Statement of Contribution/Methods
The uncertainties and knowledge gaps associated to the nanomaterials adverse effects on human health and
environment, in all stages of the innovative processes, is leading to the creation of conceptual approaches, frameworks
and assessment methodologies. Safe-by-Design (SbD) was not created especially for nanomaterials, although it has
been applied to innovation in nanotechnology aiming at the development of functional and safe nanomaterials and
products. In a similar systematic approach which emerged more recently, the safe- and sustainable- by design (SSbD)
addresses the sustainability aspects of materials and products under development, being considered as a pre-market
approach [3, 4]. One practical example of using these approaches is for instance to moderate or minimize biological
responses of nanomaterials by surface modification. Risk prevention principles used along with a tiered approach to
perform risk assessment, provide useful resources for the SSbD approach.
The tiered approach is a systematic, cost-effective, consistent, practical and flexible approach, which is based on
established measurement methods. This approach enables to discriminate and quantify engineered nanoparticles
from background and , thus, support the occupational risk assessment and the decision-making on the implementation
of control measures [5]. It does not intend to exclude the health-based strategy of evaluating the nanomaterial toxicity,
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on the contrary, the tiered approach is useful for a better understanding of the potential risks in occupational settings
and for the implementation of a more adequate action, to the detriment of a more conservative approach.[6]. The
identification of scenarios with higher potential exposure to nanomaterials, complemented with in-situ monitoring
activities, can help to better direct resources for a detailed toxicological evaluation. Human and environmental hazard
assessment will be done employing different in vitro cellular models, following standardised test guidelines.
In the present work several frameworks will be used as guides to systematically identify and assess the potential risks
of nanocellulose and nanolignin, from occupational, consumers and environmental exposure through the
nanomaterials life cycle. Some examples are: Nano LCRA [6], MARINA Risk assessment strategy [7] and NANoREG [8].
All these frameworks consider a common base which is settled on a screening-level risk assessment in all stages of the
nanomaterial life cycle. Besides the frameworks, risk screening or control banding tools are often used to estimate the
exposure, select risk control measures or to assess the benefits and risks of the nanomaterials and nanoproducts.
LICARA nanoSCAN [9] and Stoffenmanager Nano [10] tools will be used to assess the exposure risks of workers,
users/consumers and environment to the bio-based nanomaterials developed during BIOMAC project, and to estimate
the inhalation exposure in occupational settings.
Results/Discussion
Risk assessment strategies, based on safety and sustainability principles are expected to provide the bioplastics
industry (and others) a faster market entry of the nano-enabled products, as ensures that substances can be produced
and consumed in a way that does not adversely affect human health or the environment.
Funding information
This work has received funding from the European Union’s Horizon 2020 research and innovation programme under
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Track 1B: Hazard, Exposure and Safe & Sustainable by design
A10.
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Background, Motivation and Objective
Your text explaining what has been done previously and why this work is of importance.
Metal matrix composites (MMCs) have become an important part of most production component in terms of material
selection. Its combination with Additive Manufacturing technologies it is very promising, and could also reduce the
environmental damages caused by manufacture processes. The production of powder has been investigated and
successfully implemented, but there is no information available on the environmental performance of such methods.
This study evaluates the production of Ti6Al4V-TiC by High-Energy Ball Milling (HEBM) under the Life Cycle Assessment
(LCA) methodology framework, and performs in addition a cost analysis, comparing it with the more conventional
route of Gas Atomization (GA) for pure titanium powder production.
Statement of Contribution/Methods
Description of equipment, methods used.
The LCA methodology used is according to the ISO framework (ISO 14040:2006) and referring to the recommendations
and requirements given by the European ILCD guidelines and the impact assessment method of the Environmental
Footprint (EF) initiative, introduced by the European Commission. The LCA software used for the data calculation is
the SimaPro® 9.3 (PRé Consultants) together with Ecoinvent v3.8 databases.
Results/Discussion
Presentation of the results obtained and discussion of the results.
Preliminary results show a much better environmental performance, measured under the weighting factor score, for
the HEBM compared with the GA. The introduction of the TiC nanoparticle in the matrix, which improves component
performance, does not generate a substantial alteration in the increase of the environmental toxicity, but the higher
quantity of argon and energy used in GA makes this process more harmful. GA it is a more established technology with
greater incorporation in the industry, thus more economical, and the nanoparticle price increases the cost of the HEBM
method. However, the lower environmental impact and future perspective of improvement makes this last technology
more promising in terms of sustainability. Additionally, HEBM enables as well the production of MMCs components,
that can replace conventional materials because of the enhanced mechanical properties that they confer. These
MMCs can feed AM technologies, therefore manufacturing products with lower weight and higher strength.
Funding information
This research has received funding from the European Research Council (ERC) under the European Union's Horizon
2020 research and innovation programme (Grant Agreement No. 826312) in the context of the LightMe project. It has
also received funds from Board of Education of Junta de Castilla y León and the European Social Fund. The authors
want to acknowledge the support of MBN Nanomateralia for the data about processes.
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Adaptation and validation of test methods for physicochemical characterization of
nanomaterials: the RiskGONE approach
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Background, Motivation and Objective
At present, only few test guidelines (TGs) and guidance documents have been validated by regulatory or standardizationbodies
(e.g., OECD, ISO, CEN) to be used for engineered nanomaterials (ENMs). One of the aims of the RiskGONE project (Science-Based Risk
Governance of Nano-Technology, H2020-NMBP-13-2018) is to support and expand the work of the“Malta initiative” by developing
and pre-validating draft guidance documents for the characterization, fate and in vitro dosimetry of ENMs. This effort will
contribute to identifying a panel of basic methods to determine the main ENMphysicochemical properties responsible for the
nanotoxicity and adverse outcomes to be fed back into the Safe-by-Design (SbD) strategies for ENMs.
Statement of Contribution/Methods
The study focused on a selection of ENMs representative of different classes, i.e: 1) Metal and metal oxides, 2) PLGA- coated and
3) carbon-based nanomaterials (MWCNTs). The applicability of existing TGs and protocols generated within previous (e.g.,
NANoREG, NanoMILE) and ongoing (e.g., NanoReg2, caLIBRAte, PATROLS, etc.) EU-funded projects to the selected ENMs has been
verified through a series of Round Robins (RRs) in order to suggest potential adaptations,where necessary. The RRs have been
used as a pre-validation step for the generation of Standard Operating Procedures (SOPs) on a panel of methodologies for the
basic physicochemical characterisation of ENMs, their in vitro dosimetry andtheir environmental fate.
The techniques investigated were chosen considering the following criteria:
• Implementation capability
• Accessibility of the technique for SMEs (reduced cost and simple applicability)
• Robustness
• Availability of new instruments (e. g. dynamic light scattering (DLS) or nanoparticle tracking analysis (NTA) notadopted by
the old OECD TG110 (Particle Size Distribution/ Fibre Length and Diameter Distributions)
Different rounds of Interlaboratory Comparison were performed to confirm the repeatability and reproducibility of the methods
to determine ENM dispersibility, hydrodynamic diameter and size distribution, particle number, zeta potential, effective density,
and endotoxin contamination.
Results/Discussion
The RR exercises allowed to prepare internally pre-validated draft guidance documents for characterisation of
physicochemical properties, environmental fate, and dosimetry of ENMs including dispersibility of ENM, determination of surface
charge of ENMs, determination of endotoxin content of ENMs, determination of ENM particle number in suspension,
determination of hydrodynamic diameter and size distribution of ENMs in water as well as in relevant biological media. Potential
integrations/modifications to the existing TGs have been proposed by considering the relevance of specific parameters that were
confirmed as key players with a view to a broader harmonization of the protocols. Data was collectedthrough the harmonised Data
Collection Templates and shared through the eNanoMapper platform, in agreement with theFAIR principles. A deep statistical
analysis performed at the end of each RR allowed to determine accuracy and precision of the interlaboratory results and to identify
potential weaknesses that were then addressed in the following round. In addition,relevant SOPs have been selected for translation
into standard project submission forms (SPSF) to be submitted to OECD.
Funding information
Supported by H2020-NMBP-13-2018 RiskGONE (Grant Agreement no 814425).
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Background, Motivation and Objective
The respiratory system is the most important exposure route of nanomaterials (NMs) in humans, due to its large
surface area. For next generation human hazard and risk assessment of NMs, new alternative methods (NAMs), such
as development of advanced 3D in vitro models, are needed in compliance with the 3´Rs to reduce, replace and refine
animal experiments. The aim of this study was to compare the genotoxicity responses of the human epithelial
bronchial (BEAS-2B) and alveolar (A549) cells cultured at the air-liquid interface (ALI), both in mono-cultures and in cocultures with human endothelial EA.hy926 cells, after aerosol exposure to reference silver NMs (NM-300K).
Statement of Contribution/Methods
BEAS-2B or A549 cells were cultured at the air-liquid interface (ALI) in monocultures, and in cocultures with EA.hy926
cells. The cultures were exposed for 24h to aerosolized NM-300K (1 and 10 µg/cm2) and control solutions in the
VitroCell™ cloud system. Cellular viability was measured by AlamarBlue assay, interleukins (IL-6 and IL-8) by enzymelinked immunosorbent assay, DNA damage by the enzyme-modified version of the comet assay with positive control
hydrogen peroxide (H2O2, 12-100 µM), and chromosomal damage by the cytokinesis-block micronucleus assay with
positive control mitomycin-C. Barrier integrity of the 3D lung models was measured by breakthrough analysis of
fluorescein sodium salt and silver. The experimental design allowed analysis of several endpoints from the same
sample, for higher throughput, reduced costs and sustainability by design.
Results/Discussion
NM-300K at 10 µg/cm2 reduced the cellular viability in monocultures of BEAS-2B and A549 cells, but not when each of
the cells were cocultured with EA.hy926 cells. A trend with increased levels of IL-8 was found after NM300K exposure
of all culture models. Genotoxic responses was dependent on both cell type and model. BEAS-2B in monocultures had
highest sensitivity to NM-300K, and BEAS-2B in cocultures had higher sensitivity to induction of DNA damage by H2O2
and micronuclei by mitomycin-C than the other cell types. No effect on viability or DNA damage was found in EA.hy926
cells after exposure to NM-300K, although the culture models did not have a tight barrier. This work indicates that the
four ALI lung models have different sensitivity to exposure for NM-300K measured by cytotoxicity and genotoxicity by
DNA/chromosome damage, which is important knowledge for the further development of advanced 3D respiratory in
vitro models.
Funding information
The work was financially supported by the Norwegian Research council projects NanoBioReal (288768) and PhD
project (E.E.) (272412/F40), by TEPCAN project granted in the Programme "Applied research" under the Norwegian
Financial Mechanisms 2014 – 2021 / POLNOR 2019 (EEA and Norway Grants), Thematic areas: Welfare, health and
care (NCBR Funding No. NOR/POLNOR/TEPCAN/0057/2019-00), by the European Union’s Horizon 2020 research and
innovation programmes RiskGONE (grant agreement no. 8144259), and by TWINALT (grant agreement no. 952404 —
H2020-WIDESPREAD-2020-5).
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Background:
A detailed assessment of individual NPs-cell interactions will be critical for understanding the functional implications
of nanoparticles in various application. To date, very few studies, describe the nanoparticle-mediated effects on cell
adhesion and cytoskeleton dynamics including cell migration. Here, we are presenting the impact of nanoparticles on
cell cytoskeleton and morphology.
Methods:
The current study used high throughput proteomic and complementary techniques to reveal the nanoparticle's
mechanosensing, resulting in modulating the cell morphology. The cellular viability ofCHO-K1 cells upon exposure to
three types of NPs (ZnO, MWCNT and MSN) were assessed by theMTT, WST-8, LDH and trypan blue assay after 24 h of
incubation.We also performed three cytostaticassays, cell morphology analysis (6, 12, and 24 h), colony formation assay
(72 h), and wound healingassay (6, 12, and 24 h).
Results:
Our findings reveal context depended morphological alteration, decrease in cell viability and prevention of cell
adhesion. Our results suggest that nanoparticle toxicity should not only be assessedconsidering cell viability but also
concerning cell morphology related functional aspects. In connection that, our study on morphological assessment
showed the adverse effect of ZnO NPs makes the cell rounded and unable to adhere, MWCNT can induce cell
enlargement and more effective spreading. Interestingly, we identify the critical candidate regulating actin dynamics,
cell migration,and membrane protrusions such as cofilin, Dlc-1, Dock-3 and UBXN11. Thus, our overall proteomicsfinding
provided new insight into the cell dynamics linked to the Rac-Rho signaling pathway. The results are promising, and
further may helper to early nanosafety assessment and more effective nano- carriers design with improved
performance, for future work flow.
Funding information: KY is grateful to the Indian Council of Medical Research (ICMR) for providing the Senior
ResearchFellowship (SRF) grant.

Figure: Schematic representation of the distinct pathway for internalization of MSN, MWCNT, andZnO NPs in
CHO-K1 cells.
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Development of a liver carcinoma biomarker panel in 3d hepg2 liverspheroids following
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Due to the rapid development of engineered nanomaterials (ENM), exposure is inevitable, and the development of
robust, predictive in vitro hazard testing systems is essential. Hepatic toxicology is importantwhen considering ENM
exposure, as the liver is the major site of ENM secondary deposition and accumulation post exposure, as well as being
vital in metabolic homeostasis and detoxification. There is an accepted understanding that 2D hepatocyte models do
not accurately mimic the complexities of multi- cellular interactions and metabolic activity observed in vivo. Based on
this and in line with the 3Rs, we have focused on the development of physiologically relevant 3D liver models tailored
for ENM hazard assessmentpurposes in vitro. At present, the standard in vitro hazard characterisation approaches
suffer limitations for evaluating ENM and so it is important to determine these potential hazards under more
physiologically relevant and realistic exposure scenarios in target organ systems, to minimise the necessity for in vivo
testing. We have developed an advanced 3D in vitro liver model that better mimics the in vivo environment to better
understand the human health hazards (i.e., genotoxicity, inflammation and altered gene expression) associated with
ENM exposure. Adverse Outcome Pathways (AOP) describe the sequence of key events (KEs) that are required to result
in a pathological event (or adverse outcome) and are therefore considered to be useful mechanistic tools for the
development of novel endpoint targets for both human and environmentalrisk assessment. Our work also focuses on
the application of our advanced 3D liver model following nanomaterial exposure to detect KEs that are indicative of
liver carcinogenesis to better support predictive toxicology. The aim of these studies is to enhance our understanding
of biological alterations induced by ENM exposures using physiological relevant models while also demonstrating the
potential for the identification of new biomarkers that could predict clinical outcomes.
Funding information
Research funded by EU Horizon 2020 project PATROLS (EU Grant Agreement #: 760813).
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Abstract:
Metallic nanoparticles (MNPs) represent important category of
engineered nanomaterials, also in the healthcare sector
including antiseptic coating, diagnostic agents and medical
devices,. However, there is still a huge lack of unambiguous
safety profile regarding their health implications, occupational
and medical risks and hazards. Additionally, sex-related research
and innovation is still under-recognised, unfamiliar, not
practiced, or not well integrated into the design of the
nanotechnological and nanomedical research [1].
Sex-related differences in the toxic effects of MNPs, although
Figure: The conceptual framework of undertaken
being subtle and in many cases insignificant, are intriguing
research.
researchers’ interest [2]. Our recent comprehensive study in
rodents treated with silver NPs revealed sex-related differences
in biological response, biodistribution, oxidative stress and protein expression response following either acute or subacute exposure to AgNPs [3-4].
Although our studies did not fully elucidate the mechanisms behind observed sex-related differences, they underline
the importance of incorporating sex as a biological variable when assessing safety of nanomaterials.
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Background, Motivation and Objective
One of the major aims of toxicogenomics is to characterise the mechanism of action (MOA) of potentiallyhazardous
materials, and many transcriptomic datasets have been generated to investigate the responses ofexposed biological
systems. However, the identification of shared signatures across different exposures is limited by the heterogeneity
of transcriptomics data, further biased by differences in experimental setting and small-scale datasets. The moderate
degree of similarity across transcriptomic data prevents grouping of toxicants that could streamline nanomaterial
safety assessment, as well as the definition of models to improve in vitro-in vivo extrapolation (IVIVE).
In contrast with transcriptional profiles, DNA regulatory elements are usually well conserved across biological systems,
and their alteration is associated with more stable physiopathological changes. Here, we hypothesise that common
patterns of gene regulation could explain the cellular or organismal responseto a variety of engineered nanomaterials
(ENM) across biological systems, highlighting conserved adaptiveresponses.
Statement of Contribution/Methods
In this work, we performed a meta-analysis of the currently largest collection of transcriptomics data for ENM, in which
the expression of 3,676 genes is measured across 584 experimental conditions. We assessedthe specificity of our results
by comparing to signatures of drug exposure derived from the Open TG-Gates database. We further curated and
described a panel of molecular descriptors correlated with the genes most
deregulated by ENM. In order to identify specific patterns of transcriptional alteration in ENM exposures monitored
over the long-term monitored, we identified sets of genes frequently altered in acute and chronicexposures, both in
vitro and in vivo and scanned their promoter regions for regulatory elements.
Results/Discussion
Functional annotation of the meta-analysis ranking highlighted immune deregulation as a common pattern of
molecular alteration across different ENM-exposures and demonstrated that this molecular mechanism is nanospecific, with limited similarity to the molecular responses exerted by small molecule drugs. Promoter analysis of genes
altered in long term monitored exposures highlighted conserved binding sites for a set of transcription factors (TFs),
mainly including Zinc fingers C2H2, involved in chromatin remodelling and immune function regulation. A comparison
with the complete transcriptional responses showed these TFs to regulate the most significantly altered genes in all
the original datasets, regardless of the experimental setup. Similarly, these TFs regulate genes involved in responses
to ENMs in non- mammalian species of ecotoxicological interest, implying that this mechanism may have been
conserved by natural selection. In conclusion, our study suggests that an ancestral regulatory model may explain the
response to ENM across the tree of life. We shed light on an as-yet unexplored view of the adaptation response, and
suggest the regulatory landscape as a conserved, consistent, and less complex layer via whichto analyse the ENM MOA.
The stability of this layer opens up new avenues for risk assessment of ENMs and can possibly bridge ecotoxicology
and human toxicology.
Funding information
This research was funded by EU H2020 NanoSolveIT project (grant number 814572).
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A17.
Neurotoxicity of nanomaterials are associated with their biotransformation
Peng Zhang, Zhiling Guo, Iseult Lynch
University of Birmingham, Birmingham, United Kingdom

1

Background, Motivation and Objective
ENMs are highly affected by their surroundings, transforming chemically, agglomerating, and/or acquiring an evolving
coating of or biological macromolecules; these processes may give ENMs a new identity, distinct from their initial
“synthetic” one, which may compromise detection and tracing of their transformation products. The transformation
process determines their subsequent biological behaviour and effects. Our objectives are to elucidate the link between
the biotransformation of nanomaterials and their neuotoxicity.
Statement of Contribution/Methods
I am the leading authors in these works. We used synchrotron based XAFS technique combined with multiple omics
techniques.
Results/Discussion
Previous studies indicate that exposure to zinc oxide nanoparticles (ZnO NPs) may potentially cause brain damage in
mammals; however, the mechanism remains unclear. In particular, their effect on brain energy metabolism, which is
essential for maintaining brain function, is unknown. We demonstrates that intranasal exposure to ZnO NPs causes a
decrease in the relative brain weight of rats and induces structural and pathological changes in the brain. Multiomics
data consistently demonstrate the alteration of energy metabolism in the brain, including upregulated glycolysis, a
downregulated tricarboxylic acid cycle, and oxidative phosphorylation, as well as downregulated fatty acid βoxidation, an alternative pathway for an energy supply. As a result, the adenosine triphosphate (ATP) levels in the
brain are depressed. ZnSO4 exposure results in similar Zn accumulation, identical Zn chemical species, and similar
patterns of effects on the brain compared to ZnO NPs, suggesting that the effects observed in the ZnO NP group are
mainly caused by the biotransformation induced release of Zn2+. This study provides the first in vivo evidence for
compromised brain energy metabolism induced by ZnO NPs which is highly associated with the biotransformation of
nanomaterials.
Funding information
This work was financially supported by the National Natural Science Foundation of China (Grants 11405183,
11875267). Additional financial support from EU H2020 grant SABYDOMA (Grant no. H2020-NMBP-TO-IND-2019862296) and NanoSolveIT (Grant no. 814572) is appreciated.
Reference
1. Zhiling Guo, Peng Zhang*, Yali Luo, Heidi Qunhui Xie, Lijing Bu, Yiyun Liu, Swaroop Chakraborty, Fazel Abdolahpur
Monikh, Yongchao Ma, Zhiyong Zhang, Iseult Lynch, and Bin Zhao*. Intranasal Exposure to ZnO Nanoparticles
Induces Alterations in Cholinergic Neurotransmission in Rat Brain. Nano Today 2020, 35, 100977.
2. Zhiling Guo, Peng Zhang*, Heidi Qunhui Xie, Bin Zhao, Iseult Lynch. First In vivo Evidence for Compromised Brain
Energy Metabolism upon Intranasal Exposure to ZnO Nanoparticles. Environmental Science & Technology Letters
2020, 7, 315-322.
3. Zhiling Guo, Peng Zhang*, Andrew J Chetwynd, Heidi Qunhui Xie, Eugenia Valsami-Jones, Bin Zhao, Iseult Lynch.
Elucidating the mechanism of surface functionalization dependent neurotoxicity of graphene family
nanomaterials. Nanoscale 2020, 12, 18600 (HOT article)
Funding information
This research was funded by EU H2020 NanoSolveIT project (grant number 814572).
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A18.
Scientific basis for adapting technical guidelines for nanomaterials testing: the case of the
OECD Test Guidelines with algae, daphnia and fish.

Susana Loureiro1, Fábio Campos1, Nicolas Manier2, Pascal Pandard2, Jose María Navas3, Gerardo Pulido-Reyes3, Maria
Luisa Fernández-Cruz3
1University of Aveiro, CESAM & Dept. Biology, Portugal
2Institut National de l'Environnement Industriel et des Risques, Verneuil en Halatte, Picardie, France
3National Institute for Agricultural and Food Research and Technology, CSIC, Dept. Environment and Agronomy,
Madrid, Spain
Background, Motivation and Objective
Some issues have been highlighted during the last years on how to apply the most commonly used aquatic ecotoxicity
tests to nanomaterials (NMs), which are required in REACH and CLP regulations (Test Guideline (TG) nº 201 Algal
growth inhibition test, TG 202 Daphnia sp., acute immobilization test and TG 203 Fish, acute toxicity test). Aiming at
filling in some of these gaps, appropriate approaches on experimental set up and practical methods will enlarge the
scientific basis for the eco-toxicological testing of NMs and generate technical recommendations. This scientific
evidence will support the development of guidance which will be included as annexes to the “Guidance Document on
aquatic and sediment toxicological testing of nanomaterials” (OECD Guidance Document N°317).
Statement of Contribution/Methods
Initially, identification and collation of data, protocols and SOPs from completed and ongoing national and
international initiatives were performed, to define possible improvements in the protocols of the aforementioned TGs
allowing their application to NMs, in close collaboration with a dedicated working group established at OECD. Several
NMs obtained from the JRC NM reference list have been selected as representative NMs : TiO2 (NM 101,104), ZnO
(NM 110, 111), SiO2 (NM200), MWC nanotubes (NM400, 401), BaSO4 (NM220) and Bentonite (NM600).
Results/Discussion
Protocols are now under optimization, and results of the gap analysis and of initial experiments will be presented
aiming at the best approaches to improve the performance of the three assays with algae, daphnia and fish. These
results include improved and appropriate methodologies regarding endpoints, measurements, test design,
experimental media and dilutions.
The dispersion protocol used for some NM, showed consistency between the three labs involved within the TGs 201,
202 and 203. An enhanced protocol using organic matter is being carried out, with further developments aiming at
improving NM dispersion. Algae counting methods, exposure vials, setup and mechanical effects are some of the
explored methodologies and approaches tested.
Funding information
This work receives funding from the European Union's Horizon 2020 research and innovation programme under the
project NanoHarmony- Towards harmonized test methods for nanomaterials, grant agreement No 88593.
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Track 1B: Nanoinformatics and data management
B1.
Reusability of data from acute toxicity studies in aquatic organisms and
bioaccumulation studies in fish – building templates for the eNanoMapper database.
Judit Kalman1, Salomé Martínez1, Mona Connolly1, Gerardo Pulido1, Nina Jeliazkova2, Nikolay Kochev2, Svetlana
Avramova2, Nicolas Manier3, María Luisa Fernández-Cruz1
1
National Institute for Agricultural and Food Research and Technology (INIA), CSIC, Department of Environment
and Agronomy, Madrid, Spain; * Email contact: fcruz@inia.es
2
Ideaconsult Ltd., Sofia, Bulgaria
3
Institut National de l'Environnement Industriel et des Risques, Verneuil en Halatte, Picardie, France
Background, Motivation and Objective
Acute toxicity and bioaccumulation studies form part of environmental risk assessment required in several
regulatory frameworks. The most commonly used aquatic ecotoxicity tests include algal growth inhibition
(OECD test guideline (TG) 201), daphnia acute immobilization (TG 202), fish acute toxicity (TG 203) and
bioaccumulation in fish via water and diet (TG 305) studies. Although research on the ecotoxicity of
nanomaterials have been expanded, the reusability of data generated from these studies is not always possible
due to some deficiencies in the reporting of data. In addition, the available databases are not appropriate for
metadata collection due to the specificity of each group of tests and for the specific physicochemical
characteristics of nanomaterials. The objective of the present work was to generate templates which ensure
the reusability of data. These templates collect the most relevant information of the study and include a tool
to assess its quality. Different templates for each mentioned tests have been developed and will be included in
the eNanoMapper Nanosafety Data Interface (https://search.data.enanomapper.net/help/#templatewizard).
Statement of Contribution/Methods
Templates have been developed for each of the five tests, algal growth inhibition, daphnia acute
immobilization, fish acute toxicity and bioaccumulation in fish after aqueous and dietary exposures. These
templates include minimum information requirements for completeness and reliability related to nanomaterial
testing. Data entry templates have been developed in Microsoft Excel sheets following the Template Wizards
structure to facilitate their incorporation into the eNanoMapper database. They are divided in different
sections, covering information on the pristine material, stock dispersion, dispersion in exposure media, details
on species, description of test design, analytical methods and the results, and the vocabulary were harmonized
following the OECD OHT. To assess the quality of the studies a quality scoring system has been included in the
template. This scoring system is based in the GUIDEnano approach (Fernández-Cruz et al. 2018) which is based
on two scores to assess: 1) the physicochemical characterization of the nanomaterial (score S); 2) the reliability
of the study (score K). The K score follows the Klimish score (Klimish et al. 1997) which assess the design and
reporting of the study. S and K scores are based on answering Yes or No to different questions. The scores are
calculated automatically based on scoring these questions as 1 or 0, respectively. There are some questions
(red questions) which are considered mandatory to be able to rely and reuse the data. The combination of S
and K determine the final quality of the study (Q score). The studies are classified in unacceptable, medium,
high and very high quality according with the completeness of these questions.
In addition, the templates present different Excel sheets to introduce the raw data for ecotoxicity test
and physico-chemical analyses, and to detail further the methods used in the preparation of exposure
suspensions or feed and the analyses performed to measure the stability of the NMs in terms of concentration
and modification of the nanoform (dissolution, aggregation, etc.) and the analyses of the NMs concentration
in fish. Templates were tested and improved by introducing set of data available from peer-reviewed articles
to evaluate the current status of testing of nanomaterials in terms of quality and information gaps.
Results/Discussion: Templates have been developed to input all relevant data and critical information to allow
the assessment of the completeness and reliability of studies performed using an automatic quality scoring
system (Figure 1).
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Figure 1. Example of the template for bioaccumulation studies via aqueous exposure

A literature review on nanomaterials bioaccumulation studies in fish (2007 – 2021) has been performed using
major scientific databases. It was possible to assess their quality and to identify the main information gaps by
introducing data from 67 peer-reviewed bioaccumulation studies into the templates developed for aqueous
(50 studies) and dietary (17 studies) testing. The main gaps identified were the measurement of the size and
concentration in the exposure medium, the stability of the MN during the whole test as well as the purity of
the NM. Also the characteristics of the organism used in the test was normally not mentioned and the values
of BCF or BMF were not indicated.
Templates for algal test were also tested using available studies from literature. The characterization related
to purity and/or impurities of the pristine MN as well as details on how the test were performed (exposure
systems used, methods for the algal growth determination) were identified as the main gap in the actual
studies.
Fish acute toxicity data from 34 studies have been introduced into the templates. The main identified
information gaps according to NM characterization are related to purity and/or impurities of the pristine MN
and size or shape in both pristine and exposure medium. Another systematic lack was the study of the stability
of the exposure concentrations. Related with the reliability of the study (e.g. experimental design and results
provided) fundamental details about animal feeding regimen during test, renewal of the water, use of
appropriate controls or the test organism species were lacking (e.g. size, animal age/life stage). In summary,
templates have been developed for ecotoxicity studies of NMs (algae, daphnia and fish) which include a tool
to assess the quality of the study to facilitate the reusability of data. These templates are being implemented
in the eNanoMapper database Template Wizard. The use of these templates would aid future studies to meet
completeness and overall quality requirements in line with FAIR principles.
References
-Fernández-Cruz ML, Hernández-Moreno D, Catalán J, Cross RK, Stockmann-Juvala H, Cabellos J , Lopes VR,
Matzke M, Ferraz N, Izquierdo JJ, Navas JM, Park M, Svendsen G, Janer G (2018) Environmental Science: Nano,
5, 381
-Klimisch HJ, Andreae M, Tillmann U (1997). Regulatory toxicology and pharmacology, 25: 1-5.
Funding information:
The authors thank H2020 projects Gov4Nano (Grant Agreement nº 814401) and NanoHarmony (Grant
agreement nº 885931) for its funding.
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B2.
Can all experimental nanosafety data be reused? No. Let’s help improve the situation
Ammar Ammar (1), Chris T. Evelo (1, 2), Egon L. Willighagen (1)
(1) Department of Bioinformatics - BiGCaT, NUTRIM, Maastricht University, The Netherlands
(2) Maastricht Centre for Systems Biology (MaCSBio), Maastricht University, The Netherlands
Abstract
Studying nanomaterials, their effects and risks on biological systems is of great importance to improve our
fundamental understanding of their properties and safety. However, lab experiments needed for such studies
are time and resource consuming. Moreover, reusability of previously produced data to help in developing
computational risk assessment tools is still limited due to the lack of machine-readable metadata standards
and consistency in experimental reporting. Fortunately, several minimum reporting standards (MRS) were
developed in the field which makes developing a machine-friendly approach to process, annotate and assess
datasets according to those standards the logical next step.
In recent years, the FAIR concept arose, aiming at making the data Findable, Accessible, Interoperable and
Reusable. The subprinciple R1.3 is of a special interest to us which states that (meta)data meet domain-relevant
community standards. Such standards describe the minimal information that needs to be documented, if the
data was measured in the correct way, or if it meets regulatory requirements. Making the community standards
in the nanosafety domain available within the FAIR reusability aspect R1.3 is highly valuable and could bring
outstanding benefits regarding data standardization, sharing and reuse.
In this work, we demonstrate our framework for NanoSafety Data Reusability Assessment (NSDRA) (freely
available online: https://nsdra.org). Data FAIRness can be assessed using maturity indicators (MI). A FAIR
maturity indicator is a measurement that can be used to determine if a digital resource fulfills a particular FAIR
(sub)principle. We identified 12 sources for minimum reporting standards in the nanosafety domain. Next, from
the extracted variables/parameters, we created 281 maturity indicators using machine readable Markdown
and nanopublication formats. Second, we developed a metadata generator web application to help data
creators generate machine-readable metadata (JSON-LD format) in compliance with the defined maturity
indicators. Finally, we created a web application to assess nanosafety-related digital resources' reusability by
scraping the target URL related to the dataset, extracting JSON-LD metadata and assess the measured variables
according to a subset of maturity indicators defined by the user doing the assessment.
With this approach we show that we can transparently record and communicate the quality of experimental
data and metadata. It will not make the data better, but it will describe for which use cases (e.g. exploration,
mechanistic research, or regulation) certain data can be reused.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme: NanoSolveIT under grant agreement No 814572, RiskGONE under grant agreement No 814425.
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B3.
Reuse of genotoxicity data on nanomaterials: the importance of being FAIR
Cecilia Bossa1, Cristina Andreoli1, Martine Bakker2, Flavia Barone1, Isabella De Angelis1¸ Nina Jeliazkova3, Penny
Nymark4 and Chiara Laura Battistelli1
1
Environment and Health Department, Istituto Superiore di Sanità, Rome, Italy
2
Centre for Safety of Substances and Products, National Institute of Public Health and the Environment (RIVM),
Bilthoven, The Netherlands
3
Ideaconsult Ltd., Sofia, Bulgaria
4
Karolinska Institutet, Stockholm, Sweden
Background, Motivation and Objective
A great amount of data on the safety of nanomaterials have been produced over the last decades, mainly driven
by regulatory pressure towards their safe use. Although nanosafety data are essential to support risk
assessment, for the development of predictive models and in general for advancing knowledge on mode and
mechanisms of toxic action, their effective reuse is hampered by several obstacles (Jeliazkova et al. 2021). A
great stimulus for improving the management of scientific data comes from the FAIR principles (i.e., Findable,
Accessible, Interoperable, and Reusable, Wilkinson et al. 2016), which summarize the key characteristics that
data and metadata must have in order to optimize reusability. Different international projects and initiatives,
among which the EU H2020 Gov4nano project (www.gov4nano.eu), are addressing the challenge of advancing
nanosafety data FAIRness, for maximizing their availability, understanding, exchange and ultimately their
reuse. These efforts are largely supported by the creation of a common Nanosafety Data Interface
(https://search.data.enanomapper.net/) through the eNanoMapper database (Jeliazkova et al. 2015). A
number of case studies have been performed in Gov4nano to demonstrate the reusability of nanosafety data,
progressing from data quality assessment and curation to translation of data into formats suitable for specific
purposes (e.g., for reuse in (Q)SAR based approaches and/or in risk assessment tools) (Bossa et al. 2021).
The work presented here illustrates the Gov4nano case study on reuse of in vitro Comet test data available in
the Nanosafety Data Interface. Problems related to quality assessment, curation and translation are analyzed
and addressed together with FAIRification needs, with a view to reuse data in predictive toxicology and risk
assessment.
Statement of Contribution/Methods
The data available for the case study were retrieved from the Nanoreg2 and Gov4nano instances of the
Nanosafety Data Interface. They originate from experiments performed in several EU-funded projects (i.e., FP7
NANo-REG, NanoGenoTox, H2020 NanoReg2). In particular, the selected in vitro Comet data were performed
in three different cell lines (Caco-2, A549, BEAS 2B) to study DNA strand breaks and oxidized DNA lesions
induced by different TiO2, SiO2, and ZnO nanoforms. Three templates for in vitro Comet experiment reporting,
produced in recent EU projects, were analysed. Regarding the data on TiO2, the recent EFSA assessment on
titanium dioxide as a food additive has been taken as a reference in the regulatory field (EFSA FAF Panel 2021).
Results/Discussion
The Gov4nano genotoxicity case study served as an example to illustrate the needs and benefits of FAIRification
of nanosafety data. The recent EFSA evaluation of titanium dioxide as a food additive (EFSA FAF Panel 2021)
demonstrates the enormous effort made in collecting data, performing quality assessment and interpreting
results, activities that would have greatly benefited from having data FAIR.
FAIRness of a large variety of genotoxicity data for NMs is increasingly guaranteed by the use of a FAIR
infrastructure, such as the eNanoMapper data model, where the problems encountered in managing and
harmonizing test data from different sources have been solved with the implementation and refinement of
community-developed standards (i.e., a domain-specific ontology) and mapping procedures. Moreover,
guided data entry procedures are being developed to further minimize possible inconsistencies in reporting of
data to be stored in eNanoMapper-supported databases.
Despite these significant advances, the reusability of existing genotoxicity data in predictive toxicology and risk
assessment is still limited in some respects.
Relevant metadata, which can play an essential role in interpreting the results and resolving contradictory
outcomes, are often poorly reported in the original studies. Consequently, their implementation in the
database cannot be fully FAIR compliant.
136

Furthermore, there’s a lack of agreement on the minimum set of parameters to be reported to univocally
characterize an experiment and ensure its reproducibility and comparability with other similar experiments. In
this context, efforts ongoing in a collaboration between NMBP-13 Gov4nano and RiskGONE projects to
implement the recent community-defined standards in a refined in vitro Comet reporting template to be used
by data providers, are a good way forward.
Being a relatively young and highly multidisciplinary research area, standardization in nanoscience is
particularly challenging. Although many experimental data on characterization and effects of nanomaterials
are produced, the methods, protocols and parameters driving their generation are not fully mature. In this
context, the FAIRification process has proved to be a necessary condition, highly interconnected with quality
assessment, curation and translation activities, to optimize nanosafety data reuse.
Funding information
This work was performed within the EU project Gov4Nano, funded by the Horizon 2020 Research and
Innovation Programme under Grant Agreement 814401.
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B4.
The GO FAIR Advanced Nano Implementation Network
Verónica I. Dumit, Blair Johnston, Martine Bakker, Andrea Haase, BfR
The FAIR (Findable, Accessible, Interoperable and Reusable) principles give data greater value and enhance
their prospect of re-use, by humans and by machines. Within the Gov4Nano project, we have launched the GO
FAIR AdvancedNano implementation network (IN), intended to actively support the implementation of the FAIR
principles in the current nano-EHS data(bases), i.e. data on NM physicochemical characteristics, release and
exposure, toxicity and functionality. The main objective is to contribute to the nanoscience field, specifically in
the areas of grouping and read-across, hazard and risk assessment, Safe by Design, development of in silico
approaches (e.g. QSARs) and development of nano-Adverse Outcome Pathways. In addition, the
AdvancedNano IN has as objective to smooth the process of data FAIRication for the key players in nanosafety,
such as data generators, database developers, data(base) users and regulators/policy makers. The
AdvancedNano IN constitutes a crucial element of various (inter)national initiatives, including DTL, ELIXIR,
EMMC, EUON, NanoSafetyCluster, OpenRiskNet, and several ongoing NMBP projects to improve human health
and the environment. Parallel to the IN, and in collaboration with NanoCommons, we generate a Map of FAIR
activities within different Nano-EHS projects. This Map sheds light on the actual drawbacks that facing the data
generator and the data scientists within the FAIRification process. It also aims at fostering the sustainability of
the FAIR data infrastructure. Here we present a description of the current state of the IN and of the activities
under its umbrella.
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B5.
“A Stakeholder’s Perspective of Safe-and-Sustainable-by-Design (SSbD)”. Report on
the SABYDOMA workshop held on Friday 18th February 2022.
Ignasi Gispert Pi (Applied NanoParticles S.L.), Anthony Bochon (Gil & Robles – San Bartolome & Partners),
Andrew Nelson (University of Leeds), Beatriz Alfaro Serrano (BioNanoNet Forschungsgesellschaft mbH), Karen
Steenson (University of Leeds), Dalila Antunes (Factor Social), Eva Valsami-Jones (University of Birmingham),
Cris Rocca (University of Birmingham), Maria Dusinska (Norsk Institutt for Luftforskning Stiftelse, NILU).

Abstract
The EU H2020 project SABYDOMA organised a virtual workshop – A Stakeholder’s Perspective of Safe-andSustainable-by-Design (SSbD), on February 18th, 2022. The Workshop, which attracted some 100 participants,
was structured in four main blocks: a) A summary of the output of a previous Workshop on the legal definition
of Safe-by-Design and SSbD; b) the short presentation of visions/definitions of SSbD from the 10 invited
speakers; c) an online survey, where the workshop participants were invited to choose from the workshop
speakers’ definitions the one(s) they mostly agreed / felt most comfortable with; and, d) a Round Table, where
the panellists discussed different aspects of SSbD.
The main objective of the Workshop was precisely to present a range of SSbD concepts, approaches, and
understandings. It raised more questions than answers, as is increasingly the case in a world becoming more
and more complex and intertwined thanks to technological developments. Responsibility and reflexivity require
complex thinking, wide-angle analysis and forecasting of consequences. In addition, the Workshop
demonstrated the existence of a growing transdisciplinary SSbD community of actors, illustrating the
importance that such concepts and strategies will acquire in the (near) future in relation to the governance of
nanomaterials in the EU.
This communication presents some of the issues presented and/or discussed in the Workshop with the
objective of continuing to stimulate debate.
Specifically:
-

-

SSbD as a tool in future nanomaterial designs;
SSbD as a lever for systemic change;
The co-development of policy strategies: the PARC Project and the Material 2030 Manifesto;
SSbD and substances of concern;
SSbD tools, incentives and/or mandatory requirements for implementation;
SSbD and SME needs;
SSbD as a legal concept for regulatory compliance;
SSbD criteria from the EU Commission (online workshop on 15th March 2022); and,
The Workshop survey. Mentimeter. Participation.

Funding information
SABYDOMA project has received funding from the European Union’s HORIZON 2020 Research & Innovation
Programme under grant agreement no. 862296.
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B6.
Requirements for improvement of existing strategies for Safe by Design (SbD) of
NFs/ NEPs to be implemented by industry in SAbyNA
Nathan Bossa1, Camilla Delpivo1, David Burrueco-Subirà1, Simon Clavaguera2, William Brown3, Socorro
Vazquez1, Michael Personn4, Felice Simeone5
1
LEITAT technological center, Terrassa, Spain
2
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3
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4
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5
National Research Council of Italy, Institute of Science and Technology for Ceramics (CNR-ISTEC), Via Granarolo
64, 48018 Faenza, Italy
Background, Motivation and Objective
Safe and sustainable innovation requires a good understanding of the potential health and environmental risks
along the life cycle of a product. Unfortunately, the absence of specific and integrated regulatory guidelines for
the management of risks associated to the use of nanomaterials (NMs) and nano-enabled products (NEP) makes
it difficult for industry to apply the SbD approach. One of the major hurdles that prevent several SbD approaches
to be implemented in current nano-manufacturing is their low accessibility. Furthermore, the industry needs
methods that are trustable and validated. In this work, we provide a list of SbD approaches and methods that
can be used to support decisions about reduction of risks in a real manufacturing of NFs and NEPs. We describe
the multiple factors that determine the accessibility to these methods, and, on the basis of this analysis,
establishes criteria for selecting usable SbD resources. The selected resources were then digested to map the
link between SbD strategy, mechanism of concerns (i.e. hazard or exposure), and physico-chemical drivers of
NF risks.
Statement of Contribution/Methods
From a literature survey of articles with “Safe-by-Design” and “Nano” in the title, abstract, and keywords, we
identified seventy-five document (2010-2020) with approximately ¾ of them published in the last three years.
Among those articles, we have separated review, concept articles and position papers (thirty five documents)
from research articles (fifty-four SbD approaches). A total of nineteen SbD approaches reported from projects
(deliverables) were also included in the survey. Our analysis protocol using the Excel spreadsheet was applied
to the selected 46 most relevant research articles and to the nineteen approaches reported from projects. We
identified the factors that determine usability as clarity, accessibility, scalability, cost/benefits balance,
retention of technical functions, number and types of limitations. These factors were evaluated for each SbD
methods, and this evaluation provided the basis for their selection. Methods classified as “usable” covered a
broad spectrum of practical cases.
Results/Discussion
Thirty-three methods were selected and reported in usability cards that summarize the characteristics of the
method, report the target physicochemical property, report the effect on performance, list potential
limitations, and report the link to the resource. The SbD strategies are based on logical cause-effect relationship
and act on the physico-chemical properties (i.e. physical state, size, shape, impurities, as well as matrix
characteristics…) which can influence NF/ NEP toxicity and/ or release/ exposure mechanism to target
compartments and receptors. These developed SbD strategies are based on NF/ matrix/ NEP modifications in
terms of composition, morphology, structure, and surface chemistry targeting either or both the release and
hazard.
Funding information
SAbyNA has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 862419
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B7.
Streamlining models and tools for release, fate and exposure assessment of
NFs/NEPs for Safe by Design (SbD) purposes
James Hanlon1, William Brown1, Rebecca Nebbia1, Sam Harrison2, Araceli Sánchez Jiménez3, Nathan Bossa4,
Camilla Delpivo4, Apostolos Salmathonidis4, Ralph Vanhauten5 and Socorro Vázquez4
1
Institute of Occupational Medicine (IOM), Edinburgh, UK
2
UK Centre for Ecology & Hydrology (UKCEH), Lancaster, UK
3
Instituto Nacional de Seguridad y Salud en el Trabajo (INSST), Barakaldo, Spain
4
LEITAT technological center, Terrassa, Spain
5
ThinkWorks, Delft, The Netherlands
Background, Motivation and Objective
There is a need to improve the usability of models and tools for the release, fate and exposure assessment of
nanoforms (NF) and nano-enabled products (NEPs) throughout the life cycle and for these considerations to be
taken into account at an early stage of the innovation process for SbD. Within the EU Horizon 2020 SAbyNA
project, we have distilled elements from identified exposure tools and models for occupational, consumer and
environmental exposure and identified potential improvements for these tools and models to serve for SbD
purposes. Work is ongoing on improving exposure tools and models for SbD with a focus on the GUIDEnano
tool tailoring to the needs of stakeholders, particularly SMEs.
Statement of Contribution/Methods
This assessment has been split into two parts: 1) Environmental release and fate tools and models and 2) Human
exposure models and tools. The tools and models to be assessed were first selected using defined criteria (such
as inhalation exposure in occupational settings and consumers, dermal exposure, qualitative/quantitative
models for human exposure and “ready to use” and nano-specific for environmental exposure). For those tools
and models, which met the criteria (17 for environmental release and fate and eleven for human exposure), key
elements of these were distilled (i.e. such as expertise required, assumptions, input parameters, inter-user
variability, algorithms and uncertainty analysis). Following this distillation process, a shortlist of tools and
models for further consideration for SbD has been compiled.
Results/Discussion
Seven environmental exposure models and three release and grouping models were shortlisted after
distillation. It was concluded that none of the shortlisted models were ideally suited for SbD purposes, with
GUIDEnano the most promising. A number of aspects have been highlighted for environmental exposure
models including improving model accessibility, creating theoretical scenarios for geographical considerations
for SbD, improving run times of models, the scope for including default parameters and uncertainty and
sensitivity analysis which is generally lacking. The provision of release rates to environmental exposure models
is a key driver of uncertainty, which, in the absence of more detailed release data, can be helped by the use of
Specific Environmental Release Categories (SPERCs).
For human exposure, nine models and tools were shortlisted after distillation. As for the case for environmental
exposure, GUIDEnano is the most promising tool for SbD. Aspects highlighted from the analysis for the tools
and models include potential improvements in model assumptions, input parameters (such as identifying
minimum parameters required), inter-user variability (which was observed) and improvements to uncertainty
analysis. For uncertainty evaluation, further work has been undertaken on the Precautionary Matrix with a
flowchart and a Standard Operating Procedure produced for uncertainty analysis in human exposure models.
The current focus of our work is on improving the aspects identified (i.e. assumptions, input parameters,
algorithms and uncertainty) of the environmental fate and human exposure modules of GUIDEnano, to be
used for SbD purposes. An update of this work will be presented, including the development of user-friendly
pre-defined activities that can be used independently or as a cascade of activity for paints and 3D printing.
Funding information
SAbyNA has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 862419
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B8.
GRACIOUS Wiki and Blueprint
Alex Zabeo1, Ralph Vanhauten2, Gianpietro Basei1, Lion Traas2, Matteo Carisi1, Giacomo Chiarot1, Nina
Jeliazkova3, Danail Hristozov1
1
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3
Ideaconsult, Sofia, Bulgaria
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Background, Motivation and Objective
The large number of nanoforms and the high complexity associated with their interactions in biological and
environmental systems have made their case by case safety assessment very resource intensive. Therefore, to
reduce testing costs and use of experimental animals, the GRACIOUS project has proposed grouping
hypotheses, which have been substantiated with data generated by means of Integrated Approaches to Testing
and Assessment (IATA). These hypotheses and IATA form the GRACIOUS framework for grouping and readacross of nanoforms.
Methods
To enable the implementation of GRACIOUS framework into nanosafety assessment software tools (e.g. SUNDS,
GUIDEnano Tool, NanoInformatix Platform), ThinkWorks have developed a “blueprint model” describing in
detail both the structural aspects (class-diagrams) and behavioural characteristics (algorithms, decision
trees/tables, rules) of the framework. A running instance of this blueprint model allows testing the framework
by partners/stakeholders and automatically extract a “blueprint design document” in an iterative way.
In order to keep all involved experts updated and informed about the blueprint class diagram entities (e.g.
properties, endpoints), while at the same time help different experts to reach agreement on selection and
definition of such entities, Greendecision deployed the GRACIOUS Wiki web application. The Wiki has been
continuously updated with new proposed entities. The final version will act as an online dictionary of GRACIOUS
definitions. The definitions agreed by the experts will be combined with definitions from other projects in a
joint effort to work towards harmonisation of nanosafety ontologies.
Results & Discussion
The blueprint not only acts as a reference guide for software implementation of the grouping strategies and
IATAs defined in the GRACIOUS project, but also enables interoperability with GRACIOUS - eNanoMapper
database, which has been developed by Ideaconsult. The blueprint is currently being used by Greendecision
and ThinkWorks for implementation of the GRACIOUS grouping and read-across approaches in SUNDS and in
the GUIDEnano Tool and for annotating entries in the GRACIOUS database. The development of the blueprint
has been underpinned by the GRACIOUS Wiki, which allows to harmonize terms and entities, allowing experts
to agree on definitions. As such it has been recognised as a useful tool for harmonisation of ontologies (e.g.
eNanoMapper ontology, Nano Particle Ontology) and will be applied as part of the NanoSafety Cluster activities
in this area.
Funding information
GRACIOUS project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 760840.
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B9
Guidance on risk governance of nanomaterials through decision schemes and the
RiskGONE cloud platform
P. Isigonis1, Elena Semenzin1, Antonio Marcomini1, Antreas Afantitis2, Evert Bouman3, Elisa Moschini4, Tommaso
Serchi4, Shareen Doak5, Iseult Lynch6, Nils Bohmer7, Ineke Malsch8, Tomasz Puzyn9, Anita Sosnowska9, Maria Dusinska3,
RiskGONE consortium10.
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Ca’ Foscari University of Venice, Venice, IT – isigonis@unive.it; 2 NovaMechanics Ltd, Nicosia, CY; 3 Norwegian Institute for
Air Research, Kjeller, NO ; 4Luxembourg Institute of Science and Technology, Belvaux, LU; 5Institute of Life Science, Swansea
University Medical School, Swansea, Wales, UK; 6School of Geography, Earth and Environmental Sciences, University of
Birmingham, Birmingham, UK; 7DECHEMA, Frankfurt, DE; 8Malsch TechnoValuation, Utrecht, NL; 9QSAR Lab Ltd, Gdansk, PL;
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Background, Motivation and Objective
Several attempts have been made during the last decades to create frameworks tailored to the risk governance
of nanomaterials (NMs), though so far those have not been designed with exclusive consideration of how they
should be operationalised. In this view, the RiskGONE consortium has aimed at developing a framework for risk
governance of NMs that can support stakeholders through the early adoption of scientific advances and
emerging data, and their translation via functional tools (e.g., decision trees, guidelines, toolboxes, databases
training material and more), all within a transparent, guided decision scheme considering the needs and
expectations of the various stakeholders.
Statement of Contribution/Methods
RiskGONE has been focusing on the operationalisation of risk governance frameworks, in an effort to provide
tailored guidance to various types of users, coming from various groups of stakeholders. In these terms, the
guidance of the RiskGONE cloud platform has been divided into clusters of topics, for which examples are
provided below:
• Expertise of user
o Novice, intermediate or experienced users
• Topic of interest
o Hazard assessment
o Interference on hazard testing
o Exposure assessment
o Risk assessment
o Ethical Impact assessment
o Economic assessment
• Contiguous disciplines
o FAIR data
o Safer-by-Design
For each of the identified topics, a guidance scheme has been designed, in the form of decision trees, mostly
with binary answers (Y/N) which are complemented by relevant toolboxes and links to information on each
level. The guidance schemes will be implemented in the form of an easy to use tool within the RiskGONE cloud
platform. The work is ongoing, therefore the list above should not be considered as exhaustive.
Results/Discussion
Tools for risk governance can be developed in various forms and types, but there are multiple factors that
influence their uptake and use from stakeholders, either for regulatory, industrial or scientific purposes. In this
work we focused on compiling information on the applicability and usefulness of various sources (e.g., tools,
technical guidance, guidelines and many more) and how to best structure the collected information in order to
guide the possible users of the cloud platform in finding the most relevant and up-to-date information for the
issues they are working on. The guiding schemes have been designed to be easy to use and easy to update, in
order to simplify the risk governance processes.
Funding information: Supported by H2020-NMBP-13-2018 RiskGONE (Grant Agreement no 814425).
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B10.
Integrating ethics in risk governance of nanomaterials in tyres
Ineke Malsch1, Panagiotis Isigonis2, Evert Bouman3, Antreas Afantitis4, Georgia Melagraki4, Maria
Dusinska3
1
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Background, Motivation and Objective
The nano risk governance framework and tools under development in the NMBP-13 project Gov4Nano,
NanoRIGO and RiskGONE have been tested on a case study of the application of nanomaterials in tyres. In
RiskGONE, online tools have been developed to guide users through an ethical impact assessment (EIA), as part
of this broader risk governance framework. The EIA process is based on the CEN pre-standard on EIA (CEN CWA
17145-2:2017). In this presentation, we show the possible added value of the EIA tools for risk governance of
nanomaterials in tyres, based on limited open access information found on the internet.
Statement of Contribution/Methods
We used the online tools developed in RiskGONE1 guiding us through the six-step Ethical Impact Assessment
(EIA) procedure (screening ethical impacts, drafting an EIA-plan, identifying, and evaluating ethical issues,
drafting remedial actions, and review of the EIA). The screening was guided by a checklist of nine categories of
negative ethical impacts: health, privacy, liberties, equality, common good, environment, sustainability,
military dual use, and misuse. The checklist allowed to determine the scope of the full-scale EIA, by selecting
which ethical impacts were deemed relevant to the incorporation of nanomaterials in tyres, estimating the
severity of each issue on a five-point scale. In this case, a small EIA was deemed appropriate. Thereafter, a plan
for performing this EIA was drafted, including the required resources and appropriate methodologies. Given
the aim to use the case only as demonstration of the EIA tools, one ethicist identified and evaluated ethical
issues using desk research and drafted recommendations for remedial actions.
Results/Discussion
Besides well-documented environmental, health and safety issues, impacts on social justice (health inequalities,
intergenerational justice) and sustainable consumption and production were identified and analysed.
Recommendations for technical as well as societal and political measures were collected from the literature.
Identified technical recommendations included capturing tyre wear particles at source (Tyre collective 2018)
and recovering carbon black from end-of-life tyres (WBCSD 2021). Societal measures proposed by the WHO
(2019) targeted health inequalities since poorer people in some regions were more exposed to air pollution
than other European citizens.
Funding information: The research reported here was supported by the European Union’s Horizon 2020
project RiskGONE, grant agreement no 814425.
References
Tyre collective (2018). https://www.thetyrecollective.com/
WBCSD TIP Sustainability Driven SDG Tire Sector Roadmap. WBCSD 2021.
WHO (2019) Environmental health inequalities in Europe. Second assessment report. Copenhagen: WHO
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B11.
Manganese-oxide nanoparticles alter highly the transcriptomic landscape of A549
cells, in comparison with the limited effect of an engineered manganesefunctionalized graphene
Juan José González-Plaza1, Natalia Fernández Pampin1, A. García-Gómez2, E. Peña2, C. Rumbo1, S. Martel1, R.
Barros1, S. Aparicio1, M. Suárez-Díez3, J.A. Tamayo-Ramos@1
1
International Research Centre in Critical Raw Materials-ICCRAM, University of Burgos, Plaza Misael Bañuelos
s/n, 09001 Burgos, Spain
2
Gnanomat, c/ Faraday 7, 28049 Madrid, Spain
3
Laboratory of Systems and Synthetic Biology, Wageningen University & Research, Stippeneng 4, 6708WE,
Wageningen, Netherlands
@Author for correspondence: jatramos@ubu.es
Background, Motivation and Objective
Nanotechnology has revolutionized many fields of knowledge or application1, due to their differential
properties at the scale of 1 to 100 nm when compared with the original macroscopic materials2. The speed in
the development of new materials poses potential risks to health, either from a societal perspective or an
occupational hazard one. Studies evidencing nanoparticle cell-internalization3 can easily be extrapolated to a
manufacturing scenario where interactions are sustained in time. Among different toxicological effects of
nanoparticles during cell interaction, internalization can pose a potential release of ions that can impair cell
metal homeostasis4 and exert negative consequences for viability and normal functioning5. Manganese, for
instance, is essential for manganese superoxide dismutase (Mn-SOD)6, but in high concentrations can react with
hydrogen peroxide and release ROS7,8, subsequently leading to malignant transformation of cells9 or triggering
apoptosis10. Side by side with classic cellular assays, high-resolution omics approaches such as transcriptomics
can provide a closer evaluation of the effects of xenobiotics.
Nanotoxicology appeared to provide answers in terms of safety11. We were motivated to dive into a molecular
level, in order to decipher the underlying mechanisms of toxicity caused upon exposure of A549 cell line to
three different nanomaterials. These mechanisms are unknown given that toxicity from these materials has not
been previously characterized. The first of the nanoparticles is a novel engineered graphene decorated with
manganese oxide (GNA15), while the second is the degraded form of this material (GNA15d). Lastly, we also
tested the engineered manganese oxide that was used to produce GNA15.
Our study has as an overall objective the assessment of exposure hazards from an occupational risk perspective,
specifically inhalation risk by using a human pulmonary cell line.
The specific objectives of our study were:
- Dissection of underlying molecular mechanisms triggered upon nanomaterial exposure
- Strengthening of an incipient research line to assist manufacturers in Safe-by-Design strategies
Statement of Contribution/Methods
We carried out classical cellular toxicological assays where cells were exposed to each of the nanomaterials.
The assays comprised a cell survival evaluation by MTT viability assays (24 h post-exposure), and further
evaluation of the oxidative stress by testing of Reactive Oxygen Species (ROS) (0, 30 and 60 min post-exposure).
For transcriptomics assays cells were exposed cells for 24 h, and then harvested for RNA isolation. Normalized
reads obtained through Illumina sequencing were used for statistical analysis of gene expression.
Results/Discussion
Results show at first a different trend between the cellular and the transcriptomic assays. In overall, the cellular
assays indicate that both forms of functionalized graphene are more harmful than Mn3O4 towards A549 cell
line. Interestingly, the transcriptomic evaluation showed a different trend. Expression analyses revealed that
both intact and degraded forms of the decorated graphene trigger a dramatically lower number of genes than
the manganese oxide. According to our results and other reports in literature, we believe that transcriptomics
can inform of early onsets on future negative outcomes, by revealing mechanistic deregulations that are not
evident at the cellular assays. Even to the point of showing apparently opposed patterns. These results are not
only important for the field of toxicology, but can be translated as well to other fields such as drug screening.
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This project was funded by Junta de Castilla y León-FEDER under grant N° BU058P20 (NANOCOMP).
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Semantic modelling of Adverse Outcome Pathways and the implementation in
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Background, Motivation and Objective
The purpose of Adverse Outcome Pathways is to organize mechanistic knowledge on toxicological processes
upon exposure to a stressor leading to an Adverse Outcome through a series of Key Events (KEs). The
implementation of this concept for risk assessments is aimed to facilitate the replacement, reduction,
refinement (3Rs) of animal testing. Qualitative descriptions of AOPs are generally stored in the public AOP-Wiki.
However, its content remains relatively isolated and is only manually queryable or through downloading the
full dataset, limiting the capabilities of this rich resource of toxicological knowledge.
Statement of Contribution/Methods
We tackled this AOP-Wiki limitation by converting the data into the AOP-Wiki Resource Description Framework
(RDF) as triples. We used over twenty ontologies for the semantic annotation of property-object relations, and
we introduced over 10,000 database descriptors for chemicals, genes and proteins. The AOP-Wiki RDF has been
made available at aopwiki.rdf.bigcat-bioinformatics.org where SPARQL queries can be used to extract
information and answer biological and toxicological questions, manually or computationally.
Results/Discussion
As a demonstration of its usability, we developed a Jupyter notebook that adds information to an AOP of
interest and looks for supporting experimental data from ToxCast and TG-GATES based on the molecular targets
and stressor chemicals. Then, it performs pathway enrichment analysis with the transcriptomics data using
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molecular pathways from WikiPathways. Overall, the AOP-Wiki RDF improves the accessibility and
interoperability of the database, providing additional ways of querying the data and enabling the
implementation in automated workflows. By focusing on increasing the machine-readability of AOPs and using
consistent vocabularies and ontologies, AOPs become an increasingly useful tool for integrating toxicological
knowledge and data, thereby increasing the effectiveness of the concept and addressing the 3Rs in toxicological
studies.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation program
under grant agreement no. 681002 (EU-ToxRisk), EINFRA-22-2016 program under grant agreement no.
731075 (OpenRiskNet), and NWA grant no. 1292.19.272 (VHP4Safety)

B13.
Quantifying Uncertainty and Optimizing Experimental Design in Dose-Response
Screenings of Nanoparticles: a Bayesian Data Analysis
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Fitting theoretical models to experimental data for dose-response screenings of nanoparticles yields values of
several hazard metrics that can support risk management. In this paper, we describe a Bayesian approach to
the analysis of dose-response data for nanoparticles that takes into account multiple sources of uncertainty.
Specifically, we develop a Bayesian model for the analysis of data for the cytotoxicity of ZnO nanoparticles that
follow the log-logistic equation. This model reproduces the unequal variance across doses observed in the
experimental data, incorporates information about the sensitivity of the cytotoxicity assay used (i.e., resazurin),
and complements experimental data with historical information about the system. The model determines
probability distributions for multiple values of toxicity potency (EC50), and exponential decay (the slope s); these
distributions provide a direct measure of uncertainty in terms of probabilistic credibility intervals. By
substituting these distributions in the log-logistic equation, we determine upper and lower limits of the
benchmark dose (BMD), corresponding to upper and lower limits of credibility intervals with 95% probability
given the experimental data, multiple sources of uncertainty, and historical information. In view of a reduction
of costs and time of dose-response screenings, we use the Bayesian model for the cytotoxicity of ZnO
nanoparticles to identify the experimental design that uses the minimum number of data while reducing
uncertainty in the estimation of both fitting parameters and BMD.

B14.
The SUNSHINE e-Infrastructure
Alex Zabeo1, Gianpietro Basei1, Matteo Carisi1, Giacomo Chiarot1, Fabio Rosada1, Danail Hristozov1
1
Greendecision Srl, Venezia, Italy
Background, Motivation and Objective
Due to their inherent complex nature and interactions Multicomponent (advanced) nanomaterials (MCNM)
pose questions regarding their possible health and environmental risks. Because of this, Safe & Sustainable by
design (SSbD) strategies need to be developed and implement for products enabled by MCNM.
To facilitate the development and implementation of such SSbD strategies, the EU H2020 SUNSHINE project
has developed a digital e-infrastructure that provides a platform for industries to exchange information along
MCNM supply chains, and to obtain access to safety and sustainability analysis data and tools by connecting
to the SUNSHINE Open and FAIR database and to modelling approaches included in the system.
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Methods
The SUNSHINE e-infrastructure is based on the Safe Innovation Approach (SIA)1. It is designed to: (1) facilitate
collaboration and information exchange between actors along nanotechnology supply chains (developers,
producers, downstream users) to promote the development and implementation of SSbD strategies for
MCNM-based materials, products and processes; (2) support SMEs and large industries in the selection and
application of simple, robust and cost-effective experimental, modelling and grouping/read-across approaches
to acquire/generate the data needed to test the effectiveness of the SSbD strategies; (3) enable risk-benefit
analysis of the SSbD-modified materials and products at each stage of the Agile Stage Gate2 innovation process
to ensure that they are safe and sustainable without compromising their technical functionality and
commercial probability of success.

Figure 1 SUNSHINE Safe Innovation Approach (SIA) e-infrastructure general framework.
Results & Discussion
The SUNSHINE e-infrastructure is envisaged to facilitate collaboration between developers, producers,
downstream users and regulators in a trusted environment to enable successful implementation of SSbD
strategies along nanotechnology supply chains, while contributing to Regulatory Preparedness. To achieve
this, we have pro-actively engaged these stakeholders in the co-creation process of developing and testing the
e-infrastructure. To this end, we organised a stakeholder workshop, where the structure and features of the
e-infrastructure were presented to stakeholders from industry, academia and regulation. The reactions from
the stakeholders were positive and their constructive feedback was considered in the further development of
the system.
Industries, especially SMEs, with limited resources for health and safety management are expected to
substantially benefit from the proposed e-infrastructure. It will enable them to more easily make decisions
concerned with developing new products and will provide them with easy access to the available data and to
practical guidance for cost-efficient generation of new data. This will reduce their RTD costs and will enable
them to more effectively compete with larger industries.
The e-infrastructure can be used also by consultants to support industries in developing safer and more
sustainable products. The same also applies to academic researchers who design, develop, or use MCNMbased materials and products. In addition, regulators can also benefit of the system to do their own safety and
sustainability assessments and decision making so that they can regulate and provide support to industry.
References
L. G. Soeteman-Hernandeza, M. D. Apostolova, C. Bekker et al., Mat. Today Comm., 2019, 20, 100548.
R.G. Cooper, ‘Next Stage for Stage-Gate’, Pragmatic Marketer, Winter 2014, pp. 20‐24.
Funding information
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The NanoInformaTIX platform: idea, methodology and current development
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Matteo Carisi1, Giacomo Chiarot1, Fabio Rosada1, Lisa Pizzol1, Danail Hristozov1
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Background, Motivation and Objective
In the NanoInformaTIX project we are developing a sustainable data management and multi-scale modelling
framework to optimise the hazard and exposure assessment of engineered nanomaterials (ENMs) for both risk
assessment and safe by design purposes. This framework will be implemented as a web-based platform
specifically tailored to the needs of stakeholders from industry, regulatory bodies, and academia.
Statement of Contribution/Methods
The NanoInformaTIX platform is a digital hub designed to enable easy access to nanosafety databases (e.g.,
eNanoMapper, NanoPharos) and models for prediction of properties, emissions, exposure, biodistribution and
hazard (i.e., material models, Material Flow and Environmental fate models, Physiologically Based
Pharmacokinetic (PBPK) models, Quantitative-Structure-Activity Relationships (QSAR), System Biology). The
data repositories and the models are linked to the platform by means of a common Application Programming
Interface (API). Moreover, the system enables creation of chains (i.e., pipelines) of the databases and different
models to enable higher-level analyses such as dose-response assessment, grouping, in vitro-in vivo
extrapolation (IVIVE). This requires high level of interoperability, which we have achieved by extending and
applying the Modelling Data (MODA) scheme of the European Materials Modelling Council.
Specifically, MODA templates have been put beside a Manifest File specifically designed for the platform. These
Manifest Files describe inputs, outputs and the (cross)domain of the parameters of each model. This file allows
to automatically generate user interfaces, and to validate input/outputs of included models. The outputs
generated by models are fed as input to subsequent models, following the MODA scheme and based on the
information included on the corresponding Manifest Files, thus enabling a “chain” of models which fulfills a
specific task. The results of the analyses are presented as both dynamic charts and textual reports.
To obtain optimal confidence in the use of the platform, the models, their inputs and outputs, their applicability
domains, and the steps to create the model chains will be carefully documented according to established
standards and Good Practices. Specific protocols to integrate new models in the future will also be developed.
The architectural organization of the platform’s implementation follows a microservice infrastructure. This
facilitates the update of single models (hosted in Amazon AWS cloud services) and allows to keep the logic of
individual models separate to the platform and the API. The technical implementation of the platform is
graphically described in Fig. 1.

Figure
1:
Overview
on
the
platform
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infrastructure. The platform User Interface is based on React and on the Meateor.js framework, while data is securely
stored in MongoDB. The platform backend (API) is based on FastAPI, which is responsible to perform input validation
(according to the content of the Manifest File) and to route, together with Amazon API Gateway, each request to the
corresponding model. Models are hosted in AWS Lambda (fast models) or in AWS ECS (slow models, i.e., models that
require more than approximately 10 minutes to complete the execution: in this case up to three simultaneous executions
could be performed). Results of models’ execution are stored in Amazon DocumentDB.

Results/Discussion
In the context of the NanoInformaTIX project, we have developed a data and modeling platform which enables
user-friendly access to state-of-the-art nanosafety databases and in silico models and enables interoperability
between them to create “chains” of models seamlessly connected to relevant data repositories. These chains
are designed to address higher-level tasks relevant to the regulatory risk assessment of NMs and to safe by
design decision making such as grouping, IVIVE etc. The platform is currently still under development, and the
final version will be released in 2023.
Funding information NanoInformaTIX project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 814426.
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Digitisation in NanoSafety Research - an interactive poster
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Background, Motivation and Objective
The digital transition in nanosafety research, nanofabrication, and production of nanomaterials and
nano-enabled products is a key process to improve efficiency and sustainability not only for re-use of data as
implied by the R in FAIR but for every stage of the data management life cycle including primary use.
Statement of Contribution/Methods
Over the years, the nanosafety community has proposed multiple data standards to improve the quality and
completeness of the produced data and, in this way, its reusability. However, since the resulting approaches
are often linked to specific data solutions (public databases) and projects, they are often only adopted if the
data is selected to be publicly shared. The benefits of harmonisation and interoperability are, therefore, only
available to this small subset of project specific data. Data curation but also processing and analysis workflows
are still often customised or have to be customised for providing data under different licensing and accessing
requirements (e.g., internal use, participation in different projects, collaborations with external
stakeholders/regulators). This could be overcome by establishing advanced, harmonised data digitisation
processes within individual labs integrating centralised data management processes and the FAIR principle
guidelines from the onset of data production and providing tools to support data curation on-the-fly.
Results/Discussion
Here, we review the existing approaches and implementations of data capturing and digitisation guidelines and
concepts. This includes templates and tools for high-quality data collection and curation to increase the
completeness of reported metadata. Best-practice approaches have been identified and reviewed with respect
to potential generalisation. Separating these from their database-specific implementation and combination
with existing toolset will allow further lab digitisation, harmonisation of data from the beginning and, as a
potential side effect, more FAIR data since no extra work for sharing is needed.
Funding information
This work has received funding from the European Union Horizon 2020 Programme (H2020) under grant
agreement nº 731032 (NanoCommons, www.nanocommons.eu).
149

B17.
New descriptor to quantify the number, nature and specific reactivity (Oxidative
Turnover Frequency) of surface reactive sites for nanomaterials evaluation, grouping
and dose metrics
V. Alcolea-Rodriguez, R. Portela, M.A. Bañares
Insituto de Catalisis y Petroleoquimica, ICP-CSIC, Marie Curie 2, 28049-Madrid, Spain
Background, Motivation and Objective
Nanomaterials quantitative surface reactivity characterization is essential for grouping and read across in risk
assessment and to enable more relevant dose metrics. We propose the quantification of active sites on
nanomaterials surfaces by methanol chemisorption and of their oxidation capacity by dithiothreitol (DTT)
consumption as new methods for data normalization and a strategy to engineer safe-by-design materials.
Methanol chemisorption and DTT assays are strategies to obtain new quantitative chemical and oxidation
capacity surface descriptors. In particular, the oxidative rate per active site: Oxidative Turnover Frequency
(OxTOF). The surface density of reactive sites can be calculated by combination with BET area.
Statement of Contribution/Methods
Methanol chemisorption. 100-250 mg of nanomaterial (<100 µm) is placed in a fixed-bed reactor diluted with
500 mg SiC. The sample is first heated to 450 ⁰C in air to remove moisture and impurities from the surface. After
pretreatment, the sample is cooled to 100 ºC and purged in Ar before feeding 2000 ppm methanol in Ar with
5% He until saturation. The temperature-programmed surface reaction (MeOH-TPSR) is run under Ar after
purging the residual methanol vapor by linearly heating the sample from 100 to 450 ⁰C at 10⁰C/min.
DTT consumption assay measures the oxidative potential of nanomaterials. 3 mL of NM dispersion (200 µg/mL)
in phosphate buffer 1 mM is incubated for 1 h at 37°C and 500 rpm with 3 mL of 100 µM 1,4-dithiothreitol (DTT).
Then, the nanoparticles are removed by filtration and the reaction products are mixed to an equal volume of 1
mM DTNB. Using Ellman's reagent (DTNB) the thiol groups (-SH) of the non-oxidized free DTT molecules form
5-mercapto-2-nitrobenzoic acid, a colorful complex that were quantified by UV-vis spectroscopy at 412 nm.
Results/Discussion
Surface descriptors. Figure 1 compares two titanias and a silica: TiO2 (DT51), and TiO2 (JRCNM01001a) and SiO2
(JRCNM02000a). BET physical area (left) does not directly correlate with the number of surface reactive sites
(middle); these values allow calculating the density of surface (right). Thus, TiO2 DT51 has the lowest specific
surface area, but a high density of reactive sites. In contrast, JRCNM02000a (SiO2), with a specific surface area
of 151.2 m2/g, only has an average of 1.5 reactive sites per nm 2. We can thus assess how active reactive sites
are. Therefore, Figure 2 illustrates DDT oxidation expressed as absolute conversion values (left) and as rate per
reactive site (right). This rate per reactive site (molecules per site and second) is the Oxidative Turnover
Frequency (OxTOF). Thus, titania DT51 exhibits the highest DTT consumption, while TiO2 JRCNM01001a, the
NM with highest specific surface area, presents low oxidative capacity, as observed in the OxTOF values of
Figure 5. Thus, the sample with the lowest area, exhibits the largest number of reactive sites and the highest
OxTOF. These reactive features are directly related to NM reactivity and thus safety.

Figure 2. Left, BET specific surface are obtained by N2 adsorption isotherm. Middle, number of reactive sites.
Right, surface active sites density obtained by methanol chemisorption combined with BET area.

150

Figure 3. Left: conversion % DTT. Right: DTT Oxidative Turnover Frequency (OxTOF).

Funding information
The authors acknowledge the financial support by the European Commission h2020 project NanoInformaTIX
(GA 81446).

B18.
Towards QSAR/QSPR modeling of multicomponent advanced nanomaterials
Alicja Mikolajczyk1, 2*, Dawid Falkowski2, Tomasz Puzyn1, 2
1
Laboratory of Environmental Chemoinformatics, Faculty of Chemistry, University of Gdansk, Wita Stwosza63,
Gdańsk, Poland
2
QSAR Lab Sp. Z o. o., Trzy Lipy 3, Gdańsk, Poland
Background, Motivation and Objective
The well-organized doped - or modified- TiO2-based nanotubes (NTs) have been widely designed as highly
promising photocatalysts for degradation of pollutants, H2 production, or photoconversion of CO2 [1-3]. The
main limitation in designing sustainable and advanced TiO2-based materials is thousands of possible
combinations of structural features and a lack of systematic knowledge about the relationship between
experimental conditions, structure modification, and the efficiency of newly designed TiO2 nanotubes. Because
of the high cost and time-consuming experimental study, it is irrational to synthesize and test all possible
structures to find the most optimal combination. [1-3]
Statement of Contribution/Methods/ Results/Discussion
In our research, for the first time, we applied machine learning (ML) methods combined with a high throughput
screening methodology to study the quantitative relationship between the experimental condition,structure
modification, and the efficiency of newly designed well-organized TiO2 nanotubes. The data-driven approach
has been utilized based on a developed library of available literature data of ordered TiO2 NTs synthesized in
thin layers synthesized by anodic oxidation of titanium foil that is highly active under Vis or UV-Vis light. Then,
by employing Hierarchical Clustering analysis (HCA) and Principle Component Analysis (PCA), we grouped and
examined the structural similarity of 144 different TiO2-based NTs. Then, we have developed a predictive
Quantitative Structure-Property Relationship model (QSPR) for the photocatalytic activity of investigated TiO2based nanotubes NTs. Finally, through proposed supervised learning methods and developed predictive
models, we have determined how to manipulate structural features and experimental conditions to reduce cost
and speed up the process of efficient product design at the earliest possible stage. The proposed data-driven
approach may be extended to optimize the design process of another type of advanced multicomponent
nanomaterials in line with the sustainability-by-design strategy.
References
1. A. Mikolajczyk, N. Sizochenko, E. Mulkiewicz, A. Malankowska, B.Rasulev, and T. Puzyn, Nanoscale 11, 24,
11808-11818 (2019)
2. A. Rybińska-Fryca, A. Mikolajczyk, T. Puzyn, Nanoscale 12, 40, 20669-20676 (2020)
151

3. A. Mikolajczyk, A. Gajewicz, E. Mulkiewicz, B. Rasulev, M. Marchelek, M. Diak, S. Hirano, A. Zaleska and T.
Puzyn. Environ. Sci.: Nano, 5, 1150-1160 (2019)
Funding information: The study was conducted under funding that has been received from the European
Union’s Horizon 2020 research and innovation programme via NanoInformaTIX Project no. 814426 and
DIAGONAL Project no. 953152.
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37.
The EU project NanoHarmony – Towards harmonized test methods for nanomaterials
Elisabeth Heunisch1, Melanie Müller1, Anna Pohl1, Tommaso Serchi2, Rachel Smith3, Sean Kelly4, Claus
Svendsen5, Eric Bleeker6, Karin Wiench7, Richard Handy8, Ilse Gosens6, Keld Jensen9, Jakob Nis Klenø Nøjgaard9,
Jacques Bouillard10, Isabella de Angelis11, María Luisa Fernández-Cruz12, Flemming Cassee6, Adrienne Sips6, Arno
Gutleb2, Monique Groenewold6, Susana Loureiro13, Harald Jungnickel14, Jutta Tentschert14, Thomas Kuhlbusch1
1

Federal Institute for Occupational Safety and Health (BAuA), Dortmund/Berlin, Germany; 2Luzemburg Institute
of Science and Technology (LIST), Luxembourg; 3UK Health Security Agency (UKHSA), Leeds, United Kingdom; 4
Nanotechnology Industries Association (NIA AISBL), Brussels, Belgium; 5 UK Centre for Ecology & Hydrology
(UKCEH), Oxford, United Kingdom; 6 National Institute for Public Health and the Environment (RIVM), Bilthoven,
Netherlands; 7BASF SE, Ludwigshafen am Rhein, Germany; 8 University of Plymouth (UoP), Plymouth, United
Kingdom; 9 Danish National Research Centre for the Working Environment (NRCWE), Kopenhagen, Denmark; 10
Institut National de l'Environnement Industriel et des Risques (INERIS), Verneuil en Halatte, France; 11Istituto
Superiore di Sanità (ISS), Roma, Italy; 12Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria
(INIA), CSIC, Madrid, Spain ; 13Universidade de Aveiro (UAVR), Aveiro, Portugal; 14 German Federal Institute for
Risk Assessment (BfR), Berlin, Germany
Background, Motivation and Objective
Test Guidelines (TGs) and standards are needed to be up-to-date for regulation to keep pace with innovation.
They are key tools for gaining information on the characteristics and hazards of chemicals. With the
developments of nanomaterials (NM) TGs had and still have to be updated or newly developed for e.g.
substance safety assessment. TGs have the great advantage that they are agreed upon by the OECD member
countries and that data based on the use of TGs have to be accepted by these countries (Mutual Acceptance of
Data, MAD). This lowers the hurdles for exchanging goods world-wide. This also reduces animal testing and
helps to save resources.
The NanoHarmony project supports the development of a set of scientifically reliable test methods and good
practice documents for NMs, based on the translation of existing scientific knowledge and data into a form that
has regulatory relevance. NanoHarmony also analyses processes in test method development, to establish a
framework for seamless and smooth cooperation between all stakeholders for timely developments of test
methods ready for regulation.
Statement of Contribution/Methods
Data are gathered, new ones generated where necessary and subsequently used together with other
information to lay the scientific foundations for adaptation or development of new OECD TGs and guidance
documents. Eight different nano-specific endpoints are worked on within NanoHarmony.
Involvement of all stakeholders in this process is key to NanoHarmony as well. This aim is pursued by organizing
open workshops, interviews and webinars. By identifying gaps and obstacles while developing TGs, and also
setting-up an adequate framework for possible implementation, NanoHarmony supports identification of
future needs for regulatory test methods and their efficient development.
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Results/Discussion
NanoHarmony was successful in collecting the relevant data and engaging experts and other stakeholders in
online workshops and a series of webinars to further the development of OECD TGs for NMs. All tasks of
NanoHarmony related to a TG or guidance documents have progressed significantly and are now included into
the OECD Test Guidelines Programme.
To support the future developments of OECD TGs and to support the continuing process of updating and
developing OECD TGs to accommodate material and test method innovations, NanoHarmony is working
towards several legacy items. Future TG developers are supported by developing training material on TG
development as well as an interactive guidance. The exchange between stakeholders is continued by regular
online workshops on TG developments. NanoHarmony will provide recommendations on further streamlining
the process of TG development and future needs in the form of a White Paper.
Funding information
This project has received funding from the European Union's Horizon 2020 research and innovation programme
under grant agreement No 885931.
Statement
This poster is part of the series on TG developments.

38.
From science to standards and guidelines: Making your science regulatory relevant
Eric Bleeker1, Arno Gutleb2, Anna Pohl3, Elisabeth Heunisch3, Sean Kelly4, Elise Morel5, Claus Svendsen5, Rachel
Smith6, Karin Wiench7, Dominik Geiger7, Thomas Kuhlbusch3
1
National Institute for Public Health and the Environment (RIVM), Bilthoven, Netherlands,
2
Luxembourg Institute of Science and Technology (LIST), Esch-sur-Alzette, Luxembourg
3
Federal Institute for Occupational Safety and Health (BAuA), Dortmund/Berlin, Germany
4
NIA, Brussels, Belgium,
5
UKCEH, Wallingford, UK
6
UK Health Security Agency (UKHSA), Leeds, United Kingdom
7
BASF SE, Ludwigshafen, Germany
Background, Motivation and Objective

OECD Test Guidelines (TGs) allow industry to comply to chemical safety requirements from different
legislations around the world. The OECD Mutual Acceptance of Data (MAD) is an important pillar in
minimising (animal) testing. MAD is the concept of “tested once, accepted for assessment
everywhere”. A test done in accordance with OECD TGs must be accepted by all OECD members and
full adherents.
The process towards the development of standardised methods, however, is still largely unknown by
many within the scientific community. Many scientists do not even realise that their science can
contribute to TG development. This hampers the uptake of new methods and approaches that are
needed for the development and amendment of TGs.
For instance, many national and international research projects are developing new techniques and
methods targeting the characterisation of materials, the characterisation of exposure, and the
potential for persistence, bioaccumulation and (eco-)toxicity of nanomaterials. Still, their
developments are often not further used for harmonised testing.
Statement of Contribution/Methods

NanoHarmony joins ongoing activities (Malta Initiative, NanoSafety Cluster, national initiatives) and
facilitates their cooperation to ensure a smooth flow of information from fundamental research
towards accepted OECD TGs to address regulatory needs. Barriers and challenges in the different
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stages and activities involved in the development of TGs have been identified by engaging scientists,
industry, standardisation bodies and regulators.
Results/Discussion

Key information to familiarise the scientific community with the Working Group of National Coordinators of the TGs programme (WNT) and the different phases of the TG development process will
be presented to enable a better mutual understanding and matching of delivery timescales between
scientific complexity and existing institutional frameworks. Recommended steps in the assessment of
the scientific insights maturity and pre-screening of regulatory needs for TG development will be
developed, as well interests and opportunities for the scientific community to become more engaged
in developing useful information based on the regulatory requirements and needs.
Funding information
NanoHarmony - This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Statement
This poster is part of the series on TG developments.

39.
NanoHarmony: Improving the OECD Test Guidelines Process. Eric Bleeker (National
Institute for Public Health and the Environment)
Eric Bleeker1, Arno Gutleb2, Anna Pohl3, Elisabeth Heunisch3, Sean Kelly4, Elise Morel5, Claus Svendsen5, Rachel
Smith6, Karin Wiench7, Dominik Geiger7, Thomas Kuhlbusch3
1
National Institute for Public Health and the Environment (RIVM), Bilthoven/Utrecht, Netherlands
2
Luxembourg Institute of Science and Technology (LIST), Esch-sur-Alzette, Luxembourg
3
Federal Institute for Occupational Safety and Health (BAuA), Dortmund/Berlin, Germany
4
Nanotechnology Industries Association (NIA), Brussels, Belgium
5
UK Centre for Ecology and Hydrology (UKCEH), Wallingford, UK
6
UK Health Security Agency, Didcot, UK
7
BASF SE, Ludwigshafen, Germany
Background, Motivation and Objective
There are numerous EU funded projects both finished and ongoing targeting the characterisation of materials,
the characterisation of exposure, and the potential for persistence, bioaccumulation and (eco-) toxicity of
nanomaterials that are developing new methods and techniques. Many of these projects have, for at least of
their aims, the ambition to develop new standards and test guidelines to address regulatory frameworks.
However, the process that is followed to develop standardised methods is not always understood within the
scientific research community. At the same time, there is a need for the updating of existing of development of
new test guidelines (TGs) and guidance document (GDs) to cover nano-specific issues.
Statement of Contribution/Methods
As a Coordination and Support Action (CSA), the NanoHarmony project is aimed at helping support the
development of harmonized test methods for nanomaterials by working with both the OECD and the nanosafety
community to help address the challenges that exist in developing new science into nano specific TGs and GDs.
The input of several stakeholder communities has been actively sought throughout the project and this poster
will be aimed at identifying the barriers that scientists working on new methods and techniques can encounter
in translating their developments into the process of developing standards and TGs.
Results/Discussion
Looking at the different phases that an OECD TG progresses through during development, it is possible to
identify barriers that have been experiences by stakeholders and from these, to develop best practice for the
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future developers of new TGs. The aim of the poster is to help gather some of the views and experiences of the
scientific community at NanoWeek and to help engage them with developing new guidelines and training that
can be used to better prepare scientific results into harmonized methods for use in meeting regulatory
requirements. The poster will help further collect the challenges and barriers that are found along the test
guidelines development process. It will gather feedback and input from the scientific community through the
use of an online survey that can be launched from the poster using a QR code. Feedback from the community
is important in developing a lasting legacy from NanoHarmony by establishing best practice to help future test
guidelines to be developed more efficiently, smoothly and quickly.
Funding information: NanoHarmony - This project has received funding from the European Union's Horizon
2020 research and innovation programme under grant agreement No 885931.
Statement
This poster is part of the series on TG developments.

40.
Towards a Guidance Document for identification and quantification of the surface
chemistry and coatings on nano- and microscale materials
Jakob Klenø Nøjgaard1, Jutta Tentschert2, Harald Jungnickel2, Charlotte Kromer2, Andrea Haase², Alexander
Roloff², Peter Laux², Andreas Luch² and Keld Alstrup Jensen1
1
NRCWE, Copenhagen, DENMARK,
2
German Federal Institute for Risk Assessment (BfR), Berlin, GERMANY
Background
Internationally harmonised tools, such as the OECD TGs or GDs are required for testing nanomaterials to ensure
compliance with existing legal frameworks for chemicals. For example, specific requirements are included for
nanomaterials in the REACH annexes and other legal frameworks, though gaps in tools for testing and
determination of the required endpoints have been identified in EU and OECD committees. It is intended in the
project “NanoHarmony” to close this gap by developing test methodologies, which can complement OECD TGs
and GDs for testing nanomaterials. In this work, we provide the scientific background for establishing an OECD
Guidance Document (GD) supported by well-known analytical methods. The methods have been tested on 5
different nanomaterials, which are intended to reflect the diversity of real-life nanomaterials. The aim is that
the proposed Guidance Document will contribute to advance international harmonisation of hazard and risk
assessment of nanomaterials by ensuring comparability of analytical protocols and data requirements for
manufactured nanomaterials.
Methods
Description of equipment, methods used.
Five nanomaterials were selected for intra-laboratory comparison, and inter-laboratory comparison in a
succeeding step currently in process. These included inorganic and organic core materials coated with inorganic
and organic compounds, and different bonding types to represent real-life nanomaterials. Six methods have
been used as benchmark methods for identification and quantification of the surface chemistry and coatings.
These include (1) TGA-MS for measuring mass loss attributed to organic surface chemical modifications, and (2)
WDXRF and (3) ICP-MS to identify bulk compositions and potential presence of inorganic surface coatings. More
specific and labour consuming methods are used to identify the specific organic composition, which involved
(4) extraction and mass spectrometric analysis by TD-GC-MS, LC-MS, ESI-MS and MALDI-ToF-MS, as well as (5)
pyrolysis-GC-MS and (6) TOF-SIMS. The organic and inorganic coatings were quantified using appropriate
techniques, i.e. (TGA-MS) and ICP-MS /WD-XRD, respectively.
Results/Discussion
Presentation of the results obtained and discussion of the results.
The intra-laboratory comparison demonstrated that the surface chemical modifications could be identified
using both identical techniques and different techniques in the two laboratories involved. The analysis of the
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results will provide the basis for the consensus SOP (Standard Operational Procedure) and produce the scientific
documents to support the development of the OECD GD for characterization of NM coatings. Currently, interlaboratory testing has been launched as part of an OECD call with participation of 15 laboratories on 5
continents.
Funding information
Gov4Nano – This project has received funding from the European Union’s Horizon 2020 Research and
Innovation Programme under Grant Agreement 814401. NanoHarmony - This project has received funding from
the European Union's Horizon 2020 research and innovation programme under grant agreement No 885931.
Statement This poster is part of the series on TG developments.

41.
On the road towards a Guidance Document for determination of the solubility and
dissolution rates of nanomaterials in water and biologically relevant media
Keld Alstrup Jensen1, Yahia Kembouche1, Benjamin Krause2, Harald Jungnickel, Jutta Tentschert2, Kai Werle3;
Wendel Wohlleben3.
1
NRCWE, Copenhagen, DENMARK,
2
BfR, Berlin, GERMANY
3
BASF, Ludwigshafen, GERMANY
Background
The solubility and dissolution rates is essential information to assess whether a material will be persistent in a
biological compartment (ISO/TR 19057:2017(E), but are also important parameters for read-across, grouping
and biokinetics and QSAR (ENV/JM/MONO(2016)24; ENV/JM/MONO(2016)59; (COMMISSION REGULATION
(EU) 2018/1881 of 3 December 2018). REACH Annex VII states that: "For nanoforms, in addition the testing of
dissolution rate in water as well as in relevant biological and environmental media shall be considered." No
standards or guidance documents supported methods and data currently exists that can allow generation of
regulatory accepted data on neither solubility or dissolution rates in water and biologically relevant test media
as requested by REACH. OECD TG-105, even modified, may not be appropriate for testing of nanomaterials
(NM). OECD GD No. 29, developed for dissolution testing in aquatic media, is considered applicable for
determination of dissolution rate of metallic particles in one-week to 28 days; potentially in combination with
recommendations in OECD report No. 62 (ENV/JM/MONO(2015)44). In this work we, generate the scientific
background to establish an OECD Guidance Document (GD) supported by thoroughly tested and demonstrated
test methods. We also aim to establish ranking schemes for solubility and dissolution rates. The proposed
Guidance Document will directly contribute to advance international harmonisation of hazard and risk
assessment of nanomaterials by ensuring comparability of testing protocols and data requirements for
manufactured nanomaterials.
Methods
Description of equipment, methods used.
Three benchmark methods are established for interlaboratory and intralaboratory comparison testing: 1) An
Atmosphere-Temperature-pH-controlled Stirred Batch Reactor (ATempH SBR); 2) A Continuous Flow-through
membrane System (CFS); and a 3) Sequential Gastro-Intestinal Stirred Batch Reactor System (Seq GIT SBR). The
ATemph SBR is used to determine dissolution rates and solubility limits in water and biological simulant media
(lung lining, phagolysosomal, and gastro-intestinal media). The CFS is used to determine the dissolution rates in
lung-lining and phagolysosomal simulant fluids. The Seq GIT SBR is used to test the dissolution of materials
passing through the saliver (5 min), stomach (2 hours) and intestine (2 hours) by sequential exchange of media
during the test.
Results/Discussion
Presentation of the results obtained and discussion of the results.
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All three methods have been subject to thorough analysis of critical parameters and intralaboratory validation
testing and demonstration. As part of the work, different parameters have been tested for potential
optimization, which included: ATempH SBR; Role of predispersion in media (water, 0.05% BSA-water, or test
media (Gambles solution and PFS)) on dissolution. CFS; investigation of most appropriate lysosomal simulant
media and flow rates for the CFS; Seq GIT SBR; optimization of elemental analysis in the complex media.
Currently interlaboratory testing has been launched as part of an OECD call with participation of more than 15
interested laboratories.
Funding information Gov4Nano – This project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement 814401. NanoHarmony - This project has received
funding from the European Union's Horizon 2020 research and innovation programme under grant agreement
No 885931.
Statement
This poster is part of the series on TG developments.

42.
Development of an OECD Test Guideline for the dustiness testing of manufactured
nanomaterials
Anna Pohl1, Carla Ribalta2, Ana Sofia Fonseca2, Alexis Vignes3, Christophe Dutouquet3, Elisabeth Heunisch1,Neeraj
Shandilya4, Douglas Evans5, Thomas Kuhlbusch1, Keld Alstrup Jensen2, Jacques Bouillard3
1
Federal Institute for Occupational Safety and Health (BAuA), Berlin/Dortmund, Germany 2
National Research Centre for the Working Environment (NRCWE), Copenhagen, Denmark 3
L'Institut national de l'environnement industriel et des risques (INERIS), Paris, France
4
TNO Research group Risk Analysis for Products in Development (RAPID), Utrecht, Netherlands
5
National Institute for Occupational Safety & Health (NIOSH), The Centers for Disease Control & Prevention(CDC),
Cincinnati, OH, United States of America
Background, Motivation and Objective
Dustiness describes the propensity of a material to release airborne dust in response to an energetic stimulus.
Material dustiness is considered to be an important information for assessing the potential exposure to released
dust particles. Dustiness data can also be used to evaluate the risk of forming explosive dust clouds when
flammable materials are involved (e.g. nanocellulose and silicon). Standardized and harmonized dustiness test
methods valid for nanomaterials are required to fulfil current regulatory needs. Thus, an OECD Test Guideline
(TG) for dustiness testing of manufactured granular and high aspect ratio nanomaterials (HARN) is currently in
development and led by French and Danish national research institutions. The TG will provide protocols for
different dustiness test methods validated in intra- and interlaboratory comparisons (ILCs). It will also provide
guidance on the suitability of the different methods considering possible release scenarios, a comparison of the
methods and method specific ranking schemes.
Statement of Contribution/Methods
ILC tests were performed for granular nanomaterials in 18 different international laboratories using 6
nanomaterials representative of different chemical natures and dustiness levels covering 6 test methods (The
4 EN17199 methods (small rotating drum, rotating drum, vortex shaker, continuous drop) and two not yet
standardized methods (fluidizer and venturi)) (Figure 1). Emphasis was set on the establishment of harmonized
standard operating procedures (SOPs) to ensure comparability of data. Topics discussed, included aerosol
sampling instrumentation used, testing conditions and measurands used for comparison.
For HARN, an ILC was recently commenced with 15 international partners using three different dustiness test
methods (small rotating drum, fluidizer and venturi). No dustiness methods have yet been standardized for
HARN. HARN dustiness test methods will be aligned with the harmonized SOPs established in the ILC for granular
nanomaterials with added mandatory qualitative and quantitative analyses of the sampled dust using scanning
electron microscopy (SEM). This is an important addition for HARN, since direct-reading measurement devices
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are not yet validated for fibrous materials. The generated HARN dust will be collected on filters suitable for SEM
investigations and, from these electron micrographs, the objects will be classified and counted. A new SOP for
the characterization of airborne micro- and nanoscale fibrous objects according to their morphology using SEM
micrographs, will be assessed in the ILC.
Results/Discussion
Dustiness data obtained by the different methods (e.g. released respirable dust mass-fraction, number of
released particles, dustiness kinetics, and modal particle size-distribution) will be compared and the robustness
of the different methods will be assessed. Furthermore, these data will be used to establish method-specific
dustiness ranking schemes that could e.g. be used for future regulatory risk management classification of
powders. The use of dustiness test results for assessing the potential for exposure and for supporting the dust
explosion evaluation will be further developed in two accompanying OECD Guidance Documents (GDs). By
developing this validated OECD TG on dustiness testing, a harmonized framework for testing and risk
assessment of manufactured nanomaterials is being built. The TG and the accompanying GDs will contribute to
a safer and more sustainable use of manufactured nanomaterials.

Figure 1: Six different dustiness test methods are tested in the ILC on granular nanomaterials and three ofthose (small
rotating drum, fluidizer and venturi) in the ILC on HARN.

Funding information
NanoHarmony – This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Gov4Nano – This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 814401.
Statement
This poster is part of the series on TG developments.

43.
Development of two OECD Guidance Documents for nanomaterials dustiness data
applicability: exposure assessment and ATEX safety
Carla Ribalta1, Alexis Vignes2, Ana Sofia Fonseca1, Anna Pohl3, Elisabeth Heunisch3, Thomas Kuhlbusch3,Keld
Alstrup Jensen1, Jacques Bouillard2
1
National Research Centre for the Working Environment (NRCWE), Copenhagen, Denmark
2
L'Institut national de l'environnement industriel et des risques (INERIS), Paris, France
³Federal Institute for Occupational Safety and Health (BAuA), Berlin/Dortmund, Germany
Background, Motivation and Objective
Dustiness is a key parameter describing the ability of powder materials to generate dust in response to an
energetic stimulus. Dust particles released during materials agitation can lead to inhalation exposure risk and
to the formation of a potentially explosive atmosphere (ATEX). Thus, dustiness is an important property, which
can support the determination of a potential of exposure and ATEX risk assessment. Dustiness data is for
example used in several control banding and exposure assessment tools as input parameter to determine
exposure. Currently, an OECD Test Guideline (TG) for dustiness testing of manufactured nanomaterials
(granular and high aspect ratio materials) by using different methods is under development. Two
accompanying Guidance Documents (GDs) are developed in parallel, dealing with dustiness data applicability
for worker exposure assessment modelling and industrial ATEX safety. The worker exposure assessment GD
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will focus on how to use dustiness data for worker exposure modelling of particles concentrations during
pouring and transferring of materials. The methodology will be evaluated with at least 10 industrial case
studies. The ATEX GD is planned to provide guidance on how to handle reactive dust to perform dustiness tests
and how to use total mass dustiness data to support the determination of the volume of ATEX hazardousareas.
The relevance of the developed approach will be compared to current methodologies used to perform
hazardous area classification.
Statement of Contribution/Methods
For the exposure modelling GD, a compilation of 47 industrial powder handling scenarios (mostly pouring and
transferring type of scenarios) was conducted by doing a literature review of data generated in different
European and national projects. Relevant input parameters for modelling were identified (e.g. powder handling
mass rate, ventilation data, dustiness, and room size). Powder handling scenarios emission rates were estimated
by using dustiness data, which were subsequently used for exposure modelling. From these estimated source
terms, exposure modelling data was obtained by using a two-box mass-balance model (or NF (near field)-FF
(far field) model) (Ganser and Hewett, 2017) and two exposure control banding tools. Predicted exposure
modelling results obtained so far were compared to actual concentrations measured on-sites.
For the ATEX GD, dustiness of various combustible and reactive powders were compiled from a literature
review and data generated in the two EU funded projects Gov4Nano and NanoHarmony. Total mass dustiness
was identified as the most relevant dustiness parameter in order to estimate a volume of ATEX atmosphere
from the knowledge of ATEX safety parameters, namely the lower explosion limit of the powder. Predicted
results were compared to current operational practices.
Results/Discussion
For the exposure modelling GD, so far 13 industrial case studies were used to test the applicability of using
dustiness data for exposure modelling of particle number and respirable mass concentrations. The selected
cases had a good knowledge on the required modelling input parameters to avoid additional uncertainty of the
results. The improvement of modelling results by using specifically determined handling energy factor (factor
used to scale energy applied during a dustiness test to that of a real industrial process) was investigated.
Variability introduced by input parameters generally not known (handling energy factor and airflows) was
assessed. Additionally, occupational exposure concentrations were assessed by two control banding tools
(Stoffenmanager nano and NanoSafer) to assess potential occupational exposure risks.
For the ATEX GD, several powders were studied to assess the applicability of using total mass dustiness for
determining ATEX hazardous areas. The selected approach is an attempt to improve current risk assessment
evaluation by minimizing additional efforts in a day-to-day approach, which constitutes an essential criterion
for potential adoption by safety engineers. Additionally, an implementation procedure for safe handling of
combustible nanomaterials is proposed, especially as low density, fibrous shape or reactivity can pose specific
concerns to test the total mass dustiness and the explosivity of the nanomaterials.
Funding information
NanoHarmony - This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Gov4Nano – This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 814401.
Statement
This poster is part of the series on TG developments.
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44.
Development of a Guidance Document for testing the abiotic transformation of
Nanomaterials in Environmental Media
Lucie Stetten1, Ralf Kaegi2, Frank von der Kammer1
1
University of Vienna, Department of Environmental Geosciences, Vienna, Austria
2
EAWAG, Department of Process Engineering, Duebendorf, Switzerland
Background, Motivation and Objective
The abiotic (chemical) transformation of nanomaterials has been recognized as one of the major processes NM
undergo in the environment. Abiotic transformation can lead to a change in composition, mineralogy, surface
properties and/or morphology which all can alter the environmental behavior, biological uptake and
toxicological profile of the NM. This has led to the conclusion that information on the abiotic transformation is
required for the risk assessment of NM and that an OECD guidance document (GD) or/and technical guideline
(TG) would support NM risk assessment. The development has started in 2019 in project 3.16 under the test
Guidelines Program: Guidance Document Environmental abiotic Transformation of Nanomaterials.
Contribution to the Test Methods Development program
The myriad of possible NM transformations which can occur, emerging from various NM, different nanoforms
and the high variability and complexity of water chemistry, cannot by fully covered by a test system. Therefore,
and following the principles of OECD TG 318 a set of major transformation pathways and most commonly
encountered water chemistries of surface waters have been identified. To best mimic natural conditions an
experimental set-up to obtain high liquid to solid ratios has been designed and tested. Suitable, still affordable
and available analytical approaches have been selected and tested against reference methods like synchrotron
based x-ray spectroscopy. Outcomes of these studies form the basis of an OECD guidance document draft which
also feeds into a new project destined to prepare a technical guideline.
The poster is not primarily aimed at showing a lot of results but rather engage in discussion about the proposed
approaches. It will show the layout of the proposed test system for batch experiments, the rationale behind
media selection and results from NM-on-grid experiments (TEM-EDX) and synchrotron studies.
These results led to a refined test-design for continuous flow experiments that will be further developed. It is
the aim of the poster to stimulate discussions about two central aspects: the appropriate (quantitative)
endpoint of those experiments and the proposed continuous flow experimental set-up
Funding & support information
Funding was provided by EU H2020 project Gov4Nano under the Grant Agreement (GA) No: 814401. We
received support from SOLEIL (France) at the SAMBA bending-magnet beamline and the European Synchrotron
Radiation Facility (ESRF, France) at the FAME bending-magnet beamline. The EU H2020 project NanoHarmony
has provided support by the organization of two OECD related workshops in which the methodology could be
discussed with experts.
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45.
Development of a new Guidance Document on the determination of concentrations
of nanoparticles in biological samples for (eco)toxicity studies – A systematic review
of single particle ICP-MS. Adam Laycock (UK Health Security Agency)
Adam Laycock1, Nathaniel Clark2, Rob Clough2, Richard Handy2, Rachel Smith1
1
Radiation, Chemical, and Environmental Hazards, UK Health Security Agency, Harwell Science Campus, UK
2
School of Biological and Marine Sciences, University of Plymouth, UK
Background, Motivation and Objective
To support the undertaking of (eco)toxicity studies carried out in accordance with a number of Test Guidelines
and Guidance Documents (GD), both existing and in development, a new GD is under development on the
determination of concentrations of nanoparticles (NPs) in biological samples. This GD aims to provide guidance
on: i) the current international state of the art and available analytical techniques; ii) the selection of the most
appropriate analytical approach and treatment of samples; and iii) validation approaches and acceptance
criteria.
Statement of Contribution/Methods
Single particle ICP-MS is anticipated to be a key analytical technique for the detection and characterisation of
metal-based NPs, and a systematic literature review was undertaken to assess the current state of the art for
this technique from sample collection to storage, preparation and analysis. This information was used to identify
knowledge gaps and make recommendations.
Results/Discussion
The collection and storage of samples is critical, and actions should be taken to prevent contamination and to
preserve NPs in samples. There is a lack of data to assess the appropriateness of long-term storage options,
which will be largely dependent on the NP and biological matrix combination. Ideally samples should be
processed immediately or very soon after collection to avoid NP (trans)formation during storage. Existing
studies have largely focused on a small number of NP types (e.g., Au, Ag and TiO 2), and data is lacking, or is
sparse, for some key biological matrices such as reproductive organs. A ‘one size fits all’ approach to sample
preparation and treatment is not practical, instead the most appropriate approach should be selected based on
the known characteristics of the NP and biological matrix with the following considerations: i) the protocol
should be appropriate for the breakdown of the biological matrix of interest; ii) the protocol should preserve
NPs whilst not promoting the formation of new NPs; and, iii) the required reagents must be of appropriate
purity. Within the literature there is a lack of consistency in how metrics are determined (e.g., the size limit of
detection and ‘recovery’) and the terminology used. There is a lack of certified reference materials (CRMs) for
NPs in biological matrices; the production of such CRMs is problematic due to the wide range of NP and matrix
combinations and the difficulty in long term storage of these materials. The systematic review identified the
most promising sample preparation protocols and aspects of good practice, such as control samples and quality
assurance. The next step for the scientific community is a consensus-based approach to arrive at standardised
methods for the most promising approaches, and the production of technical guidance on how best to select
and apply the methods, and to reach agreed nomenclature and technical definitions relating to single particle
ICP-MS.
Funding information
NanoHarmony - This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Statement
This poster is part of the series on TG developments.
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Applicability of the key event based OECD TG 442D for in vitro skin sensitization
testing of nanomaterials. Christian Kropf (Federal Office of Public Health FOPH)
Christian Kropf1, Andreas Natsch2, Tina Haupt2, Blanca Suarez-Merino3, Sabine Frey1
1
Federal Office of Public Health FOPH, Chemical Products Division, Switzerland
2
Givaudan, In vitro Molecular Screening, Fragrance & Beauty, Switzerland
3
TEMAS Solutions GmbH, Switzerland
Background, Motivation and Objective
Nanomaterials cannot easily penetrate healthy skin. Nevertheless, studies have shown that nanomaterials can
exhibit sensitising effects for example through penetration of damaged skin, non-covalent binding to proteins
as well as through release and action of free chemicals. The OECD test guideline (TG) 442D is a validated in vitro
method to assess the sensitising potential of chemicals, but this method has not yet been tested for
nanomaterials. This project aimed to investigate the suitability of the existing KeratinoSens™ assay (OECD TG
442D, ARE-Nrf2 luciferase) for nanomaterial testing.
Statement of Contribution/Methods
The project started with a literature review about toxicological and immunomodulatory effects of
nanomaterials on skin. A set of nine manufactured nanomaterials (MNM) and three positive control
nanomaterials were selected and characterized by transmission electron microscopy (TEM) and dynamic light
scattering (DLS). Where available previous developed standard operation protocols (SOPs) on dispersion and
characterization of MNM were used. The nanomaterials were assessed in the ARE-Nrf2 luciferase method
(OECD TG 442D, KeratinoSensTM assay). The in vitro results were compared to existing in vivo data and in vivo
to in vitro correlation analysis was performed.
Results/Discussion
The two qualities of titanium dioxide nanoparticles, the nickel(II)oxide particle and the
polyethylenglycoldiacrylate nanotubes showed negative results in the KeratinoSensTM assay whereas silver and
gold resulted in a dose-dependent luciferase induction. The three tattoo inks assessed, both qualities of black
ink were negative, while the pigment red tattoo ink gave a clearly positive signal in the KeratinoSensTM assay.
The in vitro to in vivo correlation was done on a simple yes/no approach. Although this correlation indicated
correct outcome for some MN: it was not yet possible to conclude on the predictivity of KeratinoSens TM for
MNM skin sensitisation testing due to the limited dataset.
This study showed that technically the KeratinoSensTM test method can be applied for MNM for skin
sensitisation and revealed recommendations for further work on the adaptation of OECD TG 442D
(KeratinoSensTM test method) for nanomaterial assessment for skin sensitisation.
Funding information
The basis of this work has been performed in the project Gov4Nano (https://www.gov4nano.eu/, H2020funded, Grant Agreement number: 814401).
Statement
This poster is part of the series on TG developments.
Within the OECD Working Group of National Co-ordinators of the TGs programme (WNT) it has been taken up
into the work plan as WNT project 4.133 and will result in a study report.
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Nanomaterial Toxicokinetics: Supporting OECD Test Guideline Development
Ilse Gosens1, Agnes Oomen1, Jos van Triel1, Trine Berthing2, Ulla Vogel2, Adam, Laycock3, Rachel Smith3
1
National Institute for Public Health and the Environment (RIVM), Bilthoven, The Netherlands
2
National Research Centre for the Working Environment (NFA), Copenhagen, Denmark
3
UK Health Security Agency (UKHSA), Oxfordshire, UK
Background, Motivation and Objective
Information on the toxicokinetics of nanoparticles is necessary to establish the behaviour (including uptake,
distribution, transformation, excretion and accumulation) of nanoparticles in the body that may lead to toxic
effects (i.e. potential hazard). Toxicokinetic data can support the design and interpretation of in vivo toxicity
studies (e.g. repeated dose toxicity, genotoxicity, neurotoxicity, reproductive toxicity) and are also key in
screening approaches and in the scientific justification of grouping and read-across for nanomaterials. As such,
toxicokinetic information is important in increasing the efficiency of information gathering for risk assessment
purposes. In addition, data derived from in vivo toxicokinetic studies will increase the relevance of in vitro data
by linking the exposure of in vitro systems to internal doses in target organs from in vivo testing. The current
OECD Test Guideline (TG) on toxicokinetics is not applicable to nanomaterials and therefore a project to develop
a TG on nanomaterial toxicokinetics was initiated (by The Netherlands (RIVM) and co-led by the UK (UKHSA)).
This project aims to provide a new TG to harmonize the generation of in vivo toxicokinetic data on nanoparticles
for regulatory purposes. It will define the minimum requirements of in vivo nanoparticle toxicokinetic studies,
for both oral and inhalation exposures, including: dose levels/ranges, exposure duration, post-exposure
periods, time points for determining organ burdens, and key organs or tissues to be analysed. To support the
development of the scientific basis for the recommended study design a range of activities, including
experimental studies, are being undertaken as part of the NanoHarmony project (www.nanoharmony.eu).
Activities Related to the Development of the New TG on Toxicokinetics
A gap analysis was undertaken to determine whether there was sufficient information available from in vivo
toxicokinetic studies (completed or planned) and kinetic models for nanoparticles to estimate the minimum
requirements of the study design for oral and inhalation toxicokinetic studies. This was informed by the
literature and the outputs of an Expert Workshop held in November 2020. This found that existing kinetic
models in combination with the results of available and currently planned in vivo toxicokinetic studies should
be sufficient for capturing the toxicokinetics of very slowly (e.g. CeO2 and TiO2) and moderately quickly (e.g.
SiO2) dissolving nanoparticles after inhalation. Therefore, there was no major data gap with respect to
inhalation exposure. With respect to oral exposure, however, there was uncertainty over the adequacy of the
available data. The need for additional studies was therefore highlighted. The gap analysis also identified other
areas for consideration in the development of the TG (e.g. the oral gavage volume, diet vs gavage and retention
of nanoparticles in delivery systems).
Ongoing Activities
Following the conclusions of the gap analysis, additional oral in vivo toxicokinetic studies (e.g. TiO 2) have been
planned/undertaken by project partners. Further modelling studies are underway and focused literature
reviews to address issues such as the significance of particle size and analytical technique limits of detection to
study design are progressing. Issues such as the role of dissolution/solubility in study design are also being
considered. The results from all these strands will be combined to develop the TG in consultation with members
of the Expert Group.
Funding information
NanoHarmony - This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Statement
This poster is part of the series on TG developments.
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48.
Integrated In Vitro Approach for Intestinal Fate of Orally Ingested
Nanomaterials
Cristina Andreoli1, Federico Benetti2, Luisana Di Cristo3, Valentina Prota1, Stefania Sabella3, Isabella
De Angelis1
1
Istituto Superiore di Sanità, Environment and Health Department, Rome, Italy,
2
ECSIN-European Center for the Sustainable Impact of Nanotechnology, ECAMRICERT SRL, Padua, Italy
3
D3 PharmaChemistry, Nanoregulatory Group, Italian Institute of Technology, Genoa, Italy
Background, Motivation and Objective
Oral ingestion is considered highly relevant for the investigation of biological effects of Engineered
nanomaterials (ENMs). With the aim to identify hazards, regulatory agencies such as EFSA and ISO have
emphasized the importance to investigate ENMs dissolution profile in the digestive tract and their (eventual)
translocation through the intestinal barrier. This project is aimed to provide a scientific basis to define a
conceptual framework and procedures for determining the intestinal fate of orally ingested ENMs by the use
of a two-step approach simulating the intestinal digestion of ENMs in the oro-gastro intestinal (OGI) tract and
their interactions with the intestinal mucosa (e.g., internalization and translocation). To simulate both steps, in
vitro methods and related analytical approaches are applied. The information gathered will feed the project’s
primary objective that is the elaboration of a new OECD Guidance Document (GD) to highlight the most
appropriate approaches to determine the ENM fate in the OGI tract and their relative internalization through
the intestinal epithelium.
In 2019 the project was included in the OECD-WPMN programme of work. The relative SPSF was approved by
OECD-WNT in April 2022.
Statement of Contribution/Methods
a) Simulated digestion (acellular assay)
Dissolution is considered the critical step for determining ENMs fate in the environment and within the body,
representing a useful predictor of ENM biodurability in vivo. Within this context, in vitro digestion assay has
been developed for simulating physiological conditions in the OGI tract after food consumption. A state-ofthe-art analysis of the in vitro digestion assays, currently applied to simulate ENM oral digestion, was
conducted to identify the most predictive test. Among the available assays, the " static/consecutive " digestion
model, simulating the sequential addition of OGI fluids to ENM, was selected and utilized in the present study.
b) Barrier crossing/uptake (cellular model)
Differentiated Caco-2 cell line is considered the best starting point for in vitro intestinal barrier modelling, since
it has been extensively used and characterized. Nevertheless, the Caco-2 mono-culture has several limitations,
mainly due to the structural complexity of the intestinal epithelium, particularly for uptake/translocation
studies of particulate matter. Hence, according to some literature evidences, the use of a tri-culture model including mucus-secretory cells (HT29-MTX) due to the relevance of mucus defensive properties and its
impacts on nanoparticle mobility, and hematopoietic cells (Raji-B) able to promote Caco-2 conversion in
specialized M cells involved in particulate uptake - was explored.
c) Analytical detection
Several analytical techniques can be used to characterize ENM physico-chemical properties, quantify the
soluble and particulate fraction, as well as their internalization/translocation through the in vitro intestinal
barrier. A literature survey, focused on inorganic ENMs, was conducted to identify the best analytical approach
for project purposes. It addressed some key parameters as: type of approach (single or multiple), type of
analytical technique, methods for sample preparation.
Results/Discussion
a) Simulated digestion (acellular assay)
The Italian Institute of Technology (IIT) optimized the physico-chemical and methodological parameters for in
vitro digestion assay, elaborating the relative SOP (Fig.1). In particular, the protocol was optimized to perform
the test under sterile conditions using appropriate sample volumes and rapid freezing procedures. Reliable
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concentrations for in vitro testing of selected ENMs were also established.
b) Barrier crossing/uptake (cellular model)
The Italian National Institute of Health (Istituto Superiore di Sanita, ISS) defined the SOP for the tri-culture
model establishment and characterization (Fig 2). The SOP takes into account culture conditions of the
different cell lines (Caco-2, HT29-MTX, Raji B), the co-culture procedures, the essential endpoints, and the
relative methods to assess them, for definition of the model acceptance criteria. In this regard, some criticalities
have yet to be solved.
c) Analytical detection
ECAMRICERT (ER), defined the essential criteria of the main analytical techniques that will be used to quantify
dissolution (Fig. 3). These criteria, will be used to calculate the NM release kinetics and to compare the relative
data obtained in the different laboratories. Moreover, the acceptance criteria of the analytical data were
defined.
Funding information
NanoHarmony - This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Statement: This poster is part of the series on TG developments.

Figure 1: In vitro simulated digestion protocol

Figure 2: Experimental design for Caco-2/HT29-MTX/Raji B tri-culture

Figure 3: Analytical procedure for the determination of NM dissolution rate after simulated digestion
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49.
Scientific basis for adapting technical guidelines for nanomaterials testing: the case
of the OECD Test Guidelines with algae, daphnia and fish. Susana Loureiro
(University of Aveiro)
Susana Loureiro1, Fábio Campos1, Nicolas Manier2, Pascal Pandard2, Jose María Navas3, Gerardo Pulido-Reyes3,
Maria Luisa Fernández-Cruz3
1University of Aveiro, CESAM & Dept. Biology, Portugal
2Institut National de l'Environnement Industriel et des Risques, Verneuil en Halatte, Picardie, France
3National Institute for Agricultural and Food Research and Technology, CSIC, Dept. Environment and Agronomy,
Madrid, Spain
Background, Motivation and Objective
Some issues have been highlighted during the last years on how to apply the most commonly used aquatic
ecotoxicity tests to nanomaterials (NMs), which are required in REACH and CLP regulations (Test Guideline (TG)
nº 201 Algal growth inhibition test, TG 202 Daphnia sp., acute immobilization test and TG 203 Fish, acute toxicity
test). Aiming at filling in some of these gaps, appropriate approaches on experimental set up and practical
methods will enlarge the scientific basis for the eco-toxicological testing of NMs and generate technical
recommendations. This scientific evidence will support the development of guidance which will be included as
annexes to the “Guidance Document on aquatic and sediment toxicological testing of nanomaterials” (OECD
Guidance Document N°317).
Statement of Contribution/Methods
Initially, identification and collation of data, protocols and SOPs from completed and ongoing national and
international initiatives were performed, to define possible improvements in the protocols of the
aforementioned TGs allowing their application to NMs, in close collaboration with a dedicated working group
established at OECD. Several NMs obtained from the JRC NM reference list have been selected as representative
NMs : TiO2 (NM 101,104), ZnO (NM 110, 111), SiO2 (NM200), MWC nanotubes (NM400, 401), BaSO4 (NM220)
and Bentonite (NM600).
Results/Discussion
Protocols are now under optimization, and results of the gap analysis and of initial experiments will be
presented aiming at the best approaches to improve the performance of the three assays with algae, daphnia
and fish. These results include improved and appropriate methodologies regarding endpoints, measurements,
test design, experimental media and dilutions.
The dispersion protocol used for some NM, showed consistency between the three labs involved within the TGs
201, 202 and 203. An enhanced protocol using organic matter is being carried out, with further developments
aiming at improving NM dispersion. Algae counting methods, exposure vials, setup and mechanical effects are
some of the explored methodologies and approaches tested.
Funding information
NanoHarmony - This work has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 88593.
Statement: This poster is part of the series on TG developments.
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Gov4Nano Task 2.8 Studies on bioaccumulation of nanomaterials in fish
Judit Kalman1, Mona Connolly1, Salomé Martínez-Morcillo1, José María Navas1, Eric Bleeker2, María-Luisa
Fernández-Cruz1
1
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Background, Motivation and Objective
Bioaccumulation studies in fish are needed to classify the substances that have the potential to bioconcentrate
under the Globally Harmonized System of Classification and Labelling of Chemicals (GHS). In addition,
bioaccumulation is an essential part in a persistence, bioaccumulation and toxicity (PBT) assessment requiredin
several regulatory frameworks such as REACH in Europe for substances that are produced or imported in
amounts >10 tonnes per year. The overall objective of Task 2.8 of the Gov4Nano project, supporting the
European Malta Initiative, is to further develop the bioaccumulation testing for manufactured nanomaterials
(NMs) in order to establish a suitable protocol that complies as close as possible with OECD Test Guideline (TG)
305 (OECD, 2012).

Statement of Contribution/Methods
First, a thorough bibliographic review of peer-reviewed literature from the Web of Science database has been
conducted to reveal the latest progress on NM bioaccumulation studies in fish and the bioaccumulation
potential of NMs. This search also allowed to identify issues in the performance of bioaccumulation assays with
NMs which need to be addressed. As bioaccumulation studies can be performed using both an aqueous or
dietary exposure route, careful considerations on the most appropriate route selection for specific NM testing
is required ensuring TG 305 validity criteria can be met. Information on the aqueous exposure test setups and
feed spiking methodologies used were gathered and thereafter appropriate approaches/methodologies were
selected/developed for NM testing. As test performance is dictated byanalytical capabilities, the current state
of the science on analytical approaches to determine NMs in fish tissues was reviewed.
Finally, aqueous and dietary bioaccumulation studies were performed with a selection of NMs to check the
applicability of TG 305 to NMs following the approaches developed for NM testing. The effects of three
parameters (NM shape, surface coating and routes of exposure) on bioaccumulation potential were studied as
well as the presence of particles in different tissues.
Results/Discussion
While a substantial number of NM fish bioaccumulation studies were collected (78 in total), there was a limited
number of bioaccumulation factor values reported for regulatory evaluation purposes. Information gaps for
certain types of NMs and critical NM-specific aspects needing further guidance were identified. A NM feed
spiking methodology was developed and used to ensure a consistent exposure dose to fish when using TG 305
dietary exposure route testing. A schematic of appropriate established analytical techniques and how these
could be used in hypothetical analytical approaches towards achieving complete determination of distinct
groups of NMs including metal/metal oxides, composites, silica, and carbon based NMs in fish tissues including
a tier 1 level of detection (qualitative, tissue localization), to a tier 2 more detailed characterizationof particle
state (size distribution/aggregation/complexing) as well as achieving a tier 3 level of quantificationis presented.
Bioaccumulation tests were successfully performed using TG 305 with the developed methodologies and
approaches and all information generated will contribute to the development of a guidancedocument for NM
bioaccumulation testing in fish.
Funding information
Gov4Nano - This project has received funding from the European Union’s Horizon 2020 research andinnovation
programme under grant agreement No 814401.
Statement
This poster is part of the series on TG developments.
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Scoping Review on the Scientific Basis for New Guidance on the Determination of
Bioaccumulation Potential of Manufactured Nanomaterials
Richard. D. Handy1, Nathaniel. C. Clark1, Joanne Vassallo1, Claus Svendsen2, and Fatima Nasser3
1
The University of Plymouth, UK.,
2
UK Centre for Ecology and Hydrology, UK.,
3
Department for Environment, Food & Rural Affairs, UK
Background, Motivation and Objective
Bioaccumulation potential is one of the key aspects for the environmental risk assessment of chemicals. For
regulatory purposes, an in vivo fish bioaccumulation test is often used, such as the Organisation for Economic
Cooperation and Development (OECD) test guideline (TG) 305, or similar methods. The TG 305 has options for
either aqueous or dietary exposure methods, but due to the difficulty of maintaining nanomaterial dispersions
in water, the dietary exposure method is preferred for manufactured nanomaterials (MNs). However, the
overall testing strategy could be improved regarding animal welfare considerations (the 3Rs: replacement,
reduction, refinement) to avoid unnecessary vertebrate animal testing. Also, the trigger to initiate testing, the
n-octanol-water partition coefficient (log KOW) for lipid solubility, is not appropriate to most MNs and new
triggers are needed.
The overall aim of the scoping review is to consider how to amend the bioaccumulation testing strategy for
MNs, exploring the tools and alternative techniques available, whilst maximising the implementation of the 3Rs
and ensuring chemical safety. The specific objectives include to: (i) overview available tests (in silico, physicochemical, in vitro, invertebrate) that could be used as alternatives to live fish or to minimize the use of TG 305;
(ii) suggest possible approaches to a testing strategy with evidence of correlations between any tiers in the
testing; (iii) Make recommendations on the way forward.
Statement of Contribution/Methods
The scoping review included a detailed meta-analysis of existing and new data on the physico-chemical
properties of MNs and their bioaccumulation in earthworms and fish (gut sacs and in vivo). The methods are
detailed in two key scientific papers that are supporting the OECD scoping review (Handy et al., 2021
Environmental Science: Nano. 8, 3167-3185; Handy et al., 2022; Environmental Science: Nano, 9, 684–701).
Results/Discussion
Using the examples of CuO nanoparticles (NPs), as well as Ag or Ag2S NPs, it was possible to show that an
‘apparent steady-state’ concentration of total metal in the tissues occurred in bioaccumulation tests with either
fish (Oncorhynchus mykiss) or earthworms (Eisenia fetida). From the metal concentrations in the tissues
compared to the diet (fish), or surrounding soil (earthworms), it was possible to derive nano biomagnification
factors (nBMFs) and nBAFs respectively. Crucially the nBAFs from earthworms showed excellent correlations
with the nBMFs from trout, indicating that earthworms could be used as an alternative data to in vivo studies
on fish. The nBMF for the trout liver showed good correlations with the physico-chemical parameters of the
MNs, with a significant correlation to the particle dissolution rate (Spearman’s correlation, p < 0.01). With more
data, it may be possible to derive prediction equations for the bioaccumulation of various MNs based on their
physico-chemical properties. The mid intestine mucosa of the ex vivo gut sac technique also gave good
correlations to in vivo liver tissue total metal concentrations, with r2 values between 0.8 and 0.9 for the example
MNs here. In conclusion, the meta-analyses supports the development of an integrated and tiered approach to
bioaccumulation testing that considers the 3Rs and minimises the use of the fish bioaccumulation test (e.g.,
OECD TG 305), for manufactured nanomaterials.
Funding information
NanoHarmony - This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 885931.
Statement
This poster is part of the series on TG developments.
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52.
Production and Characterisation of Ni/SiC nanocomposite coatings through a novel
U/S assisted Electroplasting cell.
E.Papaioannou 1,*, K. Mavronasou 1, A. Bairamis1, A. Grigoropoulos1, I. Deligkiozi1, A. ZoikisKarathanasis1
1
Creative Nano PC, 4 Leventi Street, Peristeri, 12132 Athens, Greece - *e.papaioannou@creativenano.gr
Abstract
Hard Chromium (HC) electroplated coatings have dominated the surface treatment industry for almost 100
years because they can provide outstanding mechanical strength and corrosion resistance, as well as an
aesthetically pleasing appearance to metallic items [1]. However, the manufacturing of HC coatings requires
the use of hexavalent chromium (Cr6+) which is classified as a carcinogen by REACH. Therefore, companies using
Cr6+-based electroplating baths must acquire specific authorization by EC.
Creative Nano is currently investigating the use of Ni matrix nanocomposite coatings reinforced with silicon
carbide nanoparticles (SiC NPs) that show high corrosion and wear resistance and comparable hardness to HC
[2,3]. Specifically, as part of the EU-funded Sabydoma Project [4], Creative Nano has designed and
manufactured a new medium-scale ultrasound assisted electroplating platform which enables the application
of ultrasonication during and not just beforethe plating process. This leads to the production of nanocomposite
coatings in which the SiC NPs are homogeneously dispersed, which in turn results to excellent microhardness
values of 850 HV0.1.Moreover, the new platform shows an 84% reduction of electroplating wastes (i.e. Ni2+, SiC
NPs, organic additives) that are produced upon rinsing.
Fundings information:
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 862296, “Sabydoma”
Keywords:
Nanocomposite coating, Ni electroplating, SiC nanoparticles, waste reduction
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53.
Developing Photocatalytic Titanium Dioxide Nanocomposite Coatings
J.C. Mallia, A. Agius Anastasi and S. M. Briffa
Department of Metallurgy and Materials Engineering, Faculty of Engineering, University of Malta
Background, Motivation and Objective
Photocatalytic coatings with self-cleaning and antimicrobial properties have been researched to address certain
global issues such as high cost of cleaning supplies and services, and antimicrobial resistance microbes. The
main aim of this project was to develop photocatalytic titanium dioxide (TiO2) nanocomposite coatings with
self-cleaning and antimicrobial effects.
Statement of Contribution/Methods
PDMS/TiO2 nanocomposite coatings were produced on glass slides by means of dip coating. Three sets of NM
samples were used which consisted of an anatase, rutile and a mixed phase with three concentrations of 0.6, 1
and 3 w/v% of TiO2. The physiochemical characterisation of the pristine NMs was carried out by means of X-Ray
Diffraction (XRD), and Scanning Electron Microscopy (SEM). The dispersion of the TiO2 NM on the glass slides
was confirmed by energy dispersive X-ray spectroscopy (EDS) whilst the properties of the coating were analysed
and tested by nanoindentation, profilometry, UV-VIS spectroscopy, water contact measurements and
antimicrobial testing.
Results/Discussion
From the results obtained, a stable photocatalytic hydrophobic coating was produced when loading with 3 w/v%
TiO2. The best coating was the anatase sample when compared with the other samples as it degraded the
methylene blue the fastest.
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Dustiness index determination: a tool for a safer by design development of advanced
nanomaterials
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T. M. OKYAY4, S. ADIGUZEL4, N. CICEK4
1
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3
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4
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Background, Motivation and Objective
Safe(r) by design efforts have gone into formalizing and standardizing the development process of
nanomaterials through a life cycle approach (i.e. from synthesis to use and end-of-life). This results in astructured
and most often sequential approach deliberately putting the focus on hazard and exposure issues regarding the
nanomaterial itself in a bottom-up progression (i.e. from synthesis of nanomaterial, its modification to its
incorporation in the final product) of material development (Rose et al., 2021). However, this strategy lacks
flexibility to quickly screen out nanomaterial candidates which do not reachone of the two process functions;
material function or safer product. This study took place within the framework to improve the development of
safe-by-design of nanomaterials by surface modification. Theinitial work involved the evaluation of release by
performing dustiness tests of nanostructured bulk powders. The dustiness potential of a powder can be defined
as its propensity to emit aerosol particles during powder handling operations, e.g. dumping, stirring, pouring
etc. Indeed, recent studies show thatthe determination of the dustiness index could be considered as a good
indicator of the release and exposure to particles (Ribalta et al., 2019). Secondly, it identified certain physical
properties of these powders that could correlate with the evolution of their Dustiness indices. The motivation is
to increasethe flexibility of the safe(r)-by-design approach to the development of novel nanomaterials. Our
work proposes physical parameters that are easily measurable by the entities developing nanomaterials,
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especially SMEs, at relatively low cost, to provide early indication of suitability of new candidate materials for
further development.
Statement of Contribution/Methods
The study was based on the development of nanomaterials in the form of powders intended for differentsectors
(cosmetics, automotive, insulation, polymer reinforcement) whose safe(r) by design character was
implemented by surface modification. The impact of surface modifications aimed at increasing particle
agglomeration/aggregation to reduce the emission of airborne particles or change chemical surface properties
for increased performance. Their dustiness indices were obtained using two standard test methods: Vortex
shaker (EN 17199-5) and Rotating drum (EN 15051-2).
The Dustiness index was assessed for both bulk/pristine materials and equivalent surface modified materials.
The physical properties including powder moisture content, bulk density, specific surface areaand aerodynamic
diameter were determined to establish their relationship with dustiness index (both mass and number-based).
Results/Discussion
The preliminary results indicate, for each powder analysed, that an increase in the bulk density or decrease in
the specific surface area of the powder particles upon their surface modification can reducethe dustiness index.
Increase in the moisture content increases the dustiness index to a certain limit, due to particle surface
interactions (called critical moisture content limit), beyond which the dustiness index starts reducing with
increasing moisture content. These observations are in agreement with the previousfindings in the literature
(Evans et al., 2013; Ding et al., 2015; Shandilya et al., 2019). The origin of this observation may be due to a change
in the surface properties, in particular the hydrophilic or hydrophobic character of the coating and to the
physical modification from a covering which modifies the particle size distribution (PSD) of the powders. The
next steps will be to establish the link between dustiness index values and measured occupational exposure.
When this link is established within the framework of a safe (r) by design approach, the Dustiness Index could
be used as the basis for defininga key performance indicator.
Acknowledgements
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Development of a Safer-by-Design Nano-Structured Tungsten Carbide-Cobalt (nWCCo) Wear-Resistant Coating
Joséphine Steck1, Bastien Pellegrin1, Sébastien Jacquinot1
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Univ. Grenoble Alpes, CEA, Liten, DTNM, 38000 Grenoble, France
Background, Motivation and Objective
To satisfy the need for increased life-time products and offer substitutes for hard chromium formulations, the
WearEnd2 project (EU H2020, EIT Raw Materials) ambitions to develop a novel and hard-to-copy material
solution based on nano-structured tungsten carbide-cobalt (nWC-Co) powders for wear resistant coatings. The
project integrates the concept of Safe-by-Design (SbD) [1] to maximize safety while maintaining functionality
through the different stages of innovation, from the material formulation, to the pilot and industrial scale-up.
Statement of Contribution/Methods
The methodology implemented to integrate nano-related risk in nWC-Co coatings development focused on
limiting the emissivity of the nWC-Co powders (product SbD) and ensure safe production and industrial use
(process SbD).
The emissivity of various nWC-Co powders developed in the course of the project was evaluated by their
dustiness indexes, expressed in number (DIRN, in #/mg) or in mass (DIRM, in mg/kg), obtained by vortex shaker
method (EN 17199-5:2019). The purpose of the dustiness study is to evaluate the propensity of a powder to
generate a (nano)aerosol during simulated handling. The dustiness indexes, expressing the amount of airborne
respirable particles emitted by a powder under specific conditions, is a key factor for potential worker exposure
and should thus be limited according to SbD strategy.
Concomitantly, an occupational nano-risk assessment was performed according to ISO 17058 standard [2] for
both nWC-Co powder production and coating technology processes, at pilot scale and at industrial scale. The
nano-risk of production and coating processes for four project partners were qualitatively assessed through a
customized adaptation of the chemical risk assessment method ND223 [3] developed by the French national
institute for occupational safety. Furthermore, nanosafety workshops are organized to provide an introduction
to nanosafety concerns, to raise awareness for all the partners involved in the powder production and the
coating processes and to present the results of the nano-risk assessment.
Results/Discussion
Dustiness study
The dustiness analysis performed on the first formulation of nWC-Co powder produced within WearEnd project
revealed elevated dustiness indexes, as compared to commercially available reference powders (cf. figure 1).
Optimized formulations (in terms of functionality and dustiness) were subsequently assessed, showing a
number based and mass based dustiness indexes reduction by a factor 10 and 30 respectively. Nonetheless, the
dustiness level of the developed nWC-Co powders remains above the commercial powders. Since no direct
relationship with powder particle size distribution or bulk density, further efforts are ongoing to identify the
intrinsic properties of the powder that may govern its propensity to liberate airborne particles. A specific focus
will be given to the portion of sub-micron sized aggregates present in higher proportion in theWearEnd nWC-Co
formulations than in the commercial reference WC-Co powders (as illustrated in figure 2). The efficiency of
implementing further sieving step (post-processing) to remove the smallest aggregates fromthe final product
to reduce the dustiness may be investigated.
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Figure 1 – Dustiness indexes of commercial WC-Co and newly developed nWC-Co powders

(a)
(b)
Figure 2 – SEM images of Reference WC-Co #3 (a), and WearEnd nWC-Co formulation #4 (b) powders
Occupational nano-risk assessment
A nanosafety questionnaire was distributed among partners to gather technical an organisational information
regarding the process of interest (duration and frequency, chemicals handled or produced, waste management,
collective or individual protective equipment…). The collected data was used to classify and identify the riskiest
tasks and to generate nanosafety guidelines and recommendations tailored for each processes. A nano
measurement campaign was performed at the powder production pilot scale. Another is planned at the powder
production industrial scale.
EHS recommendations are given to the partners according to the STOP (Substitution, Technical,
Organisational and Personal) principle summarized in the following table:
Substitution

Technical

Organisational

Pilot powder
process
Pilot coating
process

Personal protection
The half mask used should
be equipped with P3 filters.

Automatize the manual
feeding or installspecific
CPE such asPouyes ring.

A dust measurement
campaign could be perform
on the satellite tasks.
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Industrial
powder
process

Industrial
coating
process

All

Dustiness study helps to
select the less emissive
powders.

Technical advices will be
given after the
measurement campaign.
Indeed this preliminary
assessment has not
sufficiently discriminatethe
tasks.

A
measurement
campaign will be
performed in the frame of
Wearend to refine the
priorities.

A dedicated local exhaust
should be studied for
emptying andcleaning the
spray booth.

A dust measurement
For emptying and cleaning
campaign could be perform the spray booth workers
for the cleaning and
should wear nonwoven lab
maintenance taskswhen the coat, double pair of gloves,
CPE are in degraded mode. P3 respiratory
mask
(TH3P, TM3P…).

The risks related to
nanoforms should be
assessed and integratedin
the global risk assessment.
When
installing a
Regulatory
watch
collective
should
be
performed
and
protective
maintained
for
the
nanoequipment
the
specific local regulations
9
related to occupational
ventilation
principlesshould health, safety and
environmental issue.
be followed.
The waste disposal for
Spray booth: The air must nanomaterials should be
studied with the waste
be renewed 3 to 5 times
depending on the level of collector
Workers should be trained
pollution in the room
before theemployee returns so that they safely handled
this kind of materials.
to the booth.
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Background, Motivation and Objective
The abiotic (chemical) transformation of nanomaterials has been recognized as one of the major processes
NM undergo in the environment. Abiotic transformation can lead to a change in composition, mineralogy,
surface properties and/or morphology which all can alter the environmental behavior, biological uptake and
toxicological profile of the NM. This has led to the conclusion that information on the abiotic transformation is
required for the risk assessment of NM and that an OECD guidance document (GD) or/and technical guideline
(TG) would support NM risk assessment. The development has started in 2019 in project 3.16 under the test
Guidelines Program: Guidance Document Environmental abiotic Transformation of Nanomaterials.
Contribution to the Test Methods Development program
The myriad of possible NM transformations which can occur, emerging from various NM, different nanoforms
and the high variability and complexity of water chemistry, cannot by fully covered by a test system.
Therefore, and following the principles of OECD TG 318 a set of major transformation pathways and most
commonly encountered water chemistries of surface waters have been identified. To best mimic natural
conditions an experimental set-up to obtain high liquid to solid ratios has been designed and tested. Suitable,
still affordable and available analytical approaches have been selected and tested against reference methods
like synchrotron based x-ray spectroscopy. Outcomes of these studies form the basis of an OECD guidance
document draft which also feeds into a new project destined to prepare a technical guideline.
The poster is not primarily aimed at showing a lot of results but rather engage in discussion about the
proposed approaches. It will show the layout of the proposed test system for batch experiments, the rationale
behind media selection and results from NM-on-grid experiments (TEM-EDX) and synchrotron studies.
These results led to a refined test-design for continuous flow experiments that will be further developed. It is
the aim of the poster to stimulate discussions about two central aspects: the appropriate (quantitative)
endpoint of those experiments and the proposed continuous flow experimental set-up
Funding & support information
Funding was provided by EU H2020 project Gov4Nano under the Grant Agreement (GA) No: 814401. We
received support from SOLEIL (France) at the SAMBA bending-magnet beamline and the European
Synchrotron Radiation Facility (ESRF, France) at the FAME bending-magnet beamline. The EU H2020 project
NanoHarmony has provided support by the organization of two OECD related workshops in which the
methodology could be discussed with experts
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Optimizing the immunologic profile of silica nanoparticles by surface functionalization
while retaining its biopharmaceutical carrier function
Implementing instance maps and SOPs for nanomedical innovation
Benjamin Punz 1, Litty Johnson 1, Mark Geppert 1, Hieu-Hoa Dang 1, Thomas Exner 2, Jutta Horejs-Hoeck 1, Albert
Duschl 1, and Martin Himly 1
1
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2
Seven Past Nine, Cerknica, Slovenia
Background, Motivation and Objective
Generally regarded as safe silica nanoparticles represent an attractive platform for use as nanomedical carriers
when loaded with biopharmaceuticals. Surface functionalization by different chemistries helps modifying
protein loading and may have an impact on uptake of biopharmaceuticals into the targeted tissues or cells.
However, also the immunologic profile of the carrier system may be altered upon surface modification raising
safety concerns or opening new therapeutic options to prevent adverse effects, novel carrier candidates have
to undergo extensive safety testing in their pre-clinical developmental stage.
This study focuses on characterizing the mode of activation and modulation of the human immune response by
investigating human monocyte-derived dendritic cells as model for antigen-presenting cells (APCs).
Furthermore, the concept of using instance maps for study design was applied and evaluated for its capacity to
assist in standardization of experimental workflows in nanomedical innovation.

Statement of Contribution/Methods
We synthesized monodispersed silica nanoparticles by the Stöber method and chemically functionalized them
to obtain different surface properties with a negative charge using meldrum’s acid and a positive charge using
3-aminopropyltriethoxysilane. Comparing different charge states allowed us to tailor the binding capacity of
the nanocarrier system. Monitoring potential contamination with the endotoxin lipopolysaccharide was
conducted by applying monocyte activation test and NF-kB reporter assay involving highly LPS-sensitive HEK293
cells overexpressing TLR4, MD-2 and CD14. Physicochemical characterization of the functionalized SiNPs
included TEM, NTA, and DLS measurements determining their primary and hydrodynamic sizes, zeta potential,
and polydispersity index. SiNPs were then non-covalently coupled with highly purified, endotoxin-free
recombinant major birch pollen allergen Bet v 1 representing our model biopharmaceutic and more detailed
immunological testing was performed. To determine the binding efficiency of the allergen to the differently
surface-functionalized SiNPs, SDS-PAGE and BCA assays were performed. Particle sedimentation was controlled
using the silicomolybdic assay. Further, we employed human monocyte-derived dendritic cells (as model APCs)
to investigate their APC maturation potential, by addressing cytokine secretion, when stimulating with allergen
alone vs. allergen-SiNP conjugates. Moreover, costimulatory molecule expression, uptake and inhibition of
endocytosis mechanisms in APCs were determined using flow cytometry.
For displaying the entire experimental workflow in a well-structured manner we employed the NanoCommons
Instance Maps and Electronic Lab Notebooks tools. The visualization of the procedures and methods, thus,
appears in an alternative and simplified way enabling a direct link of data and metadata with protocols, hence
establishing well-standardized project management.
Results/Discussion
All the differently functionalized silica nanoparticles displayed adequate safety profiles in terms of viability of
APCs. Enhanced uptake was noticed, irrespective of the functionalization of the particles, as evidenced by the
delivered dose of the biopharmaceutical agent. While non-functionalized and meldrum’s acid-functionalized
SiNPs showed significantly higher uptake (compared to biopharmaceutical only), we found a better
immunosafety profile of meldrum’s acid-functionalized SiNPs. The maturation state of APCs, indicating
activation versus inertness of the particles, qualified surface functionalization as an effective instrument for
optimizing the immune response of silica nanoparticles. Implementing the schematic structure of an instance
map for the present experimental workflow and annotating the respective SOPs into it proved highly useful for
promoting quality assurance even at the basic research level.
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In conclusion, this study suggests that surface functionalized silica nanoparticles could be a suitable,
immunologically inert vehicle for the efficient delivery of biopharmaceutical products.
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Background, Motivation and Objective
Misuse and overuse of antibiotics has led to the rapid emergence of bacterial resistance to antibiotics following
their introduction.1 As a result, we are entering the so-called “post-antibiotic era” in which some bacterial
infections risk becoming untreatable as they were in the past. Current antibiotics cannot treat all known
resistant bacterial infections, so there is a need for new antibiotics that should ideally target cellular pathways
that microbes cannot readily modify. However, the number of newly developed antibiotics has decreased
steadily over the last three decades and there is now a lack of effective treatment options for multidrug resistant
infections. Because new antibiotics seem unlikely to provide a way of quickly overcoming bacterial resistance
in the near future, we need alternative ways of overcoming bacterial resistance.
A very promising option is combination therapy, in which traditional antibiotics are combined with other
substances that enhance their effectiveness. Inorganic nanoparticles (NPs) of materials such as silver, TiO2, ZnO,
or graphene may be appropriate for this purpose; they exhibit strong antibacterial activity at very low
concentrations (in the ppm range) and show no cytotoxicity towards various mammalian cell lines (human skin
fibroblasts BJ or mouse embryonic fibroblast NIH/3T3 cell lines).2-4 Since antibiotics and nanoparticles have
different modes of action, a combined treatment using low doses of both agent types could be highly effective.
Therefore, we investigate the synergistic antibacterial effects resulting from combining a silver-based
nanomaterials with inactive antibiotics having different modes of action against bacteria with different
resistance mechanisms. The objective was to find the combinations of antibiotics and the silver nanomaterials
exhibiting the greatest activity against the resistant strains and to thereby identify effective ways of overcoming
bacterial resistance for individual antibiotics against particular resistant bacteria based on their mode of action
and mechanism of resistance, respectively.
Synthesis of silver-based nanomaterials
Silver NPs were synthesized according to the previously published Tollens process that involves reduction of the
complex cation [Ag(NH3)2]+ by D–maltose in alkaline media.4 GCN/Ag was synthesized by chemical reduction of
a precursor material, where silver cations from AgNO3 were coordinated on the GCN sheet under vigorous
stirring for 24 hours at room temperature. The resulting dispersion of Ag+-modified GCN was purified by washing
with distilled water to remove silver ions not firmly coordinated on the GCN flakes. Chemical reduction was
then initiated by adding NaBH4 solution to the dispersion, which was then kept in darkness for one hour.5
Determination of synergetic effects of antibiotics and silver-based nanomaterials
A standard checkerboard microdilution method was used to determine the minimum inhibitory concentration
(MIC) of the silver NPs and GCN/Ag nanohybrid and each antibiotic gentamicin (GEN), ceftazidime (CTZ), and
ciprofloxacin (CIP) by themselves and the MICs of different concentrations of nanoparticles in combination with
different concentrations of antibiotics. To determine the enhancement of antibacterial activity resulting from
combined treatment with nanoparticles and the studied antibiotics, 96-well microtitration plates were filled
with vertically diluted antibiotics and horizontally diluted GCN/Ag in MH broth. For each antimicrobial assay, a
fresh bacterial suspension of ESBL–positive Escherichia coli (for test with silver NPs) and Escherichia coli CE5556
(for test with GCN/Ag) was added at starting concentration of 106 CFU. Antibacterial activity was assessed
according to standard testing protocols (CLSI, EUCAST) and the MIC was determined as the lowest concentration
of antibacterial agent that visibly inhibited bacterial growth after 24 h incubation at 35 °C.
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The fractional inhibitory concentration (FIC) index was calculated using the following equation:
𝑀𝐼𝐶𝐴𝑔 𝑖𝑛 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑀𝐼𝐶𝐴𝑇𝐵 𝑖𝑛 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛
FIC =
+
𝑀𝐼𝐶𝐴𝑔 𝑎𝑙𝑜𝑛𝑒
𝑀𝐼𝐶𝐴𝑇𝐵 𝑎𝑙𝑜𝑛𝑒
Results are reported as average FIC values (calculations shown in SI); antibacterial effects are classified as
synergistic (FIC ≤ 0,5), partially synergetic (0,5 ˂FIC ≤ 1), additive (FIC=1), indifferent (1 ˂ FIC ˂ 4), or antagonistic
(FIC ≥ 4)
Results
In the case of silver NPs, an increase in antibacterial activity and a high synergistic effect was observed for
combinations with all tested antibiotics. The combination of silver NPs with CIP showed the highest synergistic
effect with an average FIC index value equal to 0.22. In the case of the combination of silver NPs with CTZ, an
average FIC index of 0.36 was obtained confirming a strong synergistic effect. A partially synergistic effect with
an average FIC index value of 0.5 was demonstrated in the case of the combination of silver NPs with GEN.4
In the case of GCN/Ag, enhanced (i.e., synergistic or partially synergetic) antibacterial effects against resistant
E. coli were observed for the combinations of GCN/Ag with GEN, CTZ, and CIP. The strongest synergistic effect
and enhancement of activity against E. coli was observed for gentamicin with GCN/Ag: this pairing yielded the
average FIC (0.39). Partial synergy (FIC 0.54) was also observed for the combination of ceftazidime with GCN/Ag
when used against E. coli. The enhancement in this case was weaker than for gentamicin, but even so,
combining ceftazidime with the nanohybrid made it possible to achieve an MIC below the susceptibility
breakpoint; the MIC of ceftazidime was reduced from 32 mg/L to 1 mg/L when applied together with 0.844
mg/L GCN/Ag. The final antibiotic tested against E. coli was ciprofloxacin, which exhibited an additive effect (FIC
= 1.00) when combined with the GCN/Ag nanohybrid, suggesting an indifferent effect without significant
enhancement of activity.6
Given their very low concentrations, the tested silver-based nanomaterials are harmless in that they have no
cytotoxic effects on mammalian cells, as confirmed by the cytotoxic study using NIH/3T3 cell lines. SilverNPs–
antibiotics combinations showing strong bactericidal activity at concentrations of 4 mg/L and 2 mg/L,
respectively, showed no cytotoxic effect on the mammalian cell lines compared to control cells. The viability of
mammalian cells treated with silver-based nanomaterials and antibiotics alone decreased slightly to 97% and
98%, respectively, compared to control cells, suggesting no significant cytotoxic effect. When antibiotics were
combined with nanoparticles at identical concentrations (4 mg/L and 2 mg/L, respectively), the viability of the
mammalian cells decreased slightly from 98% to 95% compared to control cells, depending on the antibiotic
used.4,6
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Background, Motivation and Objective
The COVID-19 pandemic has increased the demand for producing efficient materials against microbes and
viruses, including protective clothing and facemasks. Additionally, the costs related to nosocomial infections
push industries to develop antibacterial materials with high efficiency and low cost. In particular, microbial
resistance to antibiotics is an important problem that draws attention towards antibacterial nano-products. On
the other hand, the release of nanoparticles from goods and during manufacturing is a matter of concern from
an environmental and human health point of view.
In the present work, in response to the battle against SARS-CoV-2, an eco-friendly process is used to produce
highly concentrated suspensions of silver nanoparticles (AgNPs) applied on textiles with antiviral and
antibacterial properties suitable for the engineering of facemasks and protective textiles.
Statement of Contribution/Methods
Silver nanoparticles were synthesized in water at room temperature from AgNO3 by means of hydroxyethyl
cellulose (HEC) according to the patented procedure (Patent WO 2016125070). AgHEC/PVA solutions were
produced using poly(vinyl alcohol) (PVA) dissolved in hot water at 1 wt/vol %. When the PVA solution was
cooled down, AgHEC NPs water dispersion at a concentration of 0.1 wt% was added at a volume ratio 1:1
under stirring. AgHEC/PVA solutions were sprayed on three different types of fabrics: a) polypropylene
spunbonded non-woven (PPNW); b) polyamide fabric (PA 6,6); c) polyethylene terephthalate fabric (PET).
Results/Discussion
For testing the antiviral activity of AgHEC-coated fabrics, the virus SARS-CoV-2 inoculum was put on the
specimen (ISO 18184 protocol). The Ag-containing fabrics showed an antiviral activity of ~33 % compared with
the untreated substrates (without Ag). The Ag-containing fabrics showed a strong antibacterial activity with a
bacterial reduction of 100% against Escherichia coli (Gram negative). Antibacterial tests were also performed
after abrasion and washing.
AgHEC/PVA solutions were applied to fabrics by spray producing a stable coating with antiviral and
antibacterial properties. Antibacterial tests were performed after abrasion and washing. These results,
comparable to our previous ones obtained on nanofibers coated filter media [M. Blosi, A.L. Costa, S. Ortelli,
F. Belosi, F. Ravegnani, A. Varesano, C. Tonetti, C. Vineis, J. Applied Polymer Sci,138, e51380, 2021], further
confirmed the strong adhesion of AgHEC NPs to fabrics, leading to efficient antimicrobial activity.
Funding information This work has received funding from the European Union’s Horizon 2020 Research and
Innovation Programme under Grant Agreement No. 862444 (ASINA – Anticipating Safety Issues at the Design
Stage ofNAno Product Development).
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Background, Motivation and Objective
Diabetes is a metabolic disorder characterized by hyperglycemia and affecting more than 460 million people
worldwide. Uncontrolled diabetes can lead to secondary complications such as non-healing diabetic foot ulcers
(DFUs) due to ischemia and peripheral neuropathy. Non-healing DFUs can worsen to gangrenes and may require
partial or complete amputations, burdening the healthcare system with billions of dollars annually. DFUs are
caused, in part, by the deficiency in growth factors (GFs) implicated in keratinocytes and fibroblasts
proliferation, migration, and extracellular matrix deposition. The deficiency in GFs such as connective tissue
growth factor (CTGF) and insulin-like growth factor (IGF-I) disrupts and delays efficient and complete wound
healing. Herein, we report the development of novel double emulsion alginate (Alg) and alginate sulfate
(AlgSulf2.0)/polycaprolactone (PCL) nanoparticles (NPs) for the controlled delivery of heparin-binding GFs, CTGF
and IGF-I, to promote accelerated wound healing.
Statement of Contribution/Methods
The NPs physicochemical properties, GFs encapsulation efficiency and release profiles, cytocompatibility, and
wound healing activity were assessed in immortalized human keratinocytes (HaCaT) and primary human skin
fibroblasts (HSF).
Results/Discussion
The synthesized NPs had a spherical morphology with an average hydrodynamic size of 214.46 ± 26.94 nm, a
polydispersity index of 0.099 ± 0.054, and an average surface charge of -16.86 ± 5.52 mV. Both Alg and
AlgSulf2.0/PCL NPs showed high encapsulation efficiency of IGF-I (99.7 % vs 99.62 %) with a low burst release
(9.053 % vs 7.934 %) and a slow sustained release over 35 days in vitro (84.86 ± 9.89 % vs 75.57 ± 11.77 %).
Moreover, treatment of HaCaT cells with Alg/PCL and AlgSulf2.0/PCL NPs did not show any toxicity when used
at concentrations ≥ 50 µg/ml for 72 h, as evidenced by MTT assay. Finally, we found that HaCaT and HSF cells
treated with Alg and AlgSulf2.0/PCL NPs loaded with 5 µg/ml CTGF respectively, induced rapid wound closure
due to cell proliferation and migration.
Double-emulsion polymeric NPs based on Alg or AlgSulf2.0 are promising novel drug delivery systems for the
safe and controlled delivery of heparin-binding GFs. They can efficiently promote accelerated diabetic wound
healing in human skin cells and fibroblasts and can be further applied for the delivery of other heparin-binding
GFs for the treatment of various diseases.

Funding information
This research is funded by the American University of Beirut medical practice plan (MPP) grant.
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Background, Motivation and Objective
Life Cycle Assessment (LCA) calculations of products containing nanomaterials are limited in their
comprehensiveness by the lack of characterization factors linking nanomaterial emissions to their impacts on
human health. This is mainly due to the scarcity of animal toxicological data compared to the number of existing
nanomaterials, a constraint that could be lifted if in vivo data could be substituted by in vitro data to calculate
nanomaterials' effect factors (EF).
To support a future animal-independent LCA methodology, we present a step-by-step procedure to calculate in
vitro-to-in vivo extrapolation factors to estimate human Benchmark Doses and subsequently in vitro-based EFs
for inhaled non-soluble nanomaterials. Titanium dioxide, amorphous silica, cerium oxide and crystalline silica
are presented as case studies.
Statement of Contribution/Methods
Data about the in vivo and in vitro (using human and animal cells) inflammogenity of the selected nanomaterials
were collected from the literature.
The calculation approach comprised multiple steps (Figure 1): the calculation of the deposited amount of
particles per area, the conversion to surface area doses, the calculation of Benchmark Doses, and the
comparison of animal in vitro BMD and in vivo BMD values. Based on the parallelogram approach the in vitroto-in vivo extrapolation factors are calculated as the ratio between the animal BMD and animal in vitro BMD.
This factor was then used to estimate human BMD from in vitro data using human cells. Last, the human BMD
values were converted to intake doses considering multiple exposure scenarios, and existing extrapolation
factors were integrated to calculate the chronic human EFs from the in vitro data.
Results/Discussion
Based on mouse data, the in vitro-based EF of TiO2 is between 2.76*10-4 and 1.10*10-3 cases/(m2/g *kg intake),
depending on the aerodynamic size of the particle, which is in good agreement with in vivo-based EFs (1.51*104
- 5.6*10-2 cases/(m2/g *kg intake)). The EF for amorphous silica is in a similar range as for TiO2, but the result
is less robust due to only few in vivo data available. The results based on rat data are very different, confirming
the importance of selecting animal species representative of human responses. The discrepancy between in
vivo and animal in vitro data in terms of availability and quality limits the coverage of further nanomaterials.
Systematic testing on human and animal cells is needed to reduce the variability in toxicological response
determined by the differences in experimental conditions, thus helping improve the predictivity of in vitro-toin vivo extrapolation factors. While the work focused on LCA, the procedure can be easily adapted for risk
assessment as well, thus increasing the relevance of our findings.
Funding information
This research is part of the project NANORIGO, which has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement nº814530.
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Figure 1: The five steps for the calculation of in vitro-based human EFs.(1) Collection of in vivo and in vitro (from animal
and human cells) data; (2) calculation of the deposited and retained dose per cm 2 of cell culture or lung corresponding to
the in vitro and in vivo doses; (3) Calculation of the BMD20 from the dose-response curves; (4) Derivation of the in vitro-toin vivo extrapolation factors based on the ratio between animal and animal in vitro BMD 20 values, and (4.1) use of the
extrapolation factors to calculate the human BMD 20 from the human in vitro BMD20; (5) Calculation of the in vitro-based
EF following the traditional extrapolation procedure.
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Background, Motivation and Objective
Micro- and nanoplastic particles (MNPs) are widely present in different environmental and biological matrices
due to the frequent use of plastics and inefficient waste management (1). MNPs have recently also been found
in human blood (2). One of main concerns for hazardous health effects of MNPs is their potential to adsorb
various pollutants (3). This research is focused on polystyrene MNPs and their mixture with paracetamol and
ibuprofen, drugs that have endocrine disrupting activity (4,5). Due to their frequent and wide use, they are
present in different water bodies, including drinking water, and may easily come in contact with MNPs forming
complex mixtures. The aim of our study was to investigate effects of such complex mixtures on modulation of
estrogen receptor (ER) activity using in vitro model of human breast tissue.
Statement of Contribution/Methods
Polystyrene MNPs and their mixtures with paracetamol and ibuprofen were used as model system. Their ER
activity was evaluated using T47D-KBluc cell line. This cell line is stably transfected with a triplet ERE (estrogenresponsive elements)-promoter-luciferase reporter gene construct and therefore can be used to screen
chemicals for estrogenic and anti-estrogenic effects. After the 48 hour treatment, cells were lysed with Cell
Culture Lysis Reagent (Promega, USA), ER activity was assessed using Luciferase Assay System (Promega, USA)
and luminescence was measured on SpectraMax iD3 (Molecular devices, USA). Concentrations used in
treatment of cells were chosen based on environmentally relevant data. Prior to the luciferase assay, effects on
cell viability of individual components were tested using MTS assay and Annexin V/Propidium Iodide Apoptosis
Assay.
Results/Discussion
Preliminary results showed that MNPs and tested pharmaceuticals have agonistic activity on ER that is less
prominent than activity of 17β-estradiol and diethylstilbestrol. Observed agonistic activity was more
pronounced when cells were treated with mixtures containing various combinations of drugs and MNPs
compared to individual components. This agonistic activity towards ER could lead to development and/or
progression of ER positive breast cancers (about 80% of breast cancers are ER positive). Results from this study
will increase body evidence on the health-related effects of complex mixtures on physiological and
pathophysiological processes mediated through estrogen receptor activity, which is extremely important
considering the abundance of MNPs in environment and frequent use of pharmaceuticals.
Funding information
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Background, Motivation and Objective
The blood-brain barrier (BBB) protects the brain from toxic substances but also blocks the entry of many drugs
into brain. Thus, brain specific drug delivery is one of the most challenging areas of research, such as therapy
for Parkinson's disease.1 This research aimed to develop more efficient drug delivery system for Parkinson's
disease based on selenium nanoparticles (SeNPs). SeNPs display lot of features that make them suitable for
drug delivery system as simple preparation, antioxidant activity and neuroprotective effects.2 We prepared
SeNPs functionalized with polyvinylpyrrolidone (PVP) and polysorbate 20 (Tween 20) and tested their delivery
efficacy using L-3,4-diydroxyphenylalanine (L-dopa) as model drug.
Statement of Contribution/Methods
Evaluation of SeNPs efficacy to enhance L-dopa permeability across BBB was carried out using parallel artificial
membrane permeability assay (PAMPA) and in vitro cellular BBB model based on brain endothelial cell line
hBEC-5i cultured on permeable membrane of transwell insert.
Two different SeNPs types were prepared by reduction of sodium selenite and subsequent functionalization
with PVP and Tween 20, following physico-chemical characterization by dynamic and electrophoretic light
scattering (DLS and ELS), transmission electron microscopy (TEM) and UV-Vis spectroscopy. Permeability of
SeNPs and L-dopa-loaded SeNPs was tested for both PAMPA and cellular BBB assay by analyzing the
concentration of Se and L-dopa in all compartments (i.e. donor plates, cells, and acceptor plates). Total Se
concentrations was analyzed using Graphite Furnace Atomic Absorption Spectroscopy (GFAAS), while L-dopa
concentration was determined by commercial ELISA assay.
Results/Discussion
Obtained results showed that both SeNPs types pass through BBB, but in vitro assays used in this study are not
suitable for evaluating BBB permeability of SeNPs due to their sticky properties. More than 80% of total SeNPs
stayed either trapped by gelatin layer or adsorbed on transwell membranes. Further adoption of in vitro
permeability assays is required for SeNPs and nanomaterials with similar properties.
Funding information
This study was financially supported by the “Research Cooperability” Program of the Croatian Science
Foundation funded by the European Union from the European Social Fund under the Operational Programme
Efficient Human Resources 2014−2020 (grant HRZZ-PZS-2019-02-4323)..
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Background, Motivation and Objective
ENMs are highly affected by their surroundings, transforming chemically, agglomerating, and/or acquiring an
evolving coating of or biological macromolecules; these processes may give ENMs a new identity, distinct from
their initial “synthetic” one, which may compromise detection and tracing of their transformation products. The
transformation process determines their subsequent biological behaviour and effects. Our objectives are to
elucidate the link between the biotransformation of nanomaterials and their neuotoxicity.
Statement of Contribution/Methods
I am the leading authors in these works. We used synchrotron based XAFS technique combined with multiple
omics techniques.
Results/Discussion
Previous studies indicate that exposure to zinc oxide nanoparticles (ZnO NPs) may potentially cause brain
damage in mammals; however, the mechanism remains unclear. In particular, their effect on brain energy
metabolism, which is essential for maintaining brain function, is unknown. We demonstrate that intranasal
exposure to ZnO NPs causes a decrease in the relative brain weight of rats and induces structural and
pathological changes in the brain. Multiomics data consistently demonstrate the alteration of energy
metabolism in the brain, including upregulated glycolysis, a downregulated tricarboxylic acid cycle, and
oxidative phosphorylation, as well as downregulated fatty acid β-oxidation, an alternative pathway for an
energy supply. As a result, the adenosine triphosphate (ATP) levels in the brain are depressed. ZnSO4 exposure
results in similar Zn accumulation, identical Zn chemical species, and similar patterns of effects on the brain
compared to ZnO NPs, suggesting that the effects observed in the ZnO NP group are mainly caused by the
biotransformation induced release of Zn2+. This study provides the first in vivo evidence for compromised brain
energy metabolism induced by ZnO NPs which is highly associated with the biotransformation of nanomaterials.
Funding information
This work was financially supported by the National Natural Science Foundation of China (Grants 11405183,
11875267). Additional financial support from EU H2020 grant SABYDOMA (Grant no. H2020-NMBP-TO-IND2019-862296) and NanoSolveIT (Grant no. 814572) is appreciated.
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The rapid development of new nanomaterials (NMs) demands fast and reliable methods to assess their hazard
potential. In vitro methods represent excellent tools for the rapid screening of the toxicity of different types
of NMs, allowing grouping and read across and supporting decision making on NM safety. In the context of
Safe and Sustainable by Design (SSbD) strategies, the identification of simple, robust and cost-effective in vitro
models for hazard assessment of NMs is highly needed. Conventional submerged monotypic cell culture
models have been used extensively to study the toxicity of NMs; however, they may be inadequate for not
considering cell-cell interactions. On the other hand, co-cultures represent more realistic models allowing the
identification of mitigating or aggravating effects during NMs exposure. In this work, we compared the
sensitivity and reliability of monotype cultures (A549 cell line and THP-1 differentiated macrophages,
separately) with co-cultures combining these two cell models, in exposureto different SiO2 nanoparticles (NPs)
and microparticles (pyrogenic NM203 SiO2 NPs, colloidal SiO2 NPs and the crystalline DQ12 quartz SiO2
microparticles) and to lipopolysaccharide (LPS). Monotype cultures and co-cultures were exposed to 25, 50,
100 µg/mL of SiO2 particles and to 25, 50, 100 ng/mL of LPS for 24 hours, and after that, cell viability (MTT
assay) and inflammatory responses (TNFα, IL-6 and IL-8) wereassessed. Based on our results, the two models
showed different outcomes in exposure to the four compounds tested. According to the MTT assay, the two
types of SiO2 NPs induced similar responses in monotype cultures and co-cultures, however, in exposure to
DQ12 and LPS, monocultures were more sensitive than co-cultures. Based on the inflammatory responses,
TNFα was induced in THP-1 differentiated macrophages exposed to DQ12 and LPS, and in co-cultures exposed
to colloidal SiO2 NPs and LPS. While in monotype A549 cultures, only a slight increase was noticed after
exposure to pyrogenic and colloidal SiO2 NPs. IL-6 increased in A549 exposed to pyrogenicand colloidal SiO2
NPs and to DQ12. While in THP-1 differentiated macrophages, only LPS induced IL-6 levels. In co- cultures,
SiO2 particles and LPS induced high levels of IL-6 (4 to 10 times higher than in monotype cultures). IL-8 slightly
increased in THP-1 differentiated macrophages exposed to SiO2 particles and LPS and showed a high induction
in A549 exposed to the SiO2 particles. Thehigher induction of IL-8 was found in the co-cultures exposed to the
four compounds. Thus, inflammatory responses were generally higher in the co-culture system. In summary,
our results indicate that the complexity of the co-culture model shows enhanced biological responses over
the monotypic culture system and therefore could be considered better options for the risk assessment of
nanomaterials.
Funding information
This work was funded by the Horizon 2020 SAbyNA project (https://www.sabyna.eu/), grant agreement No
862419.
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Background, Motivation and Objective
Graphene materials can be regarded as challenging “difficult to test” 2D nanomaterials for aquatic toxicity
assessment. To protect the consumer/environment, current regulation relies on the use of existing standardized
tests that have not yet been evaluated for their suitability/applicability for the testing of this unique class of
nanomaterials. For instance, hazard classification of acute toxicity to the aquatic environment according to
Classification, Labelling and Packaging Regulation (Regulation (EC) No 1272/2008) is based on testing of the
specific endpoints of growth inhibition in algae/cyanobacteria, immobilization in Daphnia spp., and mortality in
fish using the standardized Organization for Economic Co-operation and Development (OECD) test guidelines
(TGs) TG 201, 202 and 203, respectively. Such a test battery can be seen as comprehensive and provides the
apical endpoints for hazard classification upon which regulation relies (e.g. for Classification, Labelling and
Packaging (CLP) hazard classification). The use of alternative standardized tests such as the OECD TG 236 fish
embryo acute toxicity (FET) test and the recently published OECD TG 249 fish cell line test can also be used in a
weight of evidence (WoE) and integrated approaches for testing and assessment (IATA) for environmental
hazard assessment. The extent to which these OECD tests have been and can be applied in approaches for
aquatic toxicity testing of graphene materials has been evaluated.
Statement of Contribution/Methods
Following a bibliographic revision, all existing data related to graphene material aquatic toxicity testing and the
specific OECD TG 201, 202, 203, 236 and 249 endpoints of growth inhibition in algae/cyanobacteria,
immobilisation in Daphnia spp., mortality in fish, fish embryo toxcity and cytotoxicity to fish cell lines,
respectively was collected. A critical analysis of the studies was performed in order to comment on the overall
hazard of graphene materials to the aquatic environment and the current state of testing approaches. Attention
was given to 1) if the aforementioned environmental related OECD test guidelines were used or followed, 2)
the specific experimental setups used and 3) if any graphene material-specific issues/peculiarities/interferences
were evidenced and reported during testing.
Results/Discussion The revision revealed that few studies to date have used the respective TGs for testing the
aquatic toxicity of graphene materials. In the experimental setups used there was often a lack of measurements
and/or assessments of maintenance of exposure concentrations (stability). This, together with frequent reports
of visual precipitates and aggregates resulting in the loss of the test material from the water column, brings into
question the reliability of the studies. Furthermore, graphene material specific peculiarities and interferences
with assay readouts were also evidenced, which highlights the need for preliminary assessments and (in some
cases) possible adaptations to test setups to ensure reliable data is generated when applying the TGs for testing
graphene materials. The greatest number of studies were performed using fish embryos (25 studies), which
constitutes as a source of valuable data for incorporation into a WoE approach to support hazard classification
of graphene material nanoforms. All of this information can be used to inform on how existing TGs can be
adopted for testing even “difficult to test” nanomaterials such as graphene material nanoforms and how
existing data can be used to support hazard classification.
Funding information: This project has received funding from the European Union’s Horizon 2020 research and
innovation programme Graphene Flagship GrapheneCore3 project under grant agreement No 881603
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Microfluidics devices
Biological assays have been shifting towards miniaturization increasing lab work efficiency and enabling highthroughput. Microfluidics have shown intrinsic ability to manipulate very small volumes of fluids in a variety of
integrated ways including sample processing, accurate control of fluids and delivery of results with a fast time.
In particular, the huge potential of microfluidics technology is expected to advance automated point-of-care
(POC) systems since low cost per analysis, portability and/or wearability is an important requirement1. The
translation of lab scale devices to Industry (and clinical studies) requires a large number of integrated
microfluidic devices, being relevant for the high-volume manufacturing methods for upscaling of such
microfluidic devices. Roll-to-roll (R2R) imprinting enables parallel and high-throughput generation of micro or
even nanostructures in various designs due to a production performed on flexible polymer foils and the
possibility of post-processing steps such as bio-functionalization, chip lamination and others2.
The Next Generation Microfluidics Open Innovation Test Bed (OITB) aims to offer customers a single-entry point
service catalog to a wide range of existing cutting-edge microfluidic technologies to accelerate the
demonstration of scientific breakthroughs towards a working prototype and beyond into mass manufacturing.
In the present work we present a preliminary assessment on Safety and Sustainability aspects related to next
generation microfluidic devices for diagnostics applications.

Roll-to-roll manufacturing process, a safe and sustainable process for massive device production
Five demo cases are being used for the Safety and Sustainability assessment, ranging from biosensor
development through molecular diagnostics and smart-phone-supported home diagnostic to pharmaceutical
tests and sensors for monitoring bioprocesses. All of them will optimize their biochemical and molecular assays
for the selected antigen detection prior to their upscaling process. For upscaling, the R2R manufacturing process
is being used.

Figure 1. Roll-to roll manufacturing process and some representative microfluidic devices.
1
2

Lab Chip, 2018,18, 1552-1559 DOI https://doi.org/10.1039/C8LC00269J
Lab Chip, 2020,20, 4106-4117 https://doi.org/10.1039/D0LC00751J
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The emergence of Nanotechnology-based microfluidic devices
Nanotechnology is used in a wide range of applications from Biomedical to Food and Environmental sectors. It
is also integrated in the development of new rapid, sensitive and ultrafast new biosensor developments due to
the nanomaterials role in enhancing signals, increasing surface properties and surface area for optical,
electrochemical and magnetic transducers. Additionally to the benefits that confered to the diagnostic field,
risks associated to the use of nanotechnology to next generation of devices should be taken into account. In
Figure 2, we present our first findings in safety and sustainability assessment of the five demo cases.

Figure 2. Safety and sustainability considerations of a biosensor and further microfluidic device integration.
Funding information
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Background, Motivation and Objective
The development of nanoscience and nanotechnology leads to increasing production of, and exposure to,
nanomaterials (NMs). Nanomaterials have shown great promise in a wide range of applications due to their
tunable physiochemical properties. However, their higher chemical and biological reactivity can causeunwanted
effects in humans and the environment. Aquatic environments are often at the receiving end of contaminants,
such as NMs, particularly from runoff sources. In humans, lung exposure, especially from an occupational
perspective, is one of the main concerns. There is a need to evaluate and compare the toxic effectsof NMs on
aquatic organisms and humans by using reliable and validated methods that are appropriate for nanotoxicity
testing. Label-free assays, such as impedance-based methods, are less prone to NM-caused interferences and
have shown promise as an alternative to colorimetric, fluorescence-and reagent-based methods.
Statement of Contribution/Methods
The continuous monitoring of adherent cells before and during exposure to NMs was done using the
xCELLigence system (Agilent, US), which is a real-time impedance-based cell-analyzer . Human lung cancer
epithelial cells (A549), rainbow trout gut (RTgut) cells, and 1-day old zebrafish embryo (ZF4) cells were seeded
on gold-plated electrodes at the bottom of the wells in e-plates and after 24 h were exposed to three types of
NMs at the following concentrations: 2, 10, 20, 50 and 100 µg/ml (corresponding to 1, 5, 10, 20 and 50 µg/cm2)
for 24 h. The NMs to which the cells were exposed were: copper oxide (CuO, PlasmaChem), multiwalled carbon
nanotubes (MWCNT, Nanocyl), and Tungsten carbide (WC-co, NanoArmor) NMs. In addition, the A549 cells
were exposed to zinc oxide (ZnO, Sigma-Aldrich) and two types of titanium oxide (TiO2, JRC and Sigma-Aldrich)
NMs. The cell proliferation, adherence and viability were monitored by impedance-based measurements. The
experiments were performed in triplicate and repeated at least three times. Standard operation procedures
(SOP) were developed for exposure and toxicity assessment. The statistical analyses were performed using oneway Anova Tukey post-hoc (p<0.05).
Results/Discussion
The cell proliferation and viability were expressed as cell index (CI). The CI was normalized at 24 h, which was
the time of exposure to the NMs.The fold-change vs. control results was plotted against time. For A549-cells,
CuO NMs were toxic at 10, 20, 50 and 100 µg/ml, ZnO at 50 and 100 µg/ml, while WC-co, MWCNT, TiO2 (JRC)
and TiO2 (Sigma-Aldrich) only at 100 ug/ml. For ZF4-cells, CuO and MWCNT were cytotoxic atall concentrations,
while WC-co were toxic at 2, 50 and 100 µg/ml. Reduced cell viability was seen in RTgut-cells after exposure to
MWCNT at 10 and 100 µg/ml and CuO at 100 µg/ml.
Conclusion
The most sensitive cell line to the tested particles was ZF4 and the least sensitive was the RTgut. Overall, CuOand
MWCNT NMs proved to be the most toxic, while WC-co NMs were the least toxic. Impedance-based real-time
monitoring is well suited as a first line cost- and time-efficient nanotoxicity screening method, whichhas the
advantage of being less prone to NM-induced interferences by being label-free.
Acknowledgments:
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Background, Motivation and Objective
The expanding field of nanotechnology has provided novel applications in many different areas including
medicine and dentistry due to the unique properties exhibited by nanoparticles (NPs). However, various types
of nanoparticles have been shown to generate reactive oxygen species (ROS), a known cause of oxidative stress,
and consequently toxicity. Conventional colorimetric and fluorescence-based methods used to evaluate
oxidative stress have been shown to suffer from NP-induced interferences. To address this problem, we hereby
propose label-free impedance-based and cyclic voltammetry-based (CV) methods. Additionally, we have also
evaluated the ROS production using fluorometry.
Statement of Contribution/Methods
The nanomaterials (NMs) used in this project are 20 nm and 50nm AgNPs, 5-10 µm x 50 nm Ag nanowires (NWs),
3.5 nm and 50 nm CeO2, 10 x 10 nm CeO2 stamps, 8 nm and 50 nm TiO2 and 140 x 40 nm TiO2 nanorods, all
synthetized by Applied Nanoparticles S. L. Concentrations used were 10, 20, 50 and 100 µg/ml. Cyclic
voltammetry was performed using a portable multiplexed potentiostat (PalmSens) along with disposable
screen-printed carbon/carbon/Ag electrodes to assess the NPs’ inherent redox properties, as well as their
oxidative capabilities. The CV of the NPs was performed in Hank’s Balanced Salt Solution (HBSS) at the
timepoints 0, 10 and 30 min with and without 250 µM L-Ascorbic acid (AA) by applying an electrical voltage
sweep and measuring the resulting current as electrons are transferred in a redox reaction. In addition, a labelfree bioimpedance analyzer (xCelligence, Agilent) and label-based fluorescence assay (CellROX reagent, Thermo
Scientific) were used to monitor proliferation/viability and ROS production, respectively, of lung cancer cells
(A549) exposed to the different NPs in the presence or not of AA and 2-phospho-AA. Cells were seeded for 24
hours at an initial density of 25000 cells/cm2 before being exposed to NPs for up to 24 h. Finally, images of
exposed cells were captured using transmission electron microscopy (TEM) to make a qualitative assessment
of NM uptake. The statistical analyses were performed using one-way ANOVA with Tukey Post-Hoc (significance
level, p<0.05)
Results/Discussion
We analyzed the voltammograms by the current peaks Ia of the anodic waves. Oxidative stress exerted by NPs
caused changes in the voltammograms, especially in the peak height. Over time, several NPs appeared to lower
the total antioxidant capacity of HBSS conditioned with AA, especially AgNWs, 3.5 nm CeO2, and 8 nm TiO2.
However, the differences were not statistically significant at the timepoints tested but may show significance
over longer incubation time.
The 3.5 nm CeO2, 50 nm CeO2, 8 nm TiO2 and 50 nm TiO2 have been assessed using fluorometry. Among these
particles, only 3.5 nm CeO2 showed an increase in ROS production compared to control. Regarding the viability
of A549 cells, exposure to AgNWs caused an abrupt and significant drop of viability at all concentrations tested
and addition of AA significantly ameliorated the cytotoxic effect of AgNW especially at the highest
concentrations. TiO2 of size 8 nm was innocuous at all concentrations tested without addition of AA.
Interestingly, addition of AA significantly increased the proliferation of A549 cells at concentrations ≥ 50 µg/ml.
AgNPs of size 20 nm and 50 nm and CeO2 stamps were slightly cytotoxic only at the highest concentration tested
(100 µg/ml) irrespective of AA presence in the culture media. Finally, TEM images revealed considerable
cytosolic uptake of all NPs, especially for 3.5nm CeO2 and CeO2 stamps. The label-free methods used in this
work emerge as promising candidates to assess the oxidative properties of NPs.
Funding information
Acknowledgements: This work was funded by the Research Council of Norway (NFR) project NanoBioReal
(288768), H2020 project RiskGONE (grant agreement number 814425) and UH Nett Vest.
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Development of vascular models to study the transport and effect of nanomaterials.
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Background, Motivation and Objective
Nanomaterials (NMs) offer superior optical, electrical, magnetic and physicochemical properties than their bulk,
large-size counterparts. It is therefore not surprising that in the last decade there has been a sharp increase in the
number of consumer products and pharmaceuticals containing NMs and this trend is expected to continue rising.
Therefore, it is essential to thoroughly understand how NMs interact with living organisms and what are the
possible toxic effects arising from this interaction. It is of particular interest to study NMs in the human circulatory
system since this is often the route of entry for intentional exposure (nanotherapeutics) and the route for
spreading in accidental exposure. Here, we developed label-free 2D and 3D vascular models to assess transport
and toxicity of NMs.
Statement of Contribution/Methods
Label-free electrical impedance spectroscopy (EIS) was used to assess the proliferation and viability of human
primary endothelial cells (HUVEC) and of a stable cell line (HULEC-5a) following exposure to different NMs. In
addition, EIS was used to monitor barrier function of endothelial monolayers exposed to NMs. Cells were
exposed for 24 h to different concentrations (0 – 100 µg/ml) of the following NMs: CeO2 (3.5 nm, 50 nm and10
x 10 nm stamps), TiO2 (8 nm, 50 nm and 140 x 40 nm rods) and Ag (20 nm, 50 nm and 5-10 µm x 50 nm
nanowires) all produced by Applied Nanoparticles. Additionally, we present the development of two organ- ona-chip models that include formation of 3D vascular networks. The models have been used to monitor transport
of pharmaceutical nanocarriers (100 nm liposomes and 50 nm mesoporous silica nanoparticles) across the
endothelial barrier.
Results/Discussion
Regarding the proliferation/viability of HUVEC and HULEC-5a, we observed concentration-dependent
cytotoxicity for all NMs tested, except 3.5 nm CeO2, which seemed innocuous. The 20 and 50 nm Ag
nanoparticles (NPs), 50 nm CeO2 NPs and 8 nm and 50 nm TiO2 NPs were significantly (p < 0.05) toxic at
concentrations ≥ 50 µg/ml (25 µg/cm2) when compared to control, while Ag nanowires and 10 nm x 10 nm CeO2
stamps were toxic at concentrations ≥ 10 µg/ml (5 µg/cm2). Concerning endothelial barrier function, we
observed increased barrier permeability within the first 30 min of exposure to 3.5 nm CeO2 NPs, CeO2 stamps
and Ag nanowires at concentrations as little as 2 µg/ml (1 µg/cm2). Importantly, cells were able to restore barrier
integrity when exposed to 2 and 10 µg/ml CeO2 NPs. All other concentrations and NMs tested gradually
diminished barrier integrity. We also show preliminary results of the development of multi-culture breastcancer-on-a-chip and microvasculature-on-a-chip models where bio-engineered 3D blood vessels are formed
within fibrin hydrogels. The HUVEC and HULEC-5a were able to form fully perfusable blood vessels when
cultured in fibrin gels. In addition, de novo formation of microvasculature was driven by co-culture of HULEC- 5a
with primary fibroblasts. Finally, we demonstrate that mesoporous silica nanoparticles are able to cross the
endothelial barrier towards the supportive hydrogel matrix, while liposomes tend to be retained within
endothelial cells. Taken together, Ag NMs were more cytotoxic than CeO2 and TiO2 NMs in 2D models, which
may be due to Ag+ ion release. Size and shape also played a role; high-aspect ratio NMs and stamps were more
toxic than spherical NPs. Silica NPs readily cross the endothelial barrier, while liposomes are retained.
Funding information
This work was funded by the Research Council of Norway project NanoBioReal (288768), H2020 project
RiskGONE (814425), EuroNanoMed3 project INNOCENT and EEA project TEPCAN.
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Assessment of nanoparticle-induced oxidative stress using cyclic voltammetry and
the convolution technique
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Background, Motivation and Objective
Nanoscience and nanotechnology have lately generated numerous applications in industry, medicine and
biology. Produced with increasingly fit for purpose characteristics, nanoparticles (NPs) provide significant
benefits, but may also cause undesired effects on humans and the environment. The generation of reactive
oxygen species (ROS) are a known source of toxicity. Label-free, non-intrusive Cyclic Voltammetry (CV) is gaining
popularity in the evaluation of oxidative stress. To assess the NP-induced oxidative stress by CV measurements,
the accurate determination of the antioxidant consumed in the redox process is required. This depends on the
dynamic characteristics of the measuring system at the medium-electrode interface represented by the
uncompensated resistance Ru and the differential capacitance of the double layer Cd. The aim of this work was
to demonstrate the use of the convolution technique to assess the NP-induced oxidative stress.
Statement of Contribution/Methods
The NPs used in experiments were 20 nm and 50 nm Ag nanoparticles (AgNPs), 5-10 µm x 50 nm Ag nanowires
(AgNWs), 3,5nm and 50 nm CeO2, 10 x 10 nm CeO2 stamps, 8 nm and 50 nm TiO2 and 140 x 40 nm TiO2 nanorods
(NRs) (Applied Nanoparticles), at concentrations of 10, 20, 50 and 100 µg/ml. As positive control, 0,5mM 2,2diphenyl-1-picrylhydrazyl (DPPH) dissolved in complete growth medium was used, which is a known oxidative
stress inducer. Cyclic voltammetry was performed using a portable multiplexed potentiostat (PalmSens) along
with disposable screen-printed carbon/carbon/Ag electrodes to assess the NPs’ inherent redox properties, as
well as their oxidative capabilities. The CV was performed at 0,10 and 30 min using NPs immersed in Hank’s
Balanced Salt Solution (HBSS) with and without 250 µM L-Ascorbic acid (AA) by applying an electrical voltage
sweep and measuring the resulting current as electrons are transferred in a redox reaction.
The electrical characteristics at the medium-electrode interface represented by Ru and Cd were evaluated.
Further, the convolution technique was used to process the CV measurements in order to assess the NPs’ redox
properties in the presence and absence of AA.
Results/Discussion
Oxidative stress induced by ROS from the NPs caused changes in the voltammograms, which were evaluated
and analyzed by the convolution technique. Over time, several NPs appeared to lower the total antioxidant
capacity of HBSS conditioned with AA, especially AgNWs, 3.5 nm CeO2, and 8 nm TiO2.
Funding information
Acknowledgements: The Research Council of Norway (NFR) project NanoBioReal (288768), H2020 project
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Assessing the mechanisms associated with the potential genotoxic effects of
industrially-relevant multi-component nanomaterials: A comprehensive literature
review and in vitro lung cell interactions
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Background, Motivation and Objective
The uncertainty concerning the inevitable exposure and overall safety of newly-emerging advanced multicomponent nanomaterials (MCNMs) and high aspect ratio nanoparticles (HARN) has raised further questions
as to their potential to cause genotoxicity. The first aim of this study, therefore, was to determine the gaps in
the literature regarding the current understanding of the potential mechanisms of genotoxicity caused by
MCNMs and HARN. Subsequently, building upon this knowledge, the intention is to gain an insight into the
mechanistic (geno)toxic effects of pulmonary exposures of industrially-relevant nanomaterials using a number
of biochemical endpoint assays and analytical microscopy methods.
Statement of Contribution/Methods
The literature search was conducted using a PubMed keyword search, including ‘genotoxicity’, ‘advanced
(nano)materials’, and ‘inhalation’. Both review articles and research articles, published between 2011-2021,
were collected. Data regarding the nanomaterial (NM) characterisation methods, type of model used (i.e., in
vivo or in vitro), NM concentration, exposure duration, genotoxicity method, and other toxicity measures was
extracted for analysis.
Human alveolar epithelial type II (A549) cells were seeded onto permeable transwell inserts at 2.5 x 105
cells/well. The monocultures were exposed to Carbon Black (Printex 90), LaCo0.5Ni0.5O3 and
LaCo0.475Ni0.475Pt0.05O3 (Perovskites), ZnFe2O4 (NRCWE-21) and NiFe2O4 (NRCWE-22) at the air liquid
interface (ALI), through aerosolization using the VitroCell® Cloud2 system at human exposure-relevant
concentrations (390, 780 and 3100 ng/cm2). After 24h exposure, the cultures were assessed for cytotoxicity,
inflammatory markers (using ELISA – IL-6, IL-8, IL-1β) and cell membrane integrity (Blue Dextran), as well as
genotoxicological assessment using the cytokinesis block micronucleus (CBMN) assay and COMET assay (single
cell gel electrophoresis). PCR was used to assess the influence of nanomaterial exposure on genes relating to
oxidative stress (HMOX1, SOD2, GSH depletion). Additionally, confocal and electron microscopy techniques
were used to visualise the cellular and particle morphology post-(cellular) deposition.
Results/Discussion
177 original research articles were included. Initial analysis of collected literature shows that the most
commonly investigated advanced (nano)materials were metal oxide and HARN. The data also indicates a lack
of consistency between studies in terms of tested nanomaterial concentration and exposure duration.
Preliminary laboratory results have been obtained for Carbon Black (CB), LaCo0.5Ni0.5O3,
LaCo0.475Ni0.475Pt0.05O3, ZnFe2O4 and NiFe2O4 MCNMs. Initial data indicate that A549 membrane integrity
was not affected by exposure to CB. IL-8 secretion was relatively unaffected by CB exposure, and IL-6 levels
showed a dose-dependent decrease, although there was no significant difference between doses. Initial Mn
data shows no difference between the micronucleus frequency in CB treated and control cultures. Future
investigations will focus on assessing a further series of MCNMs and HARN using an A549 and differentiated
THP-1 (macrophage) co-culture model in order to elucidate the mechanistic (geno)toxicology of these advanced
materials.
Funding information
This project was funded by the European Union’s Horizon 2020 research and innovation programme under
grant agreement No. 953183 (HARMLESS).
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Use of lung deposition modelling and dissolution behavior to assist on the selection
of nanomaterial testing concentrations for in vitro assays. Ana Candalija (LEITAT
Technological Center)
Ana Candalija1, Rafael Ayerbe1, Rossella Daniela Bengalli2, Paride Mantecca2, Joan Cabellos1
Maurizio Gualtieri2,
1
LEITAT Technological Center, Barcelona, Spain
2
University of Milano Bicocca, Dept. of Earth and Environmental Sciences, Milan, Italy
Background, Motivation and Objective
The EU-project ASINA aims to support the fast industrial uptake of nanotechnology by providing Safe and
Sustainable-by-design solutions (SSbD) of Nano-Enabled Products (NEPs). The ASINA project expands a datadriven Management Methodology (ASINA-SMM) capturing quality, safety, and sustainability criteria across the
NEPs’ life cycle. A key dimension of SSbD principles, involves the prediction of potential hazard concerns related
to the human exposure to nanomaterials (NMs). However, the selection of exposure concentrations of NMs for
in vitro toxicological assays often lacks a robust scientific justification and are difficult to extrapolate to real life
scenarios. To this end, in the ASINA project we have calculated in vitro exposure concentrations for titanium
dioxide nitrogen-doped (TiO2-N) and silver-hydroxyethylcellulose (Ag-HEC) nanoparticles based on modeled
concentration in lungs after occupational exposure to these NMs, also considering their dissolution behavior in
biological relevant fluids.
Statement of Contribution/Methods
Aerosol measurements, including nanoparticles size and concentrations in air (Del Secco et al., 2022) and the
calculated effective densities in air (Koivisto et al., 2022) at the near field, were used as inputs for the MPPD
V3.04 model to calculate deposited dose rate and retained doses in the alveolar region. The modeled data was
used to select the concentrations tested for the in vitro exposure in an air liquid interface (ALI) cell culture model
(A549 + THP1-derived macrophages cells) at different realistic occupational time-frame exposure scenarios. In
addition, data on nanoparticles dissolution in simulated biological fluids relevant for the lung exposure (static
dissolution assay in lung lining fluid and phagolysosomal fluid), were used to evaluate the mechanism involved
in the clearance process and the potential bioaccumulation of these NMs in lungs.
Results/Discussion
From the MPPD calculations, we extracted the deposited pulmonary/alveolar surface rate and the retained
dose per square cm of the alveolar region. We considered the total retained dose for the calculation of in vitro
exposure doses since this value may result in a more conservative evaluation (higher calculated deposition)
while the deposited dose, avoiding considering more complex interaction, may determine lower deposited
mass of nanoparticles. The daily inhalation dose and total weekly dose, considering deposition rates
(µg/min/cm2), were calculated by multiplying the output rates by 8 hours (i.e 480 minutes) or by 5 days of 8h
(i.e. 2400 minutes). The retained alveolar mass, in terms of µg/week/cm2 was calculated according to Gangwal
et al (2011). The expected deposition dose calculated with the MPPD model for TiO 2-N and Ag-HEC
nanoparticles were on average 0,18 and 0,13 ng/cm2 for daily exposure, and 0,90 and 0,65 ng/cm2 for weekly
exposure, respectively. As expected, the total retained doses at the alveolar level were higher and equal to 6,23
ng/cm2 for TiO2–N and to 4,47 ng/cm2 for Ag-HEC. In order to proceed with in vitro experiments, we will consider
multiplying the calculated retained doses for a factor of 100, reaching doses of exposure in the order of fraction
of µg/cm2 and possibly representative of a chronic exposure to the nanoparticles.
The dissolution profiles of TiO2-N and Ag-HEC materials were compared with those obtained from selected
reference materials. Information about the different clearance rates was obtained to determine the
biopersistency profile of both NMs under physiological conditions in addition to the lung dosimetry calculations.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 862444.
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Background, Motivation and Objective
Carbon nanotubes (CNTs) are an interesting and promising group of engineered nanomaterials (ENM) due to
their unique geometry, and physico-chemical properties. Manufacture rates of CNTs are only growing, also
increasing their inevitable human exposure. For risk assessment, it is important to understand, whether CNTs
induce genotoxicity by primary or secondary, inflammation-mediated, mechanisms. The classical in vitro
micronucleus assay on monocultured cells is unable to replicate secondary genotoxic mechanisms, which have
been reported in in vivo studies. Overall, very little has been published which addresses the in vitro mutagenicity
of these materials. This research aimed to evaluat e the cytotoxic, and genotoxic potential of two CNT types
utilising: 1) the in vitro cytokinesis-blocked micronucleus (CBMN) assay, 2) the hypoxanthine-guanine
phosphoribosyl transferase (HPRT) forward mutation assay, and 3) proteomics analysis. Both CBMN and HPRT
following their respective Organisation for Economic Co-Operation and Development (OECD) test guidelines
with minor modifications to adapt the assays for ENM testing.
Methods
The test materials NM400 and NM401 (Joint Research Centre (JRC), Italy) were dispersed, 1) according to the
NanoGenoTox protocol; and 2) by a novel method pre-suspending and then dispersing in a Microfluidizer LM10. For the CBMN assay, monocultured human bronchial epithelial (16HBE14o-) cells and a co-culture
constructed of 16HBE14o- and differentiated, human monocytic (dTHP-1) cells were exposed to CNTs (6.25100µg/ml) for 24h. One thousand binucleated 16HBE14o- cells and 200 cells per replicate (n=2) were scored for
the frequency of micronuclei and replication index (RI), respectively. For the HPRT assay, the materials were
exposed to human lymphoblast (TK6) cells for 24h (1-20µg/ml) and 600 wells were scored for point mutations
per concentration per biological replicate (n=3). Proteomics alterations caused by the materials were measured
exposing lung epithelial A549 cells and dTHP1 cells to CNTs for 24h (1.5-50µg/ml).
Results/Discussion
The suspension method appeared to affect the physico-chemical characteristics of the NM400 and NM401.
Raman spectra showed oxidative transformation on CNTs upon sonication, which is not apparent under highshear preparation of suspensions. Despite this, no statistically significant (p<0.05) cytotoxicity or genotoxicity
was observed for either of the CNT types over the dose ranges applied in the CBMN and HPRT assays.
Furthermore, varying the dispersion protocol had no impact on the hazard endpoint results. No major
alterations to the proteomic profile of A549 nor dTHP-1 were observed following exposure to the test materials,
regardless of sonication procedure.
Funding information
This research in the NanoInformaTIX project has received funding from the European Union’s Horizon 2020
research and innovation program, under grant agreement Number 814426.
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Are silver nanoparticles internalized in dulse (Palmaria palmata) tissues and cells?
How far do they go?
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Background, Motivation and Objective
Silver nanoparticles (AgNPs) are, among others, one of the most used engineered nanomaterials (ENMs) dueto
their unique physicochemical properties [1]. Their predicted environmental concentration in water bodies turns
out to be in ng/L range of total silver [2]. Their bioaccumulation in some mollusks (e.g. mussels) and fishes has
been reported recently [3]. Unfortunately, very few works have addressed the potential bioaccumulation of
these ENMs in other emerging aquaculture species used as animal and human food sourcessuch as seaweed. This
data could be important because seaweed have been identified as promising food resource due to their rich
nutrient content and sustainability, besides being the major responsible for the coastalenvironments equilibrium
[4, 5]. European Union (EU) has recognized that seaweed and halophytes form an increasingly important
contribution to the consumption patterns of certain EU consumers and that it is necessary to assess whether
the contribution of arsenic, cadmium, iodine, lead and mercury from seaweed and halophytes to the total
exposure of these substances, would necessitate the establishment of maximum levels. Dulse (Palmaria
palmata) is one of those seaweeds considered of high interest and with increasing consumption patterns [6].
Statement of Contribution/Methods
Dulse seaweed (Palmaria palmata) was collected from the field and used in bioaccumulation studies in
exposures to commercially available polyvinylpyrrolidone (PVP)-coated AgNPs at 0.1 mg/L and 1 mg/L during
28 days. NPs biodistribution and identification has been determined by transmission electron microscopy (TEM)
and scanning transmission electron microscopy (STEM) coupled with X-ray spectroscopy(EDS).
Particles quantification has been assessed by using inductively coupled plasma-mass spectrometry (ICP-MS) and
single particle ICP-MS (sp-ICP-MS) in order to determine not only the elemental content but also NPs size and
concentration, prior sample preparation. For NPs determination, Macerozyme R-10® enzymecomplex has been
employed to promote tissue disaggregation under probe sonication.
Results/Discussion
Quantification results indicate that there is a significant accumulation of AgNPs in the investigated organism.
The particles bioaccumulation increased with a relation to dose and time of exposure, until reaching a plateau
at 14 days after beginning of exposure. The highest concentration has been found to be 1.4×10^9 part/g for
dulse exposed to 1 mg/L during 28 days.
TEM revealed that AgNPs were able to penetrate the tissue from early time points (7 days). Thanks to the EDS
analysis, proper particle identification and discrimination from any other inorganic particles was made possible.
AgNPs seem to preferentially migrate through the extracellular compartment and only in some cases, cells
internalization was observed, although many particles appear in the cell walls. Primary NPs size (24 ± 7nm) has
been found to decrease inside the tissue and AgNPs transformation along the pathway are currently under
investigation. The longer the time of exposure, the deeper AgNPs can be found in dulse tissue. Seaweedtissues
remained otherwise apparently unaltered as no evident cell or tissue disruption or alterations were observed.
However, molecular effects on the seaweed cannot be disregarded and should be object of additionalstudies.
The results of this work indicate that a profound investigation on actual environmental exposure is required to
understand if AgNPs could reach aquaculture seaweed, as deep internalization was hereby demonstrated.
Natural dulse samples are currently being collected and analyzed to understand if AgNPs are present.
Funding information: The authors acknowledge funding from NANOCULTURE Interreg Atlantic Area project
(EAPA_590/2018).L.R.-L. acknowledges funding to FCT (Fundação para a Ciência e Technologia) for the Scientific
EmploymentStimulus Program (2020.04021.CEECIND).
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Fig. 1. HAADF-STEM (A-B) images and corresponding EDS mapping (C) of Palmariapalmata
exposed to PVP-coated AgNPs.
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Course of lung inflammation and injury caused by nanoparticle inhalation depends on
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(Helmholtz Zentrum München)
Carola Voss*a, Meshal Ansari*a, Lianyong Hana, Maximilian Strunza, Ilias Angelidisa, Verena Häfnera, Christoph
Mayra, Carol Ballester-Lopeza, Trine Berthingb, Qiongliang Liua, Tom Conlona, Markus Rehberga, Ulla Vogelb,
Herbert B. Schillera, Tobias Stoegera
a
: Comprehensive Pneumology Center, Institute of Lung Biology and Disease, Helmholtz Zentrum München,
Munich, Germany; Member of the German Center for Lung Research (DZL), Munich, Germany
b
: National Research Centre for the Working Environment, Copenhagen, Denmark
Background, Motivation and Objective: Inhaled nanoparticles (NP) can cause chronic inflammation, fibrosis or
cancer. Despite all inhaled NP can cause acute alveolar inflammation, a rapid resolution depends on the type of
NP.
/Methods: To study NP-type dependent cellular perturbation during transition from acute to chronic lung
inflammation, we exposed mice intratracheally to different shaped carbon NPs: soot like carbon black (CNP),
tangled doublewalled (DWCNT) and rigid, carcinogenic multiwalled carbon nanotubes (MWCNT), and analyzed
the lungs by standard methods such as bronchoalveolar lavage (BAL) analysis, histology and single cell RNA
sequencing.
Results/Discussion:
All NPs caused comparable inflammatory responses at 12 h, airspace neutrophilia increased until day 6 for both
NTs and remained elevated until day 28 for MWCNT. MWCNT, to a lesser extent DWCNT, caused persistent
depletion of alveolar macrophages (AM), detected by single-cell RNA-seq and proven by flow cytometry as well
as intra-vital pulmonary microscopy. TUNEL staining indicated marked DNA fragmentation 12h after DWCNT
and 6 days after MWCNT, colocalizing with CNT laden macrophages. AM depletion was replenished by
transitional monocyte derived macrophages observed at day 6. Strikingly, cytokine release at 12 h measured by
Multiplex ELISA of BALF robustly differentiates the material specific quality of initial inflammation. Furthermore,
ligand-receptor pair based putative cell communication analysis (niche net) uncovered NP-specific, temporal
networks. CNP mediated signaling at 12 h between mucous, Club cells (CC), fibroblasts (FB) and dendritic cells
(DC), subsiding over a CC-monocyte (MC) interaction. DWCNT initiated a defined communication of AMs with
DCs, expanding to MCs, interstitial macrophages (IM), endothelial cells (EC) and the alveolar epithelium (AT1)
remaining at an AT1-MC-IM axis by day 28. MWCNT initiated signaling between CCs, ciliated cells, ECs and FBs,
shifting to an intense MC-FB centered interaction at day 6, remaining at a faint crosstalk of MCs, ECs and FBs at
day 28.
Comparing cellular perturbation patterns demonstrate material specific responses of varying duration and in
different niches. AM-toxicity seems of particular concern and may lead to long-term damage of exposed lungs.
Conclusion: Considering the multicellular composition of the lungs, single cell analysis might offer a unique way
to identify key cell types involved in initiation and continuation of specific cellular responses related to relevant
AOP Key Events. This knowledge shall be of great value for the development of cell-based assays for NP hazard
assessment.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
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Background, Motivation and Objective
Safe by Design (SbD) has been a topical issue over the last few years which has been addressed in many
ways from aligning it with solutions similar to drug design and development to more high level approaches
which are more concerned with the health and safety governance associated with the production of
chemicals and nanomaterial. More generally Health and Safety management takes its cue from two
concepts. The first is the Precautionary Principle where the controlling policy is based on the public’s
perception of risk. The second concept arises from the control being determined from Evidence-Based
Decisions. The SABYDOMA approach leads on from the latter concept where SbD is underwritten by control
system technology and software as depicted in Fig. 1.
Statement of Contribution/Methods
SABYDOMA is an outcome from HISENTS in which a novel disruptive multi-module online flow system was
successfully constructed for the toxicity screening of nanomaterials and chemicals. The lessons learnt from
HISENTS were that unless nanomaterial screening is carried out at the point of production, the signal loses
its validity due to spontaneous changes in the nanomaterial’s properties. Accordingly, SABYDOMA is
building a Lead Demonstrator where the rapid online screens are coupled to the production output so that
the signal from the multiple screening system is used to modify the production. In this way Safe Nano can
beguaranteed as an output from the production line. This poster will describe the progress of SABYDOMA
in more detail and will show the way in which it is achieving its final online SbD technological solution.
Results/Discussion
Fig. 2 shows the innovative mini-release accelerator coupled to the biomembrane sensor which allows for
the rapid in vitro screening of medical and industrial coatings due to be transferred to two coating
companies for the final year of the project. In this system any positive signal from the sensor will be used
to moderate the coating construction. Fig. 3 displays the online nano production line which is being coupled
to the biomembrane sensor enabling immediate feedbacks from the sensor to moderate nano
composition.
Funding information
SABYDOMA has received funding from the European Union’s HORIZON 2020 Research & Innovation
Programme under Grant Agreement no. 862296.
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Bispyridinium compound screening using phospholipid target sensor elements
N. William1, C. M. Timperley2, M. Bird2, J. E. H. Tattersall2, A. Afantitis3, E. Voyiatzis3, A. Nelson1
1
University of Leeds, Leeds, UK,
2
Dstl, Porton Down, Salisbury, UK,
3
Novamechanics Ltd, Nicosia, Cyprus.
Background, Motivation and Objective
Bispyridinium(BP) compounds have important applications as potential pharmaceuticals and antidotes to
nerve agent poisoning. As a result, in order to understand the molecular initiating events in the biological
activity of BP compounds, it is essential as a first step to elucidate their interactions with biological
membrane models. Fig. 1. summarises the structures of the compounds investigated.
Statement of Contribution/Methods
1. Compounds were screened using the HISENTS dioleoyl phosphatidylcholine (DOPC) membrane sensor
element on microfabricated Pt/Hg electrodes in an online high throughput flow system. This technology
screens compounds for their ability to bind to, modify and damage membrane structure.
2. Molecular dynamics (MD) simulations of BP compounds interacting with a DOPC membrane in water
were carried out with the aid of Enalos Demokritos and Asclepios KNIME nodes. The simulation informed
on the energetics of the compound approach to the DOPC membrane.
Results/Discussion
Fig. 1. shows that BP compounds with intermediate length carbon (C) chains exhibited insignificant
interactions with DOPC layers, whereas those with only one and two C linker(s) interacted to the greatest
extent. 4-t-Bu groups on the pyridinium ring enhanced the interaction with the DOPC layers. A
translocation of the longer C chain-linked BP compounds within the DOPC layer was identified. MD
simulations showed that the BP compounds with shorter C link were repelled at closer distance to the
membrane whereas those with longer C link were attracted to the membrane surface (Fig.1). A model is
proposed whereby the pyridinium groups connected by short C chain initiate interaction with the polar
groups of the DOPC causing the molecule to adsorb on the surface whereas the BP molecules with longer
C linker have greater affinity for the membrane and penetrate the membrane vertically instead of
adsorbing on the surface.

Fig.1. BP structures, R=t-but or H and n=1 to 10 (top left), output of sensor where red is t-but- and blackis Hderivative and current depression indicates interaction (bottom left), MB 775 one C and MB 442 fiveC links (top
middle), energetics of their respective approach to the membrane (bottom middle) and proposed model of the
interaction from combined sensor and MD evidence (right).

Funding information

European Union’s HORIZON 2020 Research & Innovation Programme, SABYDOMA, Grant
Agreement no.862296; and, Leverhulme Trust, UK, Grant number F/00 203/Y.
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Aminoquinoline binding to fluid lipid assemblies depends on NH2- position on
quinoline molecule
A. Nelson, W.E.Stokes, B.Crow
University of Leeds, Leeds, UK,
Background, Motivation and Objective
Aminoquinolines (AQ) are the base compounds for antimalarials such as sitamaquine and primaquine
phosphate which are derivatives thereof. As a result, in order to understand the molecular initiating events
in the biological activity of AQ compounds, it is essential as a first step to elucidate their interactions with
biological membrane models. Fig. 1. summarises two of the structures of the compounds investigated.
Statement of Contribution/Methods
1. Compounds were screened using the HISENTS-SABYDOMA dioleoyl phosphatidylcholine (DOPC)
membrane sensor element on microfabricated Pt/Hg electrodes in an online high throughput flow system
inPBS at pH 7.4. This technology screens compounds for their ability to bind to, modify and damage a fluid
DOPC structure. The sensor metric of limit of detection (LoD) was estimated for each interaction and
expressed as –log (LoD) where its magnitude is related to the extent of interaction.
2. Results were correlated with literature values of log P (and log D pH74)) and pKa of the compounds to
assess descriptors of the molecules which facilitated AQ-DOPC binding and subsequent DOPC assembly
structural modification.
Results/Discussion
-log (LoD) relates to the AQ-DOPC binding and the subsequent assembly modification. Thus –log (LoD)
includes the thermodynamic affinity of the AQ for the DOPC which is related to log P or more correctly log
DpH7.4 for ionizable compounds and, a molecular binding to the DOPC. –log (LoD) values have therefore been
normalized by log DpH7.4 to give direct information on AQ-DOPC binding. Fig. 1 displays plots of [–log (LoD)
–log DpH7.4] for all 7 AQ compounds’ interaction versus the NH 2 position on the quinoline rings. The plot
peaks at the NH2- positions on the quinoline of 4 and 7. A model is proposed whereby the ability of the AQ
to bind with the DOPC is related to the electron donating tendency of the NH 2- group to the quinoline
which is related to the pKa value of the AQ. Accordingly a plot of [–log (LoD) –log DpH7.4] versus the AQ pKa
value is linear with R2 value of 0.8. Increased electron density on the quinoline rings leads to increased
interaction with DOPC apolar tails. The 2-AQ interaction outlier is due to the geometrical restriction on the
polarizable heterocyclic N to enter the DOPC apolar region. This study demonstrates the power of the
HISENTS-SABYDOMA biomembrane sensor in elucidating QSARs of molecule/nanoparticle binding to lipid
assemblies as molecular initiating events in their biological activities.

Fig.1. 2- and 8-AQ structures (left) and, plots of [–log (LoD) –log DpH7.4] versus amino position (middle)and
AQ pKa (right).
Funding information
European Union’s HORIZON 2020 Research & Innovation Programmes, HISENTS and SABYDOMA, GAnos.
685817 and 862296 respectively.
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Improving usability of the existing resources for Safe-by-Design processes
Joséphine Steck1, Apostolos Salmatonidis2, Camilla Delpivo2, William Brown3, Polly McLean3, JamesHanlon3,
Richard Seddon4, Simon Clavaguera1
1
Univ. Grenoble Alpes, CEA, Liten, DTNM, 38000 Grenoble, France
2
LEITAT technological center, C/ de la Innovació, 2, 08225 Terrassa, Spain
3
Institute of Occupational Medicine (IOM), Research Avenue North, Edinburgh, EH14 4AP UK
4
Tecnalia Research and Innovation, Mikeletegi Pasealekua 2, 20009, San Sebastian, Gipuzkoa, Spain
Background, Motivation and Objective
The first step in the WP5 of SAbyNA project towards safer nanoprocesses was the compilation, analysis and
mapping of existing resources (strategies, models, tools, frameworks, databases, as well as previous outcomes
from EU funded projects e.g. NanoReg2, caLIBRAte and GUIDEnano) for the Safety by Design (SbD) of
nanoprocesses. The second step was to improve the usability of the identified resources to facilitate their use
and practical implementation by the industry (primarily additive manufacturing and paint & coatings sectors
but more extensively any sector related to nano-enabled products) The activities presented in this poster focus
on the improvement of the usability of the most suitable resources from the SAbyNA Resource Library.
Statement of Contribution/Methods The fifty-two resources identified were assessed applying three main
criteria. The three key parameters to select the relevant resources to be further adapted were “applicability”,
“user-friendliness” and “robustness”. The other criteria (i.e. “relevance”, “cost effectiveness” and “nanospecificity”) were used to bring additionalrelevant resources that were not selected initially and to finely classify
the selected resources. Thirty resources (58%) mapped have ‘mixed’ level regarding these three criteria (i.e.
different High, Medium or Low levels forthe three criteria). Twenty resources (38%) are highly applicable, user
friendly and robust (i.e. H level for thethree indicators) as shown in Figure 1.

Figure 1. Analysis of the three criteria: applicability, user-friendliness and robustness
Most of the selected resources were standards that are not open sources. Thus, additional resources were also
selected even if one of their criteria (applicability, user-friendliness and robustness) is not the higher.
Results and discussion
From this assessment, thirty-two resources were selected for further adaptations to achieve robust and userfriendly versions for practical implementation by the industry. Moreover, usability cards were prepared for each
of the selected resources to facilitate their identification and use through the SAbyNA guidance platform. The
users will find the appropriate resources with a predefined profile based on their own expertise and thanksto a
sorting system. Figure 2 shows the sorting system for each category (e.g. Level of expertise) and the possible
choices that will be proposed to the SAbyNA guidance platform user (e.g. expert, advanced and beginners).
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Figure 2. Proposed resources sorting system
Once the users identify expected resources, it will be possible to find potential outcomes of the resources in
the usability cards including links with other resources, in order to create a tailor-made library (example in
Figure 3). This gathering of pre-selected resources relevant for users facing safe-by-design process issue in one
platform will deeply improve their accessibility and their interoperability. The sorting system will allow usersto
find the more relevant resources according to their needs facilitating the literature review. The developmentof
usability card summarizing the content, the main outcome and identifying the main topics, the type of
documents, and the link towards the complete document improve the usability for users.
Best practices guidance for nanomaterial risk management in workplace
RPSbD023
This guide describes and suggests an approach, prevention advices and practical solutions for the safe handling of nanomaterials produced
and used in work environment. The following topics are covered: variety of nanomaterials, nanomaterial synthesis, nanomaterial behavior
and hazard identification, exposure characterization, risk assessment, laws, prevention and risk management.
Design topic

Design strategy

Type of action

Level

Emissions of hazardous
materials and substances

Risk assessment
Emission
Inherently safe design
Information for use
Organization
PPEs

Risk management measures (i.e.
implementation
of
control
measures)

Beginners

Main content:
This document presents how to support the implementation of measures for controlling potentially toxic occupational exposure through
a hierarchical risk reduction approach, from the design stage to the personal protective equipment by the intrinsic safety, the engineering
controls and the administrative ones.

This document should be used as a first step to integrate SbD but a technical specialist is needed to choose at the
end the relevant equipment.
The resources RPSbD018 Workplace Design Solutions: Protecting Workers during the Handling of Nanomaterials
from the NIOSH is complementary to this document.
Source: http://www.irsst.qc.ca/media/documents/PubIRSST/R-899.pdf Source
of
the
complementary
documents:
https://www.cdc.gov/niosh/topics/nanotech/pubs.html
https://doi.org/10.26616/NIOSHPUB2018120

Guideline
Highly nano-specific

IRSST

Figure 3 Example of one usability card of SAbyNA for resource 23: “Best practices guidance for nanomaterial risk management in
workplace” form IRSST*

Funding information: This project has received funding from the European Union’s Horizon 2020 research
and innovation program under grant agreement No 862419. This publication reflects only the author’s views
and the European Union is not liable for any use that may be made of the information contained therein.
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81.
Safe-, sUstainable- and Recyclable-by design Polymeric systems
A guidance towardS next generation of plasticS
Simon Clavaguera1 on behalf of the SURPASS consortium
1
Univ. Grenoble Alpes, CEA, Liten, DTNM, 38000 Grenoble, France
Background, Motivation and Objective
Plastic waste outlive us on this planet as they take centuries to break down. Endocrine disruption, land, air and
water pollution are only some of the adverse effects of plastic waste on public and environmental health. Still,
70% of plastic waste collected in Europe is landfilled or incinerated.
The overall objective of SURPASS project is to lead by example the transition towards more Safe, Sustainable
and Recyclable by Design (SSRbD) polymeric materials. The SURPASS consortium of 13 partners consisting of
research and technology organizations and industries will:
1. Develop SSRbD alternatives with no potentially hazardous additives through industrially relevant casestudies (TRL3-5) targeting the three sectors representing 70% of the European plastic demand:
- Building: bio-sourced polyurethane resins with enhanced vitrimer properties to replace insulating
PVC for window frames (≥ 40% Carbon Footprint reduction)
- Transport: lightweight, therefore less energy-consuming epoxy-vitrimer (≥ 30% C-Footprint
reduction), as alternative to metal for the train structure, anticipating emerging use of nonrecyclable composites.
- Packaging: MultiNanoLayered films involving no compatibilizers to replace currently non-recyclable
multi-layers films (≥ 60% CFootprint reduction).
2. Optimize reprocessing technologies adapted to the new SSRbD systems to support achievement of
ambitious recyclability targets.
3. Develop a scoring-based assessment that will guide material designers, formulators and recyclers to
design SSRbD polymeric materials, operating over the plastic’s entire life cycle, including hazard, health,
environmental and economic assessment.
4. Merge all data and relevant methodologies in a digital infrastructure, offering an open-access userfriendly interface for innovators.
SURPASS will in particular address its results to SMEs, representing more than 99% of enterprises, and therefore
has an outstanding potential to contribute to the transition towards green economy.

Involved partners:
1. CEA: Commissariat à l’Energie Atomique et aux Energies Alternatives, France
2. IPC: Centre Technique Industriel de la Plasturgie et des Composites, France
3. CIDETEC: Fundacion CIDETEC, Spain
4. LEITAT: Acondicionamiento Tarrasense Associacion, Spain
5. INDRESMAT: Indresmat SL, Spain
6. UGA: Universite Grenoble Alpes, France
7. GEONARDO LTD: Geonardo Environmental Technologies Ltd, Hungary
8. BASF SE: BASF SE, Germany
9. RIVM: Rijksinstituut voor Volksgezondheid en Milieu, Netherlands,
10. UNE: Asociacion Espanola de Normalizacion, Spain,
11. FhG ICT: Fraunhofer Gesellschaft zur Forderung der Angewandten Forschung EV, Germany,
12. WIPAK: WIPAK Gryspeert SAS, France,
13. WFO: Waste Free Oceans Europe, Belgium,
Funding information:
Project funded by the European Union under the Horizon Europe work programme grant agreement N°
101057901. Views and opinions expressed are however those of the author(s) only and do not necessarily
reflect those of the European Union. Neither the European Union nor the granting authority can be held
responsible for them.
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82.
SusNanoFab: Integrated EU strategy, services and international coordination activities
for the promotion of competitive and sustainable nanofabrication industry. Simon
Clavaguera (Univ. Grenoble Alpes, CEA)
S. Clavaguera1, J. Steck1, M. Urbina1, M. Cioffi2, F. Romana Parente2, S. Galleno2, G. Damilano2, L. Dall'Oro2, M.
Rocha3, I. Costa3, P. Galvão3, L. Montelius3, M. Dias3, A. Irazustabarrena4, E. Arrilucea4, M. von Rumhor5, D.
Iacopino5, C.O’Murchu5, G. Fagas5, S. Kelly6, C. Venturini6, A. Littner7, S. Lebigre7, M. Lions7, M. Ledantec7, S.
Dehghani8, P. Syahpoush8, H. Taheri Pour8, N. Adamovic9, E-D. Janotka9, P. Queipo Rodríguez10, D. Gonzales10,
Q. A. Spadola11, C. Sayes12, K. C. Toussaint13.
1. Univ. Grenoble Alpes, CEA, Liten, DTNM, 38000 Grenoble, France; 2. RINA consulting spa, via cecchi 6, Genova
16129, Italy; 3. Laboratorio Iberico Internacional de Nanotecnologia, avenida mestre jose veiga, Braga 4715330, Portugal; 4. Fundacion Tecnalia, Parque cientifico y tecnologico de bizkaia, astondo bidea, ed. 700, Derio
bizkaia 48160, Spain; 5. University College Cork - national university of Ireland, cork (Tyndall), western road, cork
t12 yn60, Ireland; 6. Nanotechnology Industries Association, avenue de Tervueren 143, bruxelles 1150, Belgium
7. Centre Technique Industriel de la Plasturgie et des Composites, rue pierre et marie curie 2, bellignat 01100,
France; 8. Onvega ab, c/o ideon science park scheelevägen 17, Lund 22370, Sweden; 9. Technische Universitaet
Wien, karlsplatz 13, Wien 1040, Austria; 10. Fundacion Idonial, avenida jardin botanico 1345, Parque cientifico
y tecnologico zona intra, Gijon 33203, Spain.; 11. Georgia Tech Research Corporation, Institute of technology,
Atlanta GA 30332 0420, United States; 12. Baylor University, one bear place 87360, Waco TX 76706, United
States; 13. Brown University, 164 angell street, Providence, RI 02912, United States.
Background, Motivation and Objective
Nanofabrication has the potential to make a significant impact in a multitude of diverse areas and to tackle
major socioeconomic challenges for an ever improving yet affordable health care, higher standards of living and
quality consumer goods, cleaner energy and transport. SUSNANOFAB proposes an integrated strategy at a
European level that articulates the whole value-chain and facilitates interactions among stakeholders, aiming
at the promotion of a competitive and sustainable nanofabrication industry.
Results and discussion
At strategic level the project aims to delivering a common strategy to enable all pre-competitive conditions for
successful market uptake of nanofabricated products and solutions. This will be reached using structured
roadmapping methodology and involving external experts in Coordination Groups. At operational and endusers’ level, the project provides affordable services and easy access point to infrastructures and knowledge to
EU stakeholders, and in particular to SMEs. This will be reached using different integrated methodologies such
as the organisation of a large set of training, workshops and services and the development of a Digital Platform,
which will perform in an interoperable manner with ongoing initiatives.
The proposed poster will present some of the SUSNANOFAB activities and main outputs:
• Analysis of the nanofabrication ecosystem;
• Activation of three Cooperation Groups of European and International Stakeholders;
• Development of a participatory roadmap that identifies and prioritises future common research,
standardisation and cooperation actions. The roadmap will have a strong international dimension,
leveraging on US-EU collaboration;
• Development of a digital platform leveraging from existing platforms and avoiding redundancy;
• Identify knowledge & skills gaps;
• Evaluate training needs, design and implement training activities;
• Plan and deploy networking and brokerage services.
Funding information: The SusNanoFab project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement Nº 882506. This publication reflects only the
author’s views and that the European Union is not liable for any use that may be made of the information
contained therein.
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Conceptual design of the HARMLESS Decision Support System. Eugene van Someren
(TNO)
Eugene van Someren1, Neeraj Shandilya1, Remy Franken1, Gino Kalkman1, Mark van Barneveld1, Ioannis Tolios2,
Carina Rubingh1, Shaji Krishnan1, Wouter Fransman1, Susan Dekkers1
1
RAPID, Unit Healthy Living, TNO, Utrecht, The Netherlands
2
Data Science, Unit ICT, TNO, Utrecht, The Netherlands
Background, Motivation and Objective
Potential users of Safe and Sustainable by Design (SSbD) approaches, in particular small and medium sized
enterprises, suffer from the sheer vastness and variety of existing knowledge, testing methods and tools. To
better guide them in making decisions throughout their entire design process on safety and sustainability of
advanced nanomaterials and HARNs, the HARMLESS project is developing a user-friendly intelligent SSbD
Decision Support System (DSS) as an online IT tool.
Statement of Contribution/Methods
Before actual IT tool development, we set out to make a functional design that incorporates previous
experience and stakeholder analysis aiming to integrate existing as well as a vast amount of newly generated
1) NAM-based FAIRified data and models and 2) integrated approaches to testing and assessment (IATAs). All
these different inputs are brought together in a unified HARMLESS online SSbD IT tool.
For the HARMLESS DSS, we have developed a conceptual design that contains 1) an IT-architecture, 2) a decision
support process and 3) a data and model integration approach. This conceptual design will function as a
technical blue-print on how to actually implement the HARMLESS DSS.
Results/Discussion
The IT-architecture describes a modular approach in which all data, knowledge and models are captured (in
standardized fashion) in stand-alone, but interconnected, components, i.e. a) using eNanoMapper as a
database to store all nanomaterial & experimental data, b) launching a new official FAIR Data Point to capture
all knowledge and decision rules in RDF, c) launching a novel Model FAIRpoint with runnable algorithms and d)
launching a new Decision Support System interface. Being modular, the DSS interface connects to the
HARMLESS components, but can also connect to external components (e.g. NanoCommons Data Warehouse,
Jaqpot, ..). Likewise, other components can connect to each of the individual stand-alone components as well.
The decision support process is based on the HARMLESS SSbD framework and a well-established concept of Risk
Informed Decision Making adopted by NASA and US NRC, based on the fusion of deterministic and probabilistic
risk assessment. To this end, Bayesian-based machine learning approaches fused with an automated reasoning
system are applied to automatically create advice about available and heterogeneous data and models based
on their relevance to the particular situation of the user (including the product development innovation and
lifecycle stages) to calculate risk assessment scores and their uncertainties. This information is presented in an
interactive visualization presenting an overview of all important decision criteria (including the uncertainty)
augmented with SSbD advice and knowledge pages allowing the user to interactively work with the tool to
improve their design.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 953183 (HARMLESS).
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Figure 1 Schematic Diagram of the Modular and FAIR IT-architecture. Besides the four technical components (right side), this diagram
also indicates how information generated within HARMLESS flows into each IT-component (left side).

84.
Safe-and-Sustainable-by-Design: the HARMLESS framework. Véronique Adam
(TEMAS Solutions GmbH)
Véronique Adam1, Beatrice Salieri1, Blanca Suarez-Merino1
1
TEMAS Solutions GmbH, Switzerland
Background, Motivation and Objective
The EU Chemicals Strategy for Sustainability Towards a Toxic-Free Environment (CSS) was adopted in 2020 to
ensure better protection of human health and the environment from hazardous chemicals, to boost innovation
for safe and sustainable chemicals and to enable the transition to safe-and-sustainable-by-design chemicals.
Safe-and-sustainable-by-design (SSbD) is defined in the CSS as “a pre-market approach to chemicals that focuses
on providing a function (or service), while avoiding volumes and chemical properties that may be harmful to
human health and the environment, in particular groups of chemicals likely to be (eco)toxic, persistent,
bioaccumulative or mobile”. Previous European projects such as NanoReg2 and CaLIBRAte provided the first
frameworks towards SSbD for nanomaterials. The aim of the HARMLESS project is to build on those and develop
a SSbD framework (and decision support tool) tailored to multicomponent nanomaterials (MCNMs) and high
aspect ratio nanomaterials (HARNs), providing enough flexibility to be used both by large enterprises and small
and medium enterprises (SMEs). The new framework includes some aspects of sustainability (mostly on the
environmental domain), although the work presented here focuses on safety.
Statement of Contribution/Methods
The HARMLESS framework is based on the results of previous European projects (NanoReg2, CaLIBRAte,
GRACIOUS). It aligns with the SSbD guidance by CEFIC and the SSbD framework currently being developed by
the JRC. TEMAS Solutions built this framework based on a review of previous project outcomes, strengths and
limitations. Feedback given by research and industrial project partners was included.
Results/Discussion
Three innovation stages are defined in the framework, following the Cooper stage-gate model and making it
more flexible: 1) Product idea & screening, 2) Lab scale, 3) Pilot scale. At product idea & screening, the objective
is to select two to three alternative solutions to compare more accurately at the lab scale stage. At this second
stage, the safest and most sustainable option is selected for a more accurate assessment, which occurs at pilot
scale. At each of these innovation stages, all lifecycle stages are considered; design principles and a set of
methods and tools are defined for the user to assess the safety of its products. A safety assessment strategy is
defined, which includes three steps:
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Step 1: Safety of nanomaterial and chemical components – hazard-based approach. Ensure regulatory
compliance, assessment of hazard properties relevant for human & environmental health
- Step 2: Safety of nanomaterial at production and end-of-life – risk-based approach. Assessment of
occupational safety and ecotoxicity at production and end-of-life
- Step 3: Safety of nano-enabled product at use and end-of-life – direct exposure. Assessment of
consumer safety and ecotoxicity at use and end-of-life.
As the product development goes along the innovation stages, the idea becomes more concrete, more accurate
testing is made possible and more accurate data are available; therefore, the product safety is assessed more
and more accurately. At early stages, it mainly consists of regulatory compliance and qualitative risk assessment,
while at later stages quantitative risk assessment is required. In between innovation stages, gates are defined
to assess if the product can go to the next stage or not. Minimum criteria to comply with at each of these gates
are under development.
-

Funding information
The basis of this work has been performed in the project Harmless (https://www.harmless-project.eu/, H2020funded, Grant Agreement number: 953183).
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The safe and sustainability assessment integration for innovative nanomaterials
Jesús Ibáñez1*, Mario Santiago-Herrera1, Carlos Rumbo1, Rocío Barros1, Juan Antonio Tamayo-Ramos1, Cristina
Matos2, Rita Alberto2, Carla Martins2, João Laranjeira2, Helena Monteiro2, Sonia Martel-Martín1
1
ICCRAM – Universidad de Burgos, Burgos, Spain
2
ISQ - Instituto de Soldadura e Qualidade, Oeiras, Portugal
*jesusibanez@ubu.es
Background, Motivation and Objective
The integration of Safe and Sustainability approaches is gaining interest in the EU policies & roadmaps due to
the economic and strategical impact of new nanomaterials. The sustainability approach highlights the necessity
of using management tools in a Life Cycle Thinking (LCT) perspective. The European Commission is funding
research projects where innovative products and materials are produced by new technologies providing new
or existing functionalities in a safe and sustainable way.
The Lightme and BIOMAC projects aim to upscale Pilot Lines that currently develop lightweight and biobased
materials with outstanding functionalities. In parallel, safe and sustainability assessments are addressed.
DIAGONAL, NANOCOMP or NEFERTITI projects go one step further and seeks to integrate the sustainability of
innovative products with safety towards a Safe- and Sustainable-by-Design (SSbD) concept implementation
including new predictive and decision support system tools.
Statement of Contribution/Methods
Life Cycle Sustainability Assessment (LCSA) is a comprehensive methodology used to evaluate the
environmental (LCA), economic (LCC) and social (S-LCA) impacts for decision making in a LCT perspective
considering the three pillars of sustainability. Different methodologies such as Multicriteria analysis, Pareto
principle, monetization of externalities or mathematical programming, are the most promising research fields
to assess this integration.
Risk assessment aims to estimate the probabilities and expected consequences for human health and the
environment, due to exposure to substances, considering their hazards. Despite the fact that Risk Assessment
must be considered independently, it can be also integrated into the LCSA models through the calculation of
Characterization Factors. This holistic approach where toxicological, occupational exposure, environmental,
economic, and social results are combined, provides the necessary information for a functional, safe, and
sustainable commercialization of nanomaterials.
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Results/Discussion
The interdisciplinary approach of these methodologies requires joint efforts from different stakeholders in
nanotechnology, and the results will provide innovative tools at the design stage for the development of
nanomaterials that provide reliability to the market.
The funding of different EU research projects will push forward the development of SSbD tools for a new
paradigm in the development of nanomaterials and their Safe and Sustainable market release.
Funding information
This research has received funding from the European Research Council (ERC) under the European Unions’s
Horizon 2020 research and innovation programme (Grant Agreement nº 826312, 952941, 953152, 101022202)
in the context of Lightme, BIOMAC, DIAGONAL and NEFERTITI projects. NANOCOMP Project has received
Regional funding (Junta de Castilla y León, Spain)

86.
Sustainability and cost considerations for Safe by Design (SbD) for the additive
manufacturing sector
Leire Barruetabeña1, James Hanlon2, Socorro Vázquez-Campos3
1
GAIKER, Zamudio, (Bizkaia), Spain
2
Institute of Occupational Medicine (IOM), Edinburgh, UK
3
LEITAT technological center, Terrassa, Spain
Background, Motivation and Objective
Advanced materials, including nanomaterials, are considered to be a Key Enabling Technology by the European
Commission. These materials are developed to improve performance over conventional materials in products
and processes, leading to important technological and economic developments. However, their potential risks
for the human health and the environment, as well as the economic implications associated to these risks, still
pose various uncertainties.
The extensive research carried out in the last years has led to a growing number or resources and tools to
support decision making in order to design Safe and Sustainable by Design engineered nanoforms (NFs) and
nanoenabled products (NEP). Among other fields of research, there has been important progress in the
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development of resources to enable assessing main dimensions of sustainability through the entire life cycle of
the nanomaterials, from an environmental and socio-economic point of view. Then again, there are still
different unsolved issues that limit the extensive evaluation of risks and sustainability over the life cycle,
especially in early design phases, even if decisions taken at this step may have key implications on the impacts
that NFs and NEPs will have over their life cycle.
The use of mature tools as environmental Life Cycle Assessment (LCA) and cost assessment for NFs and NEPs at
early stage of development may face the following constrains, mainly due to either absent or limited
information related to the following aspects:
-

Cost and environmental impacts associated to the production/acquisition of NFs.
Release of NFs over the life cycle of the NEPs, their fate as well as their potential impact on human
health and environment.
Quantifiable economic and environmental benefits, linked to the improved performance of NEPs.
Suitable exposure and emission mitigation measures in each case, as well as their cost implications.

The constraints encountered are even higher in innovative sectors, where the economic and environmental
implications of the processes themselves have not been deeply evaluated. This is the case of Additive
Manufacturing (AM) sector.
Statement of Contribution/Methods
Within the SAbyNA project the development of simplified tools for Life Cycle Assessment and Cost Assessment
are proposed for SbD strategies. As a starting point to prove their feasibility, additive manufacturing sector
specific tools have been developed.
The tools developed aim to support life cycle thinking based evaluation, and to aid in the identification of
potential environmental and economic hot spots even where information is limited, for example, at the early
design stages. In order to do so, two different excel based tools have been developed, focused on additive
manufacturing processes applying NFs.
-

Simplified LCA tool: The tool requires the main additive manufacturing process (preprocessing,
processing and postprocessing steps) to be defined, as well as the use phase conditions
(indoor/outdoor, cleaning requirements, etc.) and the expected end of life routes for each case
(recycling, energy valorization an end of life). Specific issues like energy sources, exposure and emission
mitigation equipment and transport steps and modes can also be detailed by the user.
On the other hand, within the SAbyNA project average data has been collected and introduced in the
tool in order to support the user while modelling the life cycle assessment of AM products. The data in
the background of the tool include:
o

o
o

o

Impacts associated to the production of the different materials and energy sources used in the
production phase. The impacts associated to the production of ENFs are based on the results
obtained from literature.
Environmental implications of main AM processes and sub processes.
Characterization Factors for emissions, including nanomaterials emission, to enable quantifying
the contribution of each emission to the different impact categories assessed. At this stage, the
characterization factors for nanomaterials are also based on a literature review.
Potential material release during the production processes, use phase and end of life. The
release during production phases is mainly based on the characteristics of the processes
themselves, while the release at use and end of life are being estimated based on existing
models and research on the release of different ENFs.

The tool provides 5 main results: LCA based indicators (contribution to Global Warming Potential, Cumulative
Energy Demand, Human Toxicity and Freshwater Ecotoxicity) and the estimation of nanoforms release over the
life cycle stages.
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-

Simplified cost assessment tool: This tool considers the cost of the current manufacturing situation
(baseline) for additive manufacturing and the cost implications of suggested SbD strategies by the
SAbyNA platform. The tool will also allow the user to compare the costs with and without NFs/NEPs.
Default data can be supplied to the user (such as costs of commercially available NF/NEPs and default
labour costs and electricity costs from EUROSTAT). The tool also allows the user to enter their own data
where this is possible, such as the costs of Risk Management Measures (RMMs) in which the available
publically available cost information is variable. The main output of the tool is a relative cost of the SbD
strategy compared to the baseline.

Results/Discussion
The tools developed for simplified Life Cycle Assessment and Cost Assessment of products manufactured
through Additive Manufacturing processes, with added nanomaterials enable estimating costs and
environmental impacts based on limited information added by the user. The results obtained, calculated from
user specified data and literature based data in the background of the tool, are shown in ranges (minimum and
maximum values). This approach reflects the uncertainty inherent to the tools (and background data)
developed, but provides the opportunity to identify key points that can lead to the identification of economic
and environmental priorities and/or further research needs to improve accuracy of the results,
The tools developed at this stage of the project represent draft versions that are aimed to be improved with
further developments. On the one hand, further effort is planned for improving data quality (e.g. simplified
characterization factors for different nanoform groups and refined inventory data for AM processes). On the
other hand, an integration of economic and environmental results will be developed, in order to show
ecoefficiency results.
This approach for additive manufacturing will then be developed for the paints sector.
Funding information
The work was founded by the SAbyNA project, Horizon 2020 Research and Innovation programme, under the
Grant Agreement number 862419.

87.
Safety testing in the life cycle of nanotechnology-enabled medical technologies for
health (SAFE-N-MEDTECH)
Shan Zienolddiny-Narui1
1
National Institute of Occupational Health, Oslo, Norway
Society and clinical practice pose a growing demand on novel biomaterials, micro and nanotechnologies for
innovative medical devices and in vitro diagnostics (Medical Technologies-MTs). The new technologies are
subjected to other pressing factors such as qualification, regulation, cost, biocompatibility and the need to be
applicable worldwide. The nano-enabled MTs can be applied in nearly every biomedical area, with a major
presence and increased importance in cancer and orthopaedics. The EU-funded SAFE-N-MEDTECH project will
develop an open access platform to provide the knowhow, networks and services required for the development
of nanotechnology-based medical and diagnostic devices. The SAFE-N-MEDTECH platform will be directed to
companies and laboratories and offer an integrated approach for assessing qualification, regulation,
biocompatibility and the properties of nanomaterials. On the other hand, nano-enabled MTs particularly
require careful risk/benefit assessment, due to their complexity. This assessment will be a key pillar for the
proposed Open Innovation Test Bed (OITB) in the SAFE-N-MEDTECH project. This OITB will offer a
multidisciplinary and market oriented innovation approach to SME´s, healthcare providers and industries for
the translation to the market of MTs, based on a deep understanding and knowledge of the materialnanoproperties, their advance use and applications in MTs and other aspects involved in MTs safety (electric
compatibility, electromagnetic properties, etc).
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88.
Risk Governance of Nanomaterials
Mark Morrisona, Lesley Tobina, James Bakerb, Sean Kellyb, Susanne Reschc, Monique Groenewoldd, Janeck ScottFordsmande, Maria Dusinskaf
a
Optimat, East Kilbride, UK; b NIA, Brussels, Belgium; c BNN, Graz, Austria; d RIVM, Utrecht, Netherlands; e
University of Aarhus, Aarhus, Denmark; f NILU, Kjeller, Norway.
Background, Motivation and Objective
Nanotechnology impacts a broad range of industries and applications. Yet, the interaction of engineered
nanomaterials (ENMs) with the living environment is complex and is marked by uncertainty and ambiguity. As
a result, there is an urgent need to develop appropriate governance structures, to ensure the trust of all
stakeholders.
Statement of Contribution/Methods
Three large independent European projects are collaborating in this endeavour. The partners involved have a
long history of research to understand the impacts of nanomaterials on human health and the environment,
and have participated in all major European and National projects dealing with these topics.
Results/Discussion
The NMBP-13 projects have developed four main outputs to support the risk governance of nanotechnologies:
• A blueprint for an organisation to govern nanotechnology-related risk comprising individuals (experts,
stakeholders) that provide ‘problem-solving capacity’ to support decisions on new/emerging risks from
ENMs. The form of this organisation is being finalised and will be either:
o a permanent structure (“House”) that develops and offers access to a risk governance
framework and a range of data and tools (see below) as well as a series of activities and services
including advice, expert opinion or technical assistance
o a “Taskforce” or committee, mobilised by the EC or others to respond to specific needs or
challenges, e.g., like SCHEER
• A Risk Governance Framework that guides users in the identification, assessment, management and
communication of risks
• Data from experiments using ENMs that link material properties with observed effects in humans, living
organisms and the environment
• A set of tools that can be used to analyse the quality and suitability of the available data, make
comparisons and predictions, and support decision making. These will be available via an online portal
Funding information
Gov4Nano, NANORIGO and RiskGONE have received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 814425, 814401 and 814530
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89.
Organising for the Governance of Nanotechnology-related Risk
Marie-Valentine Florina, Rob Aitkenb, Panagiotis Isigonisc, Monique Groenewoldd,
Janeck Scott-Fordsmande, Tommaso Serchif, Dalila Antunesg, Arto Säämänenh, Andrea Porcarii
a
EPFL, Lausanne, Switzerland; b IOM, Edinburgh, UK; c Università Ca’ Foscari, Venezia, Italy; d RIVM, Utrecht,
Netherlands; e University of Aarhus, Aarhus, Denmark; f LIST, Esch-sur-Alzette, Luxembourg; g FactorSocial,
Lisbon, Portugal; h FIOH, Tampere, Finland; i AIRI, Rome, Italy.
Background, Motivation and Objective
The EC Chemicals Strategy for Sustainability, the Green Deal, and other initiatives in Europe, indicate an
ambition regarding safety, sustainability, and circularity of chemicals, towards a non-toxic environment.
Innovation brings potential for economic growth and addressing societal and environmental challenges.
However, innovation often comes with high uncertainty regarding its risks. Concerns are raised on the access
of all important actors to high-quality data, technical risk assessment, public perception and acceptance, and
regulatory harmonisation and effectiveness, among other aspects. Improvements are needed regarding how
risks to human health and the environment are assessed, managed and communicated.
Statement of Contribution/Methods
To address these challenges, three H2020 projects of the NMBP-13 call (NANORIGO, RiskGONE and Gov4Nano)
have been working closely to improve the governance of nanorisks in Europe. They have jointly developed the
concept of a new organisation tasked with collecting, sharing and disseminating insight for governing risks from
nano-based products. The format of this organisation is being finalised, however, it will be a place where
different stakeholders can come together to develop informed opinion on emerging nano-related risks, utilising
other output from the projects including data, tools and a risk governance framework (NRGF).
Results/Discussion
The proposal for a new organisation was developed following extensive stakeholder engagement including
regulatory agencies, industry, NGOs, international organisations and academia. This delivered a blueprint
describing the form and function of the organisation which encompasses technical, economic and social
aspects. This blueprint is now being refined and support sought for either (1) an independent, permanent
‘House’ established as a portal that provides access to a continuously developed library of tools and data sets,
together with roundtable services and activities to provide guidance to members of the House; or (2) a light
‘Taskforce’ charged with developing opinion and advice in response to emerging issues that have been
identified by members of the Taskforce or through an external request.
Funding information
Gov4Nano, NANORIGO and RiskGONE have received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 814425, 814401 and 814530
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Tool verification processes
Nanogovernance framework.

within

the

development

of

the

NANORIGO

Gerard Vales1, Leire Barruetabeña2, Dana Kühnel3, Kerstin Hund-Rinke4, Daina Romeo5, Fadri Gottschalk6,
Michael Steinfeld7, Carina R. Lalyer8, Sebastian Purker8, Bernd Giese8, Blanca Pozuelo10,Arantxa Ballesteros10,
Arto Säämänen1, Mark Morrison9, Julia Catalán1, Isabel Rodríguez-Llopis2 1FIOH, Helsinki, Finland; 2GAIKER,
Zamudio (Bizkaia), Spain; 3Department of Bioanalytical Ecotoxicology, Helmholtz Centre for Environmental
Research-UFZ, Leipzig, Germany; 4Fraunhofer Institute for Molecular Biology and Applied Ecology IME,
Schmallenberg, Germany. 5EMPA, St. Gallen, Switzerland; 6ETSS AG, Engineering, technical and scientific
services, Strada, Switzerland ; 7University of Bremen, Bremen, Germany;8Institute of Safety and Risk Sciences
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(ISR),University of Natural Resources and Life Sciences, Vienna (BOKU); 9Optimat, East Kilbride, UK; 10Instituto
Tecnológico del Embalaje, Transporte y Logística (ITENE), Paterna (Valencia), SPAIN
Background, Motivation and Objective
The NANORIGO project aims at developing a transparent, transdisciplinary and science‐based Risk Governance
Framework (RGF) for managing nanotechnology. To operationalize this framework a web platform is being
developed that will include data and tools for the different steps of risk governance. There is a plethora of tools
available for the technical risk assessment. However, there is a dearth of tools and approaches for other steps,
such as the integration of socioeconomic aspects of risk. A selection of existing tools has been performed, but
also new tools, aiming to fill in identified gaps, havebeen developed. In order to assess the suitability of the
selected and developed tools for the needs of different stakeholders, a verification process was carried out
before integrating them into the RGF.
Statement of Contribution/Methods
The verification of the tools was performed directly with stakeholders (theoretical verification) and viacasestudies (empirical verification). For the theoretical verification phase, two workshops withrelevant stakeholders
were organized, one during the evaluation and development of the tool models and another at the end of the
development phase. The former was used to gather feedback to refine the tools, and the latter for a final
verification by demonstrating the usage of the tools with real life examples. At the same time, the web platform
that operationalizes the NRGF and that includes the different selected and developed tools was also presented
to the stakeholders. For the empirical verification phase, the performance of the tools was assessed via casestudies takinginto consideration the stakeholders’ needs, which have been previously gathered (theoretical
verification). The case-studies used one or more of the following nanomaterials: carbon nano fibres (CNFs),
carbon black (CB) in rubber tyres, or titanium dioxide (TiO2) nanoparticles.
Several tools were verified following the described methods.
-PERST (Prospective Early Risk Screening Tool), a stochastic-probabilistic risk prediction tool, whichhas been
developed in the NANORIGO project.
-MCDA (Multiple Criteria Decision Analysis), which can be combined with PERST and uses probabilistic
algorithms for decision support and covers a wide range of criteria related to life cycle and socio-economic
aspects.
-CoDo (Combined Dosimetry model), which has been developed in the NANORIGO project, and aims at
integrating in vitro dosimetry and lung dosimetry models to calculate the air concentration/intake dose
corresponding to an in vitro dose (concentration).
-SEG4nano (Simple Ecotoxicological Grouping System for nano), a grouping and read-across species-dependent
tool, which addresses the environmental aquatic and the terrestrial compartments. The toolwas further refined
in NanoRigo.
-The GRACIOUS IATA (Integrated Approach to Testing and Assessment) for HARNS (High Aspect Ratio
Nanomaterials), developed within the GRACIOUS project, which supports the grouping of different of HARNs,
based on their potential to cause mesothelioma.
Results/Discussion
The first phase of the theoretical verification highlighted several generic remarks for aspects such as availability
factors (i.e., lack of awareness of existence of the tool), knowledge factors (i.e., tool usageand interpretation of
results), data factors (i.e., production or procurement of input data needed to usethe tool) and other aspects
(i.e., lack of recognition by regulatory authorities, certifiers) that need to be improved, as well as specific
feedback for each tool. The second phase showcased the refinements of the tools, namely usage, interpretation
of results and regulatory approval, that, although improved, stillneed to be taken in consideration.
The experimental verification through case-studies showed the following outcomes:
-PERST: Two case-studies, CNF and CB, were used for testing the tool. It successfully generated a report
document containing information regarding material load, risk profiles, risk predictions, and vulnerability
profiles at critical concentrations.
-MCDA: The analysis of the case-studies on CNF and tyre additives (Premium Silica, Nanoprene, Graphene, CNT)
generated category acceptability indexes, where the values obtained can be interpreted as the percentage of
belonging to one of the benefit classes in terms of socioeconomic and environmental impacts.
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-CoDo: The verification through the TiO2 case-study showcased interesting trends in the toxicity of titanium
dioxide for different species (i.e., human cells in vitro showed a lower toxicity compared to human cells from in
vivo samples whereas in other animal models the toxicity levels were similar).
-SEG4nano: A case-study on CNT and CNF showed limited applicability, as additional properties (i.e.,aspect ratio
for terrestrial organisms and length for aquatic organisms) seems to be required.
-GRACIOUS IATA for HARNs: The verification through the CNF case-study showed that 2 out of 3 CNFs could not
be grouped with mesothelioma causing CNFs. The grouping is only provisionally accepted as a data gap
regarding deposition in distal lung exists and needs to be addressed.
Funding information
The work was funded by the NANORIGO project, Horizon 2020 Research and Innovation programme,under the
Grant Agreement number 814530.

91.
Nanotechnology Risk Governance Framework (NRGF) – adaptation of the IRGC
approach
Arto Säämänena, Marie-Valentine Florinb, Blanca Pozueloc, Arantxa Ballesterosc, Piet Sellked,
Anna-Kaisa Viitanena, Panagiotis Isigonise, Nils Bohmerf, Dalila Antunesg, Keld Alstrup Jensenh
a
Finnish Institute of Occupational Health, Tampere, Finland, bEPFL, Lausanne, Switzerland, cITENE, Paterna,
Spain, dDIALOGIK, Stuttgart, Germany, eUniversità Ca' Foscari, Venezia, Italy, fDechema, Frankfurt, Germany,
g
FactorSocial, Lisbon, Portugal, hNational Research Centre for the Working Environment, Denmark
Background, Motivation and Objective
Three H2020 projects of the NMBP-13 call (NANORIGO, RiskGONE and Gov4Nano) have been working closely
to improve the risk governance of nanomaterials in Europe. The projects have collaborated to deliver joint
results in several key areas, especially where the results can be useful to relevant stakeholders. Risk governance
is already an established field and the nano world can build upon existing best practices from other fields. To
this end, different existing frameworks have been examined to develop new processes and practices that can
be brought together into a Nanotechnology Risk Governance Framework that will benefit all stakeholders.
Statement of Contribution/Methods
Gov4Nano, NANORIGO and RiskGONE have collaborated to understand how to develop a new framework that
builds upon a clear understanding of risk, practices in managing risk and the risk perception of all stakeholders
in society. Building upon the Risk Governance Framework of the International Risk Governance Center (IRGC),
ISO 21505 and ISO 31000 Standards, which have been modified previously by the caLIBRAte project to fit
nanotechnology, a new framework has been developed to provide guidance for the identification and
management of risks.
Results/Discussion
The Nanotechnology Risk Governance Framework (NRGF) proposed by the three NMBP13 projects integrates
selected tools, methods and best practices and incorporates stakeholder needs to improve existing safety and
risk management practices. The outcome is a future proof, operational NRGF that brings together scientific data
and operational tools into a decision framework that can be trusted by stakeholders and used across all relevant
domains, including chemicals, medicine, biocides and foods, as well as nanomaterials.
Funding information
Gov4Nano, NANORIGO and RiskGONE have received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 814425, 814401 and 814530
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92.
CUSP - The European Research Cluster to Understand the Health ImpactS of Microand NanoPlastics. Lesley Tobin (Optimat Ltd.)
Lesley Tobin1,
1
Optimat, Glasgow UK
Background, Motivation and Objective
The presence of micro- and nanoplastics (MNPs) in the environment is of great concern to society. The small
plastic particles emanate from the degradation of larger plastic items or are intentionally manufactured and
added to commercial products such as cosmetics, synthetic textiles, or paints. It has become clear that MNPs
are part of people’s lives all around the globe. We inadvertently ingest them through the food we eat and the
water we drink, and we inhale them through the air we breathe. Pollutants, such as heavy metals, allergens,
toxicants, and microorganisms, can latch on to these particles and may further endanger the environment as
well as human and animal health. Despite the ubiquitous presence of MNPs all around us, currently we have
neither the tools for measuring and characterizing them with exactitude, nor the understanding of where they
end up in our bodies after exposure and the effects they have on our health.
For this reason, the European Commission decided to fund five research projects (AURORA, Imptox,
PLASTICHEAL, PlasticsFatE and POLYRISK) that together form the European Research Cluster to Understand the
Health ImpactS of Micro- and NanoPlastics, CUSP.
Statement of Contribution/Methods
On June 11th, 2021, 75 organizations from 21 countries forming five large-scale projects came together to create
the European research cluster to understand the health impacts of micro- and nanoplastics, CUSP. Funded by
the European Commission with EUR 30 million, a multidisciplinary team of scientists, industry and policymakers
are collaborating in this unprecedented research effort over the next four years. Within CUSP, the different
projects will investigate the complex relationship between MNPs and human health. The team will be focusing
in particular on exposure routes, hazard and risk assessment, and the development of new analytical tools to
measure, characterise and quantify MNPs.
Results/Discussion
Complex phenomena, such as the global presence of MNPs in our environment, can only be dealt with
effectively by uniting strengths and dealing with this issue on a large scale. Uniting five research initiatives in
one large cluster will engender synergies and amplify the efforts of individual research initiatives. The CUSP
team will work closely with the European Commission’s Joint Research Centre to enhance the impact of their
research and to make sure there is a constant dialogue between science and policymaking.
CUSP research results will contribute to the health-relevant aims of the European Strategy for Plastics in a
Circular Economy and the Bioeconomy Strategy, as well as the REACH restrictions on intentionally added MNPs
to products, by providing new evidence for better preventive policies.
Results from the CUSP projects’ research and investigations will be made available on the individual project
websites and on the CUSP Zenodo Community. We welcome all interested stakeholders to sign up to our
community, where you can be the first to learn about our results and to participate in the cluster’s activities
such as webinars, workshops, and conferences.
Funding information
These projects have received funding from the European Union’s Horizon 2020 research and innovation
programme under the grant agreements AURORA No. 964827, IMPTOX No 965173, PLASTICHEAL No. 965196,
PLASTICSFATE No 965367, POLYRISK No. 964766
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93.
PlasticsFatE: Plastics Fate and Effects in the Human Body
Rudolf Reuther1, Mark Morrison2, Lesley Tobin2
1
ENAS, DE
2
Optimat Ltd, Glasgow, UK,
Background, Motivation and Objective
The main goal of PlasticsFatE (Plastics Fate and Effects in the Human Body) is to improve our present
understanding of the impact of micro- and nano-plastics (MP/NP) and associated additives/adsorbed
contaminants (A/C) in the human body. Human exposure to MP/NP may result from the widespread use of
plastic products and their release to the environment, where they degrade to MP/NP particles. But plastics
particles reach human and natural systems also as secondary by-products, e.g., from tyre wear or abrasion of
textiles. These particles are found in food, drinking water, air and environmental media (food chain, soils).
Despite recent efforts to assess human risks associated with MP/NP, our current knowledge is still insufficient.
One reason is the lack of reliable and validated methods able to generate the science-based data we need.
PlasticsFatE is addressing this challenge and associated uncertainties by implementing a comprehensive
measurement and testing program ("test the test"), including inter-laboratory studies, to improve and validate
the performance and applicability of available methods and tools to MP/NP. The tested and validated
approaches will be used to (1) identify and detect MP/NP and A/C in a variety of complex matrices, such as food
and beverages, human tissues, and consumer products as well as relevant environmental media (air, drinking
water, soils), and to (2) assess their (also long-term) fate and toxicity in the human body by using advanced cell
culture and organ models that simulate real exposure to MP/NP in the respiratory and gastro-intestinal tracts.
PlasticsFatE is part of the newly built “European MNP cluster on human health” that will support various
relevant European strategies for plastics, such as the European Strategy for Plastics in a Circular Economy.
Statement of Contribution/Methods
PlasticsFatE is constructing a repository of materials for characterisation and testing, and the necessary
protocols to do so. Materials include micro and nanoparticles of common plastics such as polystyrene,
polyethylene, polyethylene terephthalate and polylactic acid, in primary and/or secondary form, and include
fibres as well as spherical and irregular shaped particles. Moreover, a number of synthetic and natural fluids
have been used to disperse the particles including Triton X 100, sodium surfactin, bile and serum.
The project’s experimental approach involves the characterisation of selected MNPs; identification of the main
exposure levels and sources; the development of novel in vitro co-culture cell models; the carrying out of human
biomonitoring studies; and an investigation into the role of MNPs as vectors for bacterial colonisation.
Our approach is first to characterise the micro and nanoplastic particles (MNPs) using a number of standardised
techniques and then to use these in different interlaboratory testing regimes to study interaction with and
translocation across biological systems. At the same time we are studying and characterising different MNPs in
matrices that are relevant to human health, including human tissues, food and drinks, air and water. This
includes evaluating different analytical methods and digestion protocols to release MNPs from biological
matrices. We are also studying the bacterial colonisation of different microplastics to understand effects on
bacterial growth and physiology, and horizontal gene transfer (e.g. antibacterial resistance genes). Finally,
PlasticsFatE is assessing worker exposure to MNPs in plastic packaging manufacturing and the uptake of
different MNPs into the human food chain.
The data management plans will be stored in the central eNanoMapper database.
Results/Discussion
Results and outcomes will be made available on the project website at www.plasticsfate.eu; and on the CUSP
Zenodo Community. PlasticsFatE is part of the EU CUSP MNP Cluster of projects.
Funding information
PlasticsFatE has received funding from the European Union’s Horizon 2020 Research and Innovation
programme, under the Grant Agreement number 965367
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Hydrophobicity and protein-protein interactions in nanoparticle coronas
Vigneshwari K. Annapoorani1, Sutapa Dutta1, Vladimir Lobaskin,1 Nicolae-Viorel Buchete1
1
School of Physics, University College Dublin, Dublin, Ireland
Background, Motivation and Objective
Nanoparticles (NP) and other nano-engineered materials (NEMs) entering the human body induce the
formation of a nano-bio interface, which is the result of a complex and dynamic interaction that takes place
amongst the nanoparticle surface and a variety of biomolecules, especially proteins, forming a protein corona
(PC).[1] Recently, studies of the biophysical properties of the nanoparticle protein corona (NP-PC) have become
a major area of research.[1] It is important to understand, characterise and model the biophysical properties
and the molecular interactions related to the NP-PC. Protein-nanoparticle interactions are driven largely by
corresponding biophysical and, often, biochemical changes.[1]
The protein corona formation has many consequences that mainly alter the physiochemical properties of the
nanoparticle surface due to the protein that binds on the nanoparticle.[2] It is important to understand them
since nanoparticles become ubiquitous.[3] Understanding these changes can only be achieved from detailed
atomic studies, however, detailed molecular studies which are lacking at the moment. [4] That is why here, our
overarching aim is to build a multiscale framework using both atomistic/CG simulations, in order to model and
probe the detailed physiochemical properties of proteins interacting with nanoparticles.
Statement of Methods
We developed a multiscale approach that brings together the atomistic structures of both proteins (i.e.,
available from experimental databases such as PDB or from molecular homology modelling) and nanoparticles
(i.e., structures refined from DFT studies) to build atomistic models of protein-protein and protein-nanoparticle
interactions in the NPs protein corona. The approach uses initially classical atomistic molecular dynamics (MD)
to refine the protein structures and asses their conformational space, followed by coarse-grained molecular
docking simulations to investigate the interaction of the NPs with proteins. This approach allows the calculation
of new biophysical descriptors for the biomolecular corona layers of nanoparticles (e.g., the fraction of
hydrophobic or hydrophilic surface areas) that are required for assessing NP-cell interactions and nanotoxicity
in different biomolecular and biological environments.
Results/Discussion
We start with initial atomistic molecular dynamics (MD) simulations of proteins abundant in the corona. The
problem in using directly (i.e., without MD refinement) the structures that are available experimentally (e.g., in
the Protein Data Bank) is that it may not be the exact structure of the protein. We thus use MD simulations to
find the corresponding average structures, as well as the main outlier structures (i.e., most different from the
representative ones) corresponding to proteins of interest in modelling the NP-PC.
Docking of proteins is the next important step of this project. Here, we determine the formation of protein
corona and protein interfaces, by docking in various combinations the homo-oligomers and hetero-oligomers
that can be formed. In a second step, we dock the protein on the nanoparticle and then we analyse the resulting
structural models of protein corona formation.
These structural models of NP corona regions, allow us to calculate new biophysical descriptors such as: SASAH,
SASA+, SASA-, shape-based parameters, etc., that we have analysed. Our method for computational/theoretical
prediction of structural models of NPs covered by protein coronas also provides detailed atomistic description
of the hard and soft corona regions, surface residues (e.g., charged patches), concave/anisotropic coverage of
NP surface, spatial distribution of proteins in the corona, protein-NP and protein-protein interactions, etc.
Funding information
This research has received funding from the European Union’s Horizon 2020 research and innovation program
under grant agreement No 814426 (NanoInformaTIX project). VKA is grateful to acknowledge SIRAT PhD
scholarship from the School of Physics, University College Dublin.
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Figure 3. Simulation box for calculation of RDFSCA-PEG and PMFs for PEG2K surfaces.

Adsorption affinities for individual BSA, TRF, ngTRF proteins for pristine and PEGylated AgNPs and AuNPs.
Obtained CG interaction potentials were applied to calculate adsorption energies for selected proteins. A
relatively low adsorption affinity (< -0.177 kBT) was predicted for all three selected proteins adsorbed onto
PEGylated silver and gold nanoparticles. This is in agreement with the stealth character of PEG polymer. The
example of adsorption heat map and special arrangements of corresponding complex between TRF protein and
PEGylated AgNPs are shown at Figure 4.
Figure 4. Adsorption heat map and corresponding TRF-PEGAgNPs adsorption complex.

Competitive adsorption of BSA, TRF, and ngTRF proteins onto PEGylated AgNPs and AuNPs.
Collected adsorption energies were utilised to setup kinetical Monte Carlo simulations for competitive
adsorption of selected proteins. Initial match between predicted and experimental data was satisfactory.
Further analysis is needed to evaluate obtained data. The results will be discussed during presentation/poster
session.
Funding information
This work was supported by SFI 16/IA/4506. The authors also want to thank the Irish Centre for High-End
Computing (ICHEC) and the UCD Research IT Sonic cluster for the provision of computational resources.
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Ab-Initio and classical molecular dynamics modeling of bio-nano interface
Alexander Lyubartsev , Erik Brandt, Marzieh Saeedimasine
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Background, Motivation and Objective
Development of methods to assess possible health and environmental risks associated with the use of
nanomaterials is an ongoing effort of nanotoxicological research. A large amount of experimental data is
accumulated, and attempts to develop various QSAR-type schemes for prediction of engineered
nanomaterials toxicity have been made. It is however difficult to find direct correlations between primary
physical-chemical descriptors of nanoparticles and adverse outcomes. Recent nano- and bioinformatic
research are able to link various adverse effects for human health to molecular initiating (triggering) eventsat
bio-nano interface via adverse outcome pathways. Therefore detailed insight into molecular details of events
happening at the bio-nano interface is necessary to reach progress in assessment of biological effects of
nanomaterials. Physics-based molecular simulation may provide critical tools to solve these problems
efficiently.
Methods
We have developed a scheme of multiscale modeling, were initial step is ab-initio molecular dynamics
simulation of hydrated material surfaces, with the purpose to determine the specific structure of materialwater interface, a as well as force field parameters for atomistic simulations of material atoms with water and
biomolecules. We proceed further with classical molecular dynamics simulations of biomolecules at
nanosurfaces in aqueous environment. Of particular interest in these simulations is computation of binding
free energies of small molecules (aminoacids and lipid fragments) to the surfaces. A set of binding free
energies of molecules representing hydrophobic, polar, charged and aromatic entities typical for biomolecules
like proteins and lipids creates a biological fingerprint of the material. There are good grounds that such
descriptors, characterizing not only the nanomaterial itself, but how it interact s with surrounding
biomolecules, will correlate well with, for example the ability of nanomaterial to bind or unfold a certain type
of proteins, bind to certain cell receptors or penetrate biomembranes, all such events with a potency totrigger
adverse effects, thus making possible to develop a "mechanisms-aware" scheme of nanotoxicity assessment.
Results/Discussion
We have carried out simulations of aqueous interface for a number of materials which include different forms
of TiO2, ZnO, SiO2, CNTs, other carbon-based nanomaterials and computed binding free energies of about 30
biomolecular fragments to each of them. These data can be used directly as advanced biologically relevant
descriptors of nanomaterials in developmet of data-driven toxicity prediction. Furthermore, potentials of
mean force computed in the same simulations can be used in further coarse-grain simulations tomodel such
processes as formation of protein corona around NP, or NPs biomembrane permeation.

Funding information: The research was funded by H2020 projects SmartNanoTox and NanoSolveIt
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Multiscale modelling of protein adsorption and competitive binding onto PEG-grafted
gold and silver nanoparticles.
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Background, Motivation and Objective
In the current communication, we discuss the results of the application of the UnitedAtom (UA) multiscale
approach for predicting protein adsorption (Lopez et al. 2017) and bio corona formation (Rouse and Lobaskin
2021) onto PEG-grafted gold (PEGAuNPs) and silver (PEGAgNPs) zero-valent nanoparticles. Polymer-coated
metallic nanoparticles (NPs) serve as an excellent starting model for developing non-toxic drug nanocarriers
which can pass through blood-body barriers and reach drug targets of hardy accessible diseases.
Previously it was shown, that engineered inorganic materials can exhibit so-called nanotoxicity (Y. Li, Zhang,
and Yan 2014) which is linked to heightened surface energy resulting from the rise of surface-to radii ratio as
compared to a bulk state. That feature allows the nanoparticle to pass through the cell membrane which
consecutively leads to cell damage by various mechanisms, but mainly through initiating ROS-yielding
processes. Redirecting nanoparticles toward the receptors expressed on the membrane of malignant cells (e.g.
cancer cells) by attaching a selective antigen can help to conquer targeted cells in a precise manner.
However, toxic metallic nanoparticles after their administration to the bloodstream get covered by the layer of
the proteins (biocorona), increasing their colloidal stability (Monopoli et al. 2012). The proportion of opsonins
in protein corona will define the final destiny of the nanoparticle. The opsonization, followed by the recognition
of opsonins by the mononuclear phagocyte system, will discriminate nanoparticles by their antigenicity and
immunogenicity and initiate their rapid clearance from the organism. The prevalence of proteins, other than
opsonins, will invoke other processes (e.g. cell uptake).
Capping metallic NP with polymers before their intravenous administration improves their toxic profile, reduces
opsonization, prolongs their circulation time in the bloodstream, and stimulates their bioaccumulation (Alexis
et al. 2008), allowing them to reach a proper therapeutic dose. This improvement is associated with a stealth
effect (M. Li et al. 2021), which is caused by a decline of protein adsorption due to polymer chains present on
the surface, preventing such interaction. From this angle, predicting the protein corona composition for the
nanoparticle becomes important for forecasting its toxic profile and therapeutic efficiency as a drug
nanocarrier.
Statement of Contribution/Methods
Relative protein corona composition can be predicted in-silico via adsorption affinities of individual proteins
present in the biological fluid. In the current work, we calculated adsorption energies by the UA method for the
set of rigid coarse-grained (one-bead-per-amino-acid) protein structures, interacting with nanoparticles of nonuniform densities, e.g. core-shell nanoparticles with a solid core (Ag, Au) and polymeric coating (PEG). In the
following step calculated affinity ranking was utilized to predict experimentally measured protein corona
composition resulting from competitive binding of bovine serum albumin (BSA), glycosylated (TRF), and nonglycosylated (ngTRF) variants of transferrin (Barbir et al. 2021).
The methodology of predicting binding affinities of the individual proteins onto solid nanoparticles with uniform
densities have been previously reported [1]. The utilization of UA method for Ag- and Au- PEG grafted NPs
required parametrization of the interaction potentials for coarse-grained amino-acid beads and inorganic and
polymeric part of the nanoparticle. Interaction potentials were obtained with a help of molecular dynamics
simulations via two schemes. In case of solid crystalline surface, the AW-Metadynamics (Brandt and Lyubartsev
2015; Subbotina and Lobaskin 2022) was used to reconstruct potential mean force (PMF) profiles. In case of
polymeric CG beads, the interaction potentials were recovered from radial distribution functions (RDF).
Obtained energies for selected proteins were utilized at the next step as an input for CoronaKMC program
(Rouse and Lobaskin 2021) for kinetic Monte Carlo modeling of competitive protein adsorption (hard sphere
model).
Results/Discussion
Parametrization of one-bead-per-amino-acid interaction potentials for silver and gold nano surfaces.
Parametrization of interaction potentials for amino acid sidechain and glycans adsorbed onto silver nanosurface
(Figure 1) were previously reported (Subbotina and Lobaskin 2022). The interaction potentials for gold NPs were
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calculated from biased AW-Metadynamics MD simulations (Figure 2). Both metals have shown similar
adsorbtion patters. Notably, the carbohydrates were among the strongest adsorbates.
Figure 1. PMFs for (a) Ag(100), (b) Ag(110), (c) Ag(111) FCC surfaces.

Figure 2. PMFs for (a) Au(100), (b) Au(110), (c) Au(111) FCC surfaces.

Parametrization of one-bead-per-amino-acid interaction potentials for PEG2K surfaces.
It is known, that Helmholtz free energy or mean force potential w(r), describing the pair-wise interaction
between two atoms (or two CG beads), can be recovered from the radial distribution functions g(r):
w(r)=-kB T log[g(r)]
(Sippl et al. 1996)
In this approach only short part of the polymer, represented in a coarse-grained form, can be taken into the
consideration when modelling a pair-wise interaction potentials for polymer – amino acid side chain beads. The
corresponding boxes for each adsorbate solved in TIP3P water and containing PEG trimers (Figure 3, left) were
constructed and simulated for 100 ns. The RDF function was recovered and converted to PMF profiles. Results
are shown at Figure 3, right.
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Background, Motivation and Objective
Nanoparticles (NP) and other nano-engineered materials (NEMs) entering the human body induce the
formation of a nano-bio interface, which is the result of a complex and dynamic interaction that takes place
amongst the nanoparticle surface and a variety of biomolecules, especially proteins, forming a protein corona
(PC).[1] Recently, studies of the biophysical properties of the nanoparticle protein corona (NP-PC) have
become a major area of research.[1] It is important to understand, characterise and model the biophysical
properties and the molecular interactions related to the NP-PC. Protein-nanoparticle interactions are driven
largely by corresponding biophysical and, often, biochemical changes.[1]
The protein corona formation has many consequences that mainly alter the physiochemical properties of the
nanoparticle surface due to the protein that binds on the nanoparticle.[2] It is important to understand them
since nanoparticles become ubiquitous.[3] Understanding these changes can only be achieved from detailed
atomic studies, however, detailed molecular studies which are lacking at the moment. [4] That is why here, our
overarching aim is to build a multiscale framework using both atomistic/CG simulations, in order tomodel and
probe the detailed physiochemical properties of proteins interacting with nanoparticles.
Statement of Methods
We developed a multiscale approach that brings together the atomistic structures of both proteins (i.e.,
available from experimental databases such as PDB or from molecular homology modelling) and nanoparticles
(i.e., structures refined from DFT studies) to build atomistic models of protein-protein and protein-nanoparticle
interactions in the NPs protein corona. The approach uses initially classical atomistic molecular dynamics (MD)
to refine the protein structures and asses their conformational space, followed by coarse-grained molecular
docking simulations to investigate the interaction of the NPs with proteins. This approach allows the
calculation of new biophysical descriptors for the biomolecular corona layers of nanoparticles (e.g., the
fraction of hydrophobic or hydrophilic surface areas) that are required for assessing NP-cell interactions and
nanotoxicity in different biomolecular and biological environments.
Results/Discussion
We start with initial atomistic molecular dynamics (MD) simulations of proteins abundant in the corona. The
problem in using directly (i.e., without MD refinement) the structures that are available experimentally (e.g.,
in the Protein Data Bank) is that it may not be the exact structure of the protein. We thus use MD simulations
to find the corresponding average structures, as well as the main outlier structures (i.e., most different from the
representative ones) corresponding to proteins of interest in modelling the NP-PC.
Docking of proteins is the next important step of this project. Here, we determine the formation of protein
corona and protein interfaces, by docking in various combinations the homo-oligomers and hetero-

oligomers that can be formed. In a second step, we dock the protein on the nanoparticle and then we
analyse the resulting structural models of protein corona formation.
These structural models of NP corona regions, allow us to calculate new biophysical descriptors such
as: SASAH, SASA+, SASA-, shape-based parameters, etc., that we have analysed. Our method for
computational/theoretical prediction of structural models of NPs covered by protein coronas also
provides detailed atomistic description of the hard and soft corona regions, surface residues (e.g.,
charged patches), concave/anisotropic coverage of NP surface, spatial distribution of proteins in the
corona, protein-NP and protein-protein interactions, etc.
Funding information
This research has received funding from the European Union’s Horizon 2020 research and innovation program
under grant agreement No 814426 (NanoInformaTIX project). VKA is grateful to acknowledge SIRAT PhD
scholarship fromthe School of Physics, University College Dublin.
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Background, Motivation and Objective
The engineering of functional materials at the nanometer scale is an ultimate challenge in the field of
nanotechnology. Despite the scientific progress, an unsolved puzzle remains how a protein dictates its
functional three-dimensional structure and its physicochemical properties (e.g., stability). A detailed and
comprehensive understanding of these would provide us with the knowledge to develop novel bio-inspired
materials with desired functionalities. The most abundant structure motifs of proteins that are found in nature
are the α-helical coiled coils, which are used as a convenient model for the analysis of protein folding studies
and of motif-specific sequence-structure relationships.
Statement of Contribution/Methods
Nowadays, mathematical, and computational techniques are employed to study proteins in aqueous solutions.
A widely used computational technique constitutes Molecular Dynamics (MD) simulations since it has the
potential of providing crucial insights in atomic detail beyond what could be provided only through experiments.
MD generates a trajectory by numerical integration of classical equations of motion that contain all the
dynamical information that is necessary for the analysis of the studied systems.
Results/Discussion
Our work focuses on the detailed investigation of how a protein mutation can cause major changes in its
physical properties, like its structural stability. Two proteins have been studied: the dimeric RNA-binding ColE1
Repressor of Primer (wtRop) protein that is a paradigm of a highly regular 4-α-helical bundle, and its loopless
mutation (RM6). Moreover, we used a complementary free energy calculation approach, based on
Metadynamics technique, to calculate the free energy landscape of wtRop protein, exploring different collective
variables (e.g., distance between the center of mass of the two monomers). Moreover, we investigate the
structure of “inverse proteins” by reversing the amino acid sequence of the well-characterized Rop protein in
order to study the sequence-structure relationships. All-atom MD simulations of the reversed Rop (rRop)
protein were performed in collaboration with corresponding experimental findings to discover its native state.
Simulation findings indicate a perturbation of the α-helical structure of rRop compared to the wtRop protein.
Funding information:
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 810660. We acknowledge support of this work by computational time granted from
the Greek Research & Technology Network (GRNET) in the National HPC facility−−ARIS under H2020 Research
Infrastructures contract no. 695121. Project: Computer Design of Protein-based α-helical Scaffolds, CDPrSc. &
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Background, Motivation and Objective
The classical approach of Quantitative Structure – Activity or Property Relationships modeling (QSAR/QSPR) is
based on the linkage of the characteristic of the chemical structure of a compoundwith the observed biological
activity or physicochemical property. However, while it works perfectly for classical chemicals e.g. organic
compounds, in the context of nanomaterials (NMs), this approachrequires special adjustments. One of the
reasons is the significant influence of the system’s characteristics on the NMs’ structure due to the processes
of e.g., aggregation/agglomeration, or adsorption of surrounded ions and chemical individuals that change
NMs’ structure and therefore their activities and properties, including (eco)toxicity. Thus, in order to improve
the reliability of QSAR/QSPR modeling for nanomaterials (nano-QSAR/QSPR), we aimed to shift the classical
QSAR/QSPR paradigm with the inclusion in the model the system characteristic and/or system- dependent
properties of NMs to predict the modeled activity or property.
Statement of Contribution/Methods
We applied a combination of machine learning (ML) methods, genetic algorithm (GA) and partial least squares
technique (PLS), GA-PLS. GA is an evolutionary algorithm that enables to select the combination of most
relevant descriptors for the modeled response. PLS is a regression technique that enables to define the
mathematical equation of relationships between selected descriptors and modeled response.
Results/Discussion
We present the applied strategy of shifting paradigm using three case studies. In the first case study,we based
on simplified systems, where the same titanium dioxide nanoparticles were dispersed in different inorganic
solvents. The predicted response was hydrodynamic diameter of TiO2 nanoparticles in media. In the second
case study we used a set of metal oxide nanoparticles in a biological medium, our modeled response was
hydrodynamic size. While, in the third case study, weused the same dispersion systems, but the modeled
response was cytotoxicity expressed with MTT assay. All the developed models are characterized with high
statistical parameters confirming their prediction ability. The obtained results present the importance of the
system’s characteristic and/or system-dependent properties in the observed properties and cytotoxicity of
investigated NMs in media. These case studies present the proof-of-the-concept for shifting classic QSAR/QSPR
approachfor nanomaterials.
Funding information
Supported by European Union’s Horizon 2020 research and innovation programme under grant
agreement No 814572 (NanoSolveIT)
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Background, Motivation and Objective
Zeta potential is one of the crucial physicochemical property of nanomaterials (NMs). Zeta potentialdetermines
stability in water and biological media and affects the aggregation/agglomeration process.Moreover, it plays an
important role in biological systems, where can affect interactions with cell membranes and therefore cause
membrane damage or afford NMs transport through the cell membrane in diffusion process. Thus, it’s
important to know and understand which factors have a significant influence on the creation of this
electrokinetic potential. Diversified properties of nanoparticles and medium influence on zeta potential value,
thus it is nearly impossible to find all specific factors. However, the computational methods allow identifying
the most relevant of them. One of the methods is Quantitative Structure-Property Relationships modeling
(QSPR) based on thelinkage of the characteristic of the chemical structure of a compound with the observed
physicochemical property. In this study, we developed a QSPR model for a series of metal oxide NMs.
Statement of Contribution/Methods
To develop QSPR model we used a machine learning approach. In this case, we based on the non- linear method
- AdaBoost Regressor - which allowed us to find the best solution of prediction zeta potential value using simple
descriptors. All calculations were performed using Python 3 with primary libraries: numpy, pandas, scikit-learn.
During the QSPR model development, we used available experimental data on zeta potential for metal oxide
NMs.
Results/Discussion
We present the developed QSPR model for metal oxide NMs. Our QSPR model identifies relationships between
zeta potential and a set of physico-chemical features of NMs, so-called descriptors, like energy band gap of
metal oxide molecule, the geometric surface area of nanoparticles, presence and kind of coating (anonic,
cationic, neutral), corresponding sphere diameter, sum of metal electronegativity divided by the number of
oxygen atoms present in a particular metal oxide (Σx/nO), and size of nanoparticles measured by TEM. NMs size
and geometricsurface area determine the Stern and diffusion layer and thus, have a crucial role in forming the
zetapotential. NMs coating affects the resulting observed zeta potential via changing availability of corecharge.
Thickness and kind of coating can better or less mask the core charge, thus it plays a big rolein forming surface
charge and zeta potential. Energy band gap and Σx/nO describe the electron structure of NMs, thus this quantity
has an obvious influence on the creation of surface charge and therefore, zeta potential by forming a diffusion
layer around NMs. A large number of Σx/nO determine the thickness and tightness of the diffusion layer, thus it
has a crucial role in zeta potentialforming.
Funding information
Supported by European Union’s Horizon 2020 research and innovation programme under grant agreement No
814572 (NanoSolveIT)
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Background, Motivation and Objective
Metal oxide nanoparticles are chemical compounds composed of two types of atoms, oxygen and any metal,
for instance, O, Al, Cu, Fe, Ti or Zn. The most common metal oxide nanoparticles are Al2O3, CuO, Fe2O3, TiO2,
and ZnO. The analysis and prediction of their reactivity and toxicity is crucial for better understanding these
compounds and their use in the industry [1].
It has been demonstrated that the reactivity or toxicity of the nanoparticle mostly depends on the shell of the
nanoparticle. This is the reason why some methods have been presented to deduce the thickness of the shell
of the nanoparticle with the aim of discerning between core and shell and putting more effort on
understanding the properties of the shell [2].
Nanoparticles can be represented as attributed graphs. An attributed graph is a mathematical model of an
object composed of two types of representations: nodes and edges. Nodes are individual components in the
object, and edges are relations between these components. Attributed graphs have been applied in machine
learning for a long time in applications ranging from character recognition to social network exploring, among
others, and more precisely, in Ligand-Based Virtual Screening [3,4]. In our case, atoms in the nanoparticle are
represented by nodes and chemical bounds by edges. Moreover, nodes and edges can be attached with some
attributes, which are the main information of these local parts of the objects and their relations. The node
attributes might be the type of atom (O, Al, Cu, Fe, Ti or Zn) or its energy, among other metrics. And the edge
attribute might be the type of bond between atoms or some relations between the nodes it connects.
The Objective of this paper is to present a new fingerprint for metal oxide nanoparticles called Subgraph
NanoFingerprint. It is based on: First: extracting the shell of the nanoparticle. Second: representing the shell
as an attributed graph. And Third: extracting the appearance of some subgraphs.
Statement of Contribution/Methods
We define:
O(x): the number of oxygens that have x bonds.
M(x): the number of metals that have x bonds.
O(x,y): a subgraph composed of a central oxygen connected to x oxygens and y metals.
M(x,y): a subgraph composed of a central metal connected to x Oxygens and y metals.
O(x,y)-O(x’,y’): a subgraph composed of an O(x,y) and an O(x’,y’) whose central oxygens are connected.
M(x,y)-M(x’,y’): a subgraph composed of an M(x,y) and an M(x’,y’) whose central metals are connected.
O(x,y)-M(x’,y’): a subgraph composed of an O(x,y) and an M(x’,y’) whose central atoms are connected.
Subgraph NanoFingerprint definition:
Subgraph NanoFingerprint is a vector of Natural numbers that count the number of appearances of the
subgraphs defined above. It is split up in four main sections and has a length of 6+2·MAX+2·MAX2+3·MAX4

229

Website to compute Subgraph NanoFingerprints:
The website https://atena.urv.cat/model/ is devoted to compute Subgraph NanoFingerprint. Given a metal
oxide nanoparticle located in a .xyz file and parameters: Shell thickness and Number maximum of bonds
considered per atom (the first two values in the Subgraph NanoFingerprint), the website returns a .txt file that
contains the Subgraph NanoFingerprint.
Results/Discussion
Figure 1 shows an example of the analysis of an anatase nanoparticle TiO2 of size 3nm. From this nanoparticle,
we have generated a Subgraph NanoFingerprint with a shell thickness of 0.4 nm and amaximum number of
bonds of 10. To do so, the first step is to extract the shell atoms and bonds, which are shown in Figure 1
(right). The elements of SECTION 1 are: 4, 10, 30, 22, 414, 217. We do not show theother ones due to the
space. The total length is 6+2·10+2·102+3·104 = 30226. It is worth noting that each atom can be characterized
as regards its coordination i.e. number of neighbours, providing meaningful information for the analysis of the
surface structure of a nanoparticle.
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Background, Motivation and Objective
Nanomaterials are subjected to several physical-chemical changes and molecular interactions in the biological
environment, which greatly influence their toxicity. Understanding the environmental transformations of NMs
is essential to assess their safety, and multidisciplinary approaches are fundamental to dealing with the
complexity of the nano-bio interface [1]. This work is part of an ongoing project that aims to develop an
approach in the theory-experiment interface to understand the interactions between graphene oxide (GO) and
environmentally relevant molecules (e.g., organic matter and pollutants) and their impacts on ecotoxicity.
Tannic acid (TA) is a highly environmentally abundant and commercially available polyphenol with relevant
applications in nanomaterial synthesis and functionalization, including the synthesis and reduction of GO. We
use this model molecule of organic matter in our studies to assess GO toxicity under environmental scenarios
and develop a computational workflow to support the understanding of GO and biomolecules interactions,
having insights about toxicity mechanisms.
Statement of Contribution/Methods
We experimentally characterized the TA effects on GO’s properties, colloidal stability, and toxicity over
Caenorhabditis elegans. In parallel, we modeled from TA’s molecular structure and electronic properties to its
interactions with GO applying computational approaches of different theory levels, such as Density Functional
Theory, Tight Binding, and Molecular Dynamics. This work contributes to a better understanding of the impacts
of environmental biomolecules on the toxicity of graphene oxide, essential information for biological
applications, and nanosafety. Furthermore, it demonstrates how computational methodologies may be applied
in evaluating the nano-bio interface.
Results/Discussion
We found that GO caused significant effects on the survival of C. elegans at environment-relevant
concentrations. We observe a dose-dependent mitigation effect of TA, which at the concentration of 1 mg. L −
raised the GO’s LOAEL and at 10 mg. L- mitigate completely the GO’s mortality effects in the conditions tested.
Atomic Force Microscopy (AFM), Raman, and X-ray photoelectron spectroscopy (XPS) techniques were used to
assess changes in the morphology and surface chemistry of GO in the presence of TA. To analyze the GO’s
surface modification by TA and have insights into toxicity mitigation mechanisms, we applied a computational
workflow to simulated TA and GO systems at different theory levels. First, we combined an enhanced sampling
global optimization method with density functional theory (DFT)-based calculations to explore the free energy
surface of TA and then investigate its lowest energy conformers. We found that the external environment plays
a significant role in TA structure and electronic properties [2]. To study the interaction system, we applied
molecular dynamics with a reactive force field and analyzed the evolution of TA conformation on the surface of
a GO flake in an aqueous environment at 300K. While molecular dynamics enabled the exploration of the
chemical and conformational changes of TA and GO, ab initio calculations provided information regarding the
electronic properties of the system, such as the most reactive sites of GO and TA, also how the environment
and interactions affect them.
[1] Martinez, D.S.T., Ellis, L.J.A., Da Silva, G.H., Petry, R., Medeiros, A.M., Davoudi, H.H., Papadiamantis, A.G., Fazzio, A.,
Afantitis, A., Melagraki, G. and Lynch, I., 2022. Daphnia magna and mixture toxicity with nanomaterials–Current status and
perspectives in data-driven risk prediction. Nano Today, 43, p.101430.
[2] Petry, R., Focassio, B., Schleder, G.R., Martinez, D.S.T. and Fazzio, A., 2021. Conformational analysis of tannic acid:
Environment effects in electronic and reactivity properties. The Journal of Chemical Physics, 154(22), p.224102
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Background, Motivation and Objective
A growing amount of engineered nanoparticles (ENPs) released into the environment forces researchers to
provide more comprehensive studies of ENPs’ fate-relevant properties that will allow accessing their behavior
and transport. Although dissolution plays a significant role in nanoparticle fate in the aquaticenvironment and
is required in the development of a reliable environmental fate model (EFM), there isstill a lack of this data for
nanomaterials. Due to this fact, future attempts have to consider this property. Here, we hypothesized that by
using theoretical calculation with a high theory level, we would be able to receive valid data on solubility for
five metal oxides.
Statement of Contribution/Methods
We proposed an approach to exploit ab intio calculations that were previously used with success to predict the
same properties of organic compounds [1]. Primary crystallographic unit cells of materials were taken from
Crystallography Open Database (COD). Metal oxides: Al2O3, CuO, TiO2, SiO2 and ZnO were chosen because of
their wide usage for various industrial purposes and the major differencesin solubility. The calculation was
conducted by DFT methods. We found that the combination of BVP86 functional with TZVP basis set was the
most optimal technique for geometry optimization and for performing SCF computations in the case of these
substances. We attempted to calculate the chemical potential and then solubility of metal oxides in pure water
by screening charge density on thesurface of molecules. An implicit model was used to simulate water in the
system.
Results/Discussion
As proof of the concept, we calculated the solubility of five metal oxides of the size of unit cell. The obtained
values were in the range 7.22×10-7 – 0.5 mol/L H2O. This suggests that dissolution of nano compounds is much
higher compared to their bulk forms which is also confirmed by experiment [2].
Although the results are respectable, we believe that this method can be improved. So, in parallel, we
developed an alternative approach that includes periodic boundary conditions to select an optimal method
for calculating the solubility of non-organic compounds.
Funding information
This work has received funding from the NCN OPUS 20 under grant agreement 2020/39/B/ST5/02497
(FateNANO project).
Puzyn T, Mostrag A, Falandysz J, Kholod Y, Leszczynski J. Predicting water solubility of congeners:
chloronaphthalenes -a case study. J Hazard Mater. 2009 Oct 30;170(2-3):1014-22. doi:
10.1016/j.jhazmat.2009.05.079. Epub 2009 May 22. PMID: 19524360.
[2] Avramescu, ML., Chénier, M., Palaniyandi, S. et al. Dissolution behavior of metal oxide nanomaterials
in cell culture medium versus distilled water. J Nanopart Res 22, 222 (2020).
https://doi.org/10.1007/s11051-020-04949-w
[1]
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New descriptor to quantify the number, nature and specific reactivity (Oxidative
Turnover Frequency) of surface reactive sites for nanomaterials evaluation, grouping
and dose metrics
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Insituto de Catalisis y Petroleoquimica, ICP-CSIC, Marie Curie 2, 28049-Madrid, Spain
Background, Motivation and Objective
Nanomaterials quantitative surface reactivity characterization is essential for grouping and read across in risk
assessment and to enable more relevant dose metrics. We propose the quantification of active sites on
nanomaterials surfaces by methanol chemisorption and of their oxidation capacity by dithiothreitol (DTT)
consumption as new methods for data normalization and a strategy to engineer safe-by-design materials.
Methanol chemisorption and DTT assays are strategies to obtain new quantitative chemical and oxidation
capacity surface descriptors. In particular, the oxidative rate per active site: Oxidative Turnover Frequency
(OxTOF). The surface density of reactive sites can be calculated by combination with BET area.
Statement of Contribution/Methods
Methanol chemisorption. 100-250 mg of nanomaterial (<100 µm) is placed in a fixed-bed reactor diluted with
500 mg SiC. The sample is first heated to 450 ⁰C in air to remove moisture and impurities from the surface. After
pretreatment, the sample is cooled to 100 ºC and purged in Ar before feeding 2000 ppm methanol in Ar with
5% He until saturation. The temperature-programmed surface reaction (MeOH-TPSR) is run under Ar after
purging the residual methanol vapor by linearly heating the sample from 100 to 450 ⁰C at 10⁰C/min.
DTT consumption assay measures the oxidative potential of nanomaterials. 3 mL of NM dispersion (200 µg/mL)
in phosphate buffer 1 mM is incubated for 1 h at 37°C and 500 rpm with 3 mL of 100 µM 1,4-dithiothreitol (DTT).
Then, the nanoparticles are removed by filtration and the reaction products are mixed to an equal volume of 1
mM DTNB. Using Ellman's reagent (DTNB) the thiol groups (-SH) of the non-oxidized free DTT molecules form
5-mercapto-2-nitrobenzoic acid, a colorful complex that were quantified by UV-vis spectroscopy at 412 nm.
Results/Discussion
Surface descriptors. Figure 1 compares two titanias and a silica: TiO2 (DT51), and TiO2 (JRCNM01001a) and SiO2
(JRCNM02000a). BET physical area (left) does not directly correlate with the number of surface reactive sites
(middle); these values allow calculating the density of surface (right). Thus, TiO2 DT51 has the lowest specific
surface area, but a high density of reactive sites. In contrast, JRCNM02000a (SiO2), with a specific surface area
of 151.2 m2/g, only has an average of 1.5 reactive sites per nm 2. We can thus assess how active reactive sites
are. Therefore, Figure 2 illustrates DDT oxidation expressed as absolute conversion values (left) and as rate per
reactive site (right). This rate per reactive site (molecules per site and second) is the Oxidative Turnover
Frequency (OxTOF). Thus, titania DT51 exhibits the highest DTT consumption, while TiO2 JRCNM01001a, the
NM with highest specific surface area, presents low oxidative capacity, as observed in the OxTOF values of
Figure 5. Thus, the sample with the lowest area, exhibits the largest number of reactive sites and the highest
OxTOF. These reactive features are directly related to NM reactivity and thus safety.

Figure 4. Left, BET specific surface are obtained by N2 adsorption isotherm. Middle, number of reactive sites. Right, surface active sites
density obtained by methanol chemisorption combined with BET area.

Funding information: The authors acknowledge the financial support by the European Commission h2020
project NanoInformaTIX (GA 81446).
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Figure 5. Left: conversion % DTT. Right: DTT Oxidative Turnover Frequency (OxTOF).

105.
The DaNa4.0 web-based Knowledge Base Materials – 13 years of reliable risk
communication on (nano)materials safety. Katja Nau (Karlsruhe Institute of
Technology)
Katja Nau1, Dana Kühnel2, Harald F. Krug3, Clarissa Marquardt1, Andreas Mattern2, Nadja Möller4, Christoph
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NanoCASE GmbH, St. Gallerstr. 58, CH-9032 Engelburg, Switzerland; 4 Society for Chemical Engineering and
Biotechnology (DECHEMA), Theodor-Heuss-Allee 25, 60486 Frankfurt am Main, Germany
Background, Motivation and Objective
For more than 20 years, research has been ongoing worldwide on the safety and risks of nanomaterials. In times
of social change, science has a special responsibility to provide evidence-based answers and solutions to the
pressing issues of today, such as climate change or digitalisation. The tasks also include science communication,
intensifying the dialog with the public, objectifying current debates and educating about the challenges and
opportunities of new scientific developments.
Statement of Contribution/Methods
Already in 2009, the online knowledge base on nanomaterials www.nanoobjects.info was established to share
scientific results on the safety of nanomaterials with the public at an early stage and in a value-neutral manner.
In 2020, advanced materials were added to this information platform to provide understanding and awareness
of toxicological data on these materials as early as possible.
Results/Discussion
The DaNa4.0 knowledge base materials is currently providing safety-relevant information on 28 advanced
materials, including nanomaterials, with regards to human health and environmental impact. A monthly
spotlight article on recent scientific publications as well as numerous cross-cutting articles on topics such as
advanced materials for environmental remediation or as ingredients in medical devices complement this
knowledge base. The knowledge base is accompanied by social media channels (Twitter and LinkedIn) in order
to achieve the widest possible reach for the dissemination of information.
In this poster, the authors describe the strategy and methodology for addressing risk communication issues on
nanomaterials and other advanced materials.
Funding information: This work is funded by the Federal Ministry of Education and Research (DaNa4.0
Information on the safety of new, innovative materials and nanomaterials, FKZ 03XP0282).
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Background, Motivation and Objective
Currently, the development of adverse outcome pathways (AOPs) that are relevant for nanomaterials (NMs) is
focusing mainly on their human toxicity. However, there is an additional component of nanosafety that needs
to be considered in the context of the risk assessment of this class of materials – their ecotoxicity. The goal of
this paper is to integrate data and knowledge available in the AOP-Wiki and scientific publications that will allow
to develop an AOP-based strategy for assessing ecotoxicity of NMs. By providing the mechanistic linkage
between events leading to AOs, AOPs would anchor the initiating events with the adverse effect and enable the
understanding of the mode(s) of this process. Additionally, since in an AOP the KEs (key events) are selected
considering their biological plausibility, measurability and regulatory relevance, the establishment of an AOP
allows prioritization of ecotoxicological endpoints that should be measured to confirm the triggering of a
specific AO by a target chemical. Hence, through collecting, organizing, and estimating the (eco) toxicological
weight of evidence-based knowledge, AOPs would serve as a promising tool in risk assessment.
Statement of Contribution/Methods
The AOPs review was divided into two stages: AOP-Wiki database review and a literature review using the
PubMed search engine. Firstly, AOPs available in the AOP-Wiki related to ecotoxicity were identified.
Afterwards, based on the AOs included in the selected AOPs, for which any data were accessible in PubMed,
AONs were created. The common factor of each network is the AO, to which individual AOPs lead. To complete
the analysis, the availability of data in the PubMed for all KEs forming AOPs was checked, and the amount of
available information was marked on the created AONs by using a color gradient.
Results/Discussion
When assessing the credibility of the selected KE, attention should be paid to the frequency of its occurrence
in the literature, which NMs induce it and which organism(s) the AOP occurs in. On the other hand,
measurability is determined by considering which endpoint is assessed, with what method and whether there
are assays available to measure the KE in a specific organism. The final criterion to consider is regulatory
relevance, which should identify the potential importance of the KE and associated AO in the risk assessment
of NMs and nano-enabled products. Further, it is necessary to demonstrate that a KE is associated with the
specific AO and that it is not a result of acute exposure, which is transient. Only events that follow all these
recommendations should be applied in NM-AOP development. Organization of AOPs into AONs can provide
focus on where to target assays in order to clearly discriminate which mechanism (AOP) is being induced by a
specific nanoform, or to reduce the amount of testing needed by focusing on convergence points to
demonstrate an AO for grouping and read-across for example. The greatest challenge facing the development
of ecotoxicological AOPs and AONs for NMs is still the insufficient number of studies.
This poster is based on the publication: K. Jagiello et al., Using AOP-Wiki to support the ecotoxicological risk
assessment of nanomaterials: first steps in the development of novel adverse outcome pathways, Environmental
Science Nano, 2022, 9, 1675-1684
Funding information:
This work was funded via the European Union’s H2020 project RiskGONE (Grant Agreement No. 814425)
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Background and Objective
The growing interest in developing novel strategies to support the human health risk assessment of chemicals
is recently observed. It is stimulated by regulatory and decision-making agencies that, in order to protect
animals' livings, recommend applying the non-animal-based alternatives, whenever possible. These
alternative methods are beneficial in terms of their ethical, economic, and time consumption. The goal of this
poster presentation is to review recent activities aimed at developing the in vitro to in vivo extrapolation
(IVIVE) models as a part of the New Generation Risk Assessment (NGRA) strategy of nanomaterials.
Described approaches
The application of IVIVE models to predict human health risk of nanomaterials depends on two main factors:
proper selection of in vitro assay and efficient extrapolation of doses. Thus, first the Adverse Outcome Pathway
(AOP) based methodology for the identification of mechanistically relevant events serving as biomarkers for
the targeted selection of in vitro assays was shown. Here, the promising advantages of using high-throughoutbased omics data were highlighted. Furthermore, the application of 3D in vitro models and nano genome altas
to study nanoparticles toxicity was briefly concluded. Moreover, the challenges related to the extrapolation of
in vitro doses into in vivo-relevant responses were presented.
Discussion
Before more comprehensive extrapolation of in vitro response into in vivo-relevant effect will be possible, a
number of limitations need to be overcome. First, the AOP-anchored in vitro assays relevant for observed
adverse outcomes needs to be selected. This needs to be preceded by further development of nano-specific
AOPs. In this context, there is a necessity of studying various possible AOs, including pathologies induced, for
example, in the liver and kidney. Although inhalation is the predominant route of nanomaterials exposure,
other possible relevant exposure scenarios should be considered, as well.
Parallelly, novel complex systems, reflecting the 3D structure of organs should be developed and applied for
mimic human-specific endpoints. The goal is also to use lower and repeated doses that do not provide lethal
injuries in cells since a chronic effect induced by nanomaterials is more realistic than an acute toxic response.
Finally, the efforts aimed at adjusting or developing models allowing to measure the dose that reaches the
target tissues are required. Here, the application of kinetic models (PBK or MPPD) is advised.
Even though it looks like there is still a lot of effort needed to develop a non-animal-based methodology that
gains regulatory acceptance and allows assessing human health risk promptly, the goal is worth to be achieved.
IVIVE models will be a significant step forward in supporting the development of the NGRA strategy for
nanomaterials.
This poster is based on the publication: Jagiello Karolina, Krzecimir Ciura (2022): In vitro to in vivo extrapolation
to support the development of the next generation risk assessment (NGRA) strategy for nanomaterials,
Nanoscale, 14, 6735 - 6742
Funding information
This work was funded via the European Union’s H2020 project RiskGONE (Grant Agreement No. 814425), with
additional support from the EU H2020 project PATROLS (Grant Agreement No. 760813) and the
CompSafeNano (Grant Agreement No. 101008099).
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Background, Motivation and Objective
Engineered nanomaterials (ENMs) occur in various products and could be released into the environment during
their life cycle. Therefore, it is crucial to assess the potential risk that ENMs may pose through their entire life
cycle in order to accurately predict the environmental fate as well as their potential hazards. However, due to
the specificity of the nano-related data (high sparsity, small amounts, heterogeneity, difficulty in proper
description/characterization of the NMs structure), classical computational methods (like QSAR/QSPR) are
rarely effective. To overcome this issue, our study aimed to evaluate the applicability of the available grouping
and read-across regulatory guidelines for predicting the ecotoxicity of nanoforms. For this evaluation, we
performed a case study using nano-SiO2 commonly used in cosmetics, paints, coatings, detergents, optical
imaging agents, etc.
Statement of Contribution/Methods The case study utilized data for amorphous nano-SiO2 gathered from the
JRC Repository characterization dossier and the NanoReg2 H2020 project (i.e. NMs 200, 201, 202, 203, 204).
2D-Hierarchical clustering analysis was used to establish groups of nanoforms that have similar properties.
Afterwards, basing on an established group, a justified, hypothesis-based read-across data gap filling was
performed to assess the ecotoxicity of ENMs.
Results/Discussion
By performing the study with the use of nano-SiO2 we were able to evaluate the applicability of the ECHA’s
available regulatory grouping and read-across guidelines for predicting ecotoxicity of nanoforms. Moreover, we
identified crucial points of read-across analysis that should be given special attention when using Guidance on
QSAR and Grouping of chemicals (Appendix R.6-1 for nanoforms) and elements of RAAF (specific scenarios and
assessment elements). Finally, we identified available data on physicochemical characterization and
ecotoxicological endpoints for several nanoforms that are necessary to perform the case study.
This poster is based on the publication:
M.Gromelski†, A.Rybinska-Fryca† et al. (2022), Implementation of the grouping and read-across approach for the
prediction of nanomaterials ecotoxicity, J Haz Mat (Under Review)

Funding information
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Agreement No. 814426). MGV is granted by European ERC-C EcoWizard (101002123).
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Background, Motivation and Objective
Nanomaterials (NMs) have become part of our daily life, yet their long term and cumulative impact on human
health is relatively unknown. Integrated Approaches to Testing and Assessment (IATA) provide a framework for
combining information from different sources (experimental, in silico) for hazard characterization of chemicals,
including NMs, based on a weight of evidence approach. Experiments to understand NMs biodistribution and
clearance are costly and ethically challenging (due to the use of animals), such that existing data are limited to
specific NMs and rodent models. Computational tools are a promising way to assess the impacts of NMs
exposure on humans, through extrapolation from in vitro and in vivo data. Despite their promise, such
computational tools are currently lacking, and those that are available are not aligned in terms of inputs and
outputs to facilitate risk assessment. A major goal of the NanoSolveIT1 project is to implement a
nanoinformatics-driven decision-support strategy that promotes nanosafety based on innovative in silico
methods, models and tools, which reduce reliance on animal testing. Exposing the developed nanoinformatics
tools as freely available, user-friendly web applications accompanied by appropriate model documentation and
user guidance, significantly increases model accessibility and usage, even by non-experts. Understanding and
utilizing these nanoinformatics tools can bridge the gap between nanosafety-related regulators and industry,
thus accelerating the industrial and commercial nanomaterial applications, while minimizing their
environmental and human health impacts.
Statement of Contribution/Methods
In this work, we integrated three computational approaches which can be used to generate data relevant to
human health risk assessment, namely the Multi-box aerosol model (https://aerosol.cloud.nanosolveit.eu/) for
prediction of indoor air concentrations of NMs [1], the Lung exposure model
(https://lungexposure.cloud.nanosolveit.eu/) to determine the lung burden of NMs following acute exposures
[2] and a Physiologically Based Pharmacokinetic (PBPK) model (https://exposurepbpk.cloud.nanosolveit.eu/
) to determine the biodistribution of the NMs to other organs over longer timescales following inhalation [3, 4].
A two-box layout is selected since this provides the most accurate results while maintaining the computational
cost at reasonable levels. The flow rate between Near Field (NF) and Far Field (FF) regions is set to 10 m3/min
and the exhaust flow rate is set to 5 m3/min. The case study is TiO2 (22 nm). The emission rate is chosen so that
a realistic occupational exposure scenario is generated. The Lung exposure and PBPK applications take as input
the NM concentrations from each exposure area (room) and compute the deposited dose of the NMs in the
various regions of the human respiratory system (and throughout the body in the case of the PBPK model). All
exposure simulations refer to spherical particles. Two scenarios are considered; a short-term exposure (600
seconds) and a long term (8-hour working day, 28,800 sec).
Results/Discussion
The deposited doses reported by the two models (lung exposure and PBPK) are compared against each other
for different time intervals. Results are presented only for female workers and for the NF area, although results
can be found for males and other areas in the publication [2]. This comparison aims at exploring the effect of
NM clearance and translocation from the lung into the blood circulation, which are included in the PBPK model
but not in the Lung exposure model, on the NMs exposure dose, and thus the likely effects (hazard) over time,
which future iterations of our IATA will also incorporate. The effect of clearance on the final deposited dose was
investigated via a series of in silico experiments, in which the 22 nm TiO2 NMs were used.
239

(a)

(b)

Figure 1: (a) Accumulated mass of the particles from the TiO 2 NMs (22 nm) emission computed by the Lung exposure
and PBPK models for female workers in NF region under different inhalation conditions for A. 600 s and B. 8 hours. (b)
Proposed framework for NMs internal deposition prediction, depending on the available input information.

Two scenarios were considered; a short-term exposure lasting 600 seconds and a long term one, which
represented a full 8-hour working day i.e., 28,800 seconds. In the first case the source was active for the first
300 seconds. For the working day, the simulation time was partitioned into 16 timesteps of 1800 seconds (30
minutes) each with the source being active for the first 900 seconds of each step. Comparison of the Lung
exposure and PBPK models under the short-term exposure scenario case (Fig. 1(a)A) reveals only small
differences in terms of the computed accumulated NM masses. This is an expected result, because the two
models use the same equations for estimating the deposition in the various respiratory regions. Furthermore,
the exposure duration is too short compared with the clearance kinetics of the PBPK model to result in
substantially reduced accumulated TiO2 mass over short exposure times. In Fig. 1(a)B, the exposure duration
is long enough for evident alterations in the final deposited NM mass estimated by the two models to be
recorded. In the alveolar region, the clearance term of the PBPK model is slow, since it refers to long term
clearance mediated by macrophages, and the final accumulated mass is not affected significantly by it, as in
the short-term exposure case. On the other hand, the clearance from the tracheobronchial and the head
airways regions, which direct trapped NMs to the gastrointestinal tract, is fast enough that the decrease in
the accumulated mass is important. Figure 1b introduces the proposed framework for lung internal
deposition prediction. If the spatiotemporal evolution of the concentration of the NM is not known, it can be
estimated using the Multi-box aerosol model. The concentration-time profile can then be parsed as input to
one of the two biodistribution models. If the exposure is of acute nature, e.g., the result of an accidental
release, then the Lung exposure model can be used to estimate the deposited mass in the respiratory system
without significant loss of precision due to the absence of clearance mechanisms. The PBPK model is a better
tool for estimation of mass deposition following a chronic exposure.
Funding information
This work received funding from the European Union's Horizon 2020 research and innovation programme via
NanoSolveIT Project under grant agreement number 814572
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Background, Motivation and Objective
Engineered nanomaterial (ENM) toxicity testing using in vitro assays requires the ENMs to be dispersed in cell
culture medium, and applied to multiwell cell culture plates. There are numerous techniques and protocols for
dispersing ENMs in aqueous media that should be harmonized (Hartmann et al., 2015). Various endpoints are
measured during in vitro testing following the exposure, commonly lasting for 24-48 h, and the dose-response
relationship is commonly reported (DeLoid et al., 2017). However, the effective dose is not necessarily equal to
the administered dose, since the cells seeded in the plate wells will only react with the ENMs that reach the
bottom of the plate. Therefore, for the correct reporting of the ENM dosage regimen, the administered dose
should be adjusted (Liu et al., 2015). De Loid et al. (2018) addressed the aforementioned issues by developing
a multi-step in vitro dosimetry methodology to quantify delivered dose metrics as a function of time which
consists of three interconnected parts: 1) ENM dispersion preparation; 2) ENM dispersion characterization; 3)
numerical transport modeling to derive the delivered dose metrics. Our work falls into the category of the
numerical transport modeling to derive dose metrics. We developed a user-friendly web-based application,
termed as “NMs in vitro dosimetry application”, designed especially for non-expert users based on the distorted
grid (DG) fate and transport model (De Loid et al., 2017).
Statement of Contribution/Methods
In general, the factors that influence ENM diffusion and sedimentation are primarily size and effective density
(including both primary particles and agglomerates). If those properties are known, the exposure dose can be
calculated using mathematical models. There have been a few models published so far, using different
approaches. All of them calculate the diffusion and sedimentation using experimental data on the
aforementioned properties (primary size and effective density of the ENM), but some also consider aggregation
and/or dissolution. The DG model used in the in vitro dosimetry application requires user-input of ENM size and
effective density, and is based on differential-equations. The solution of these equations provides both
deposition and concentration metrics, and concentration profiles of ENMs across the experimental well (e.g.,
in a 96-well plate) as a function of the exposure time. The web application is developed in Java, while for the
graphical user interface the zk package is used.
Results/Discussion
Seven different nanoparticles (NPs) are used as case studies for the demonstration and proof-of-concept of the
NMs in vitro dosimetry application. All NPs were designed, prepared and characterized in the IMROH
laboratories and included two different gold NPs, coated with cysteine (CYS) and glutathione (GSH), and four
different silver NPs (AgNPs), coated with CYS, GSH, bis(2-ethylhexyl)sulfosuccinate (AOT), and poly-L- lysine
(PLL). For the purpose of this study, AOT-AgNPs and PLL-AgNPs were freshly prepared and characterized in the
medium used for cell experiments by means of hydrodynamic diameter (dH), obtained from Dynamic Light
Scattering DLS experiments, and zeta potential (in mV), obtained from Electrophoretic Light Scattering (ELS)
experiments. The NPs biological effects were evaluated using human keratinocytes (HaCaT cell line) by means
of cell viability using the MTT assay and oxidative stress response using 2′,7′- dichlorofluorescein diacetate
(DCFH-DA) staining. In the case of CYS- and GSH-coated AgNPs and AuNPs, existing data obtained during
previous studies were used, i.e., size distribution and zeta potential in obtained by DLS and ELS measurements,
respectively, as well as effects on mouse connective tissue cells (L929 cell) viability using MTT assay and
apoptosis induction determined by flow cytometry after Annexin V/PI staining. Comparison of nominal (applied)
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and mass concentrations calculated by in vitro dosimetry application indicate that the cells are exposed to much
higher concentrations than what can be assumed from the reported nominal values, since the NPs are deposited
onto the bottom of the well over time (see Figure 1).

Fig 1. Calculated values of different NPs with the same nominal mass concentration (10 mg/L) deposited per
surface area of 96-well plate after 24 hours of exposure.
Funding information
This work received funding from the European Union's Horizon 2020 research and innovation programme via
RiskGONE Project under grant agreement number 814425.
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Data-driven or data-informed learning approach for predictive modelling? Towards
novel numerical algorithms to support grouping and read-across of nanomaterials and
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1
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2
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Background, Motivation and Objective
Prediction of nanosafety and nanomaterial property is important in modern science, and different research and
academic institutions and regulatory authorities are trying to develop and implement some new approach
methodologies (NAMs) for better risk assessment and property estimation of the industrially-relevant
nanomaterials. The experimental testing is a troublesome and time-consuming process; thus nowadays,
scientists and regulatory agencies rely predominantly on in silico techniques (e.g., quantitative read-across,
quantitative structure-activity relationship, structural alerts, etc.) for the filling of toxicity/property data and
knowledge gaps. These computer-aided methods encounter several challenges, the most significant being the
datasets of limited size; more efficient and inclusive algorithms that can process sparse datasets are needed.
Methods
In the current study, we have stressed upon the new approach methodology and discussed two recently
developed prediction-oriented quantitative read-across algorithms for the toxicity (biological activity in general)
and property of NMs (including multicomponent NMs) based on the similarity with structural analogues. To
validate the new method, two high quality literature nanomaterial datasets (data points < 30 in each case) have
been used.
Results & Discussion
Two different read-across algorithms (particularly suited to the analysis of datasets of limited size) will be
presented. The theoretical background underlying the proposed approaches for the filling data gaps will be
discussed. Then, we will demonstrate examples of read-across models that help to predict the (i) toxicity of
noble metal (Ag, Au, Pt, and Pd)-TiO2 nanocomposites and (ii) specific surface area of perovskites. Finally, we
will discuss a further perspective for the development of computational models, with a focus on read-across
models developed using limited-size datasets.
Funding information
This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 953183 (HARMLESS).
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AOP fingerprint of the mechanism of action of MWCNTs
Laura Aliisa Saarimäki1, Alisa Pavel1, Seela Korpilähde1, Angela Serra1, Jack Morikka1, Giusy del Giudice1,
Antonio Federico1, Michele Fratello1, Dario Greco1,2
1Finnish Hub for Development and Validation of Integrated Approaches (FHAIVE), Faculty of Medicine and
Health Technology, Tampere University, Tampere, Finland
2Institute of Biotechnology, University of Helsinki, Helsinki, Finland
Background, Motivation and Objective
Mechanistic aspects of exposures to engineered nanomaterials (ENMs) have been long exploited in academic
research in the context of toxicogenomics and systems toxicology. This type of evidence has supported the
hazard characterization of ENMs, improved in vitro to in vivo extrapolation, as well as guided the development
of grouping strategies and predictive models. However, its integration into the regulatory framework has been
hindered by the lack of standardization surrounding omics data and technologies. At the same time, novel
strategies to speed up the safety assessment of chemicals and ENMs are urgently needed, while simultaneously
moving away from animal-based approaches. The adverse outcome pathway (AOP) concept has been suggested
to aid in this endeavor by guiding chemical safety assessment and the development of integrated approaches
for testing and assessment (IATA). AOPs are linked sequences of events taking place at various levels of
biological organization. These well-characterized pathways can then be applied to guide testing and infer
potential adverse outcomes based on the evidence. Omics data has been suggested to support the development
of AOPs, but a more wide-spread exploitation in the context of the AOP framework is complicated by the
challenges in linking molecular data into complex biological events. On the other hand, a wide array of wellcurated gene ontologies, biological pathways, and phenotypes have already been used to interpret the results
of omics experiments. Hence, we hypothesized, that rigorous curation of the molecular events associated to
AOPs could help the implementation of omics-based
evidence in the hazard characterization of ENMs.
Statement of Contribution/Methods
We applied an integrated strategy combining natural language processing (NLP) algorithms with manual
curation to systematically annotate all AOPs relevant to human health and their key events (KE) to well-defined
biological pathways and processes, and hence their associated genes. AOP information, such as AOP-KE
connections, descriptions, and taxonomic applicability, were retrieved from the AOP-Wiki repository. The NLP
approach was then used to map the KE descriptions to the names of gene ontology (GO) terms, KEGG pathways
and phenotypes, Reactome pathways, WikiPathways, and Human Phenotype Ontologies (HPO), and the
matches were ranked based on the degree of matching between the entities. The top five matches were then
retained, and manually evaluated for the context and overall goodness of the match. Manual curation was also
used to correct the NLP matches deemed unfit, to fill gaps, and to match KE descriptions related to the function
of specific genes or gene products directly to the mentioned genes. Finally, up to five matches were provided
to each KE to improve specificity, and the genes associated with each match were combined to define the final
set of genes associated to each KE. Complete AOPs were modelled by the union of all the associated genes.
Results/Discussion
Out of 856 unique KEs associated with 176 AOPs relevant for human health risk assessment, 799 KEs were
successfully annotated (mapped to at least one gene or term). This indicates, that up to 93% of the KEs could
be mapped to existing biological terms. Approximately half of the total annotations were GO biological
processes, while the remaining were unequally divided by the other sources. The resulting gene sets associated
with the KEs ranged from one gene up to 5990, with a median of 81 genes. Similarly, AOP-associated gene sets
ranged from 15 to 5992 genes, with the median size of 752.
We benchmarked the result of the annotation using toxicogenomic data from independent datasets derived
from in vivo and in vitro lung-related exposures to a hazardous multi-walled carbon nanotube (Mitsui-7). We
performed enrichment analysis against the KEs and AOPs to obtain an AOP fingerprint for the mechanism of
action (MOA) in vivo and in vitro. As a result, 12 AOPs were significantly enriched in vitro, while 33 came up
significant in vivo. Interestingly, AOP 173 entitled “Substance interaction with the lung resident cell membrane
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components leading to lung fibrosis” was enriched with the most significant p-value in both datasets. In total,
10 out of 12 of the in vitro AOPs were shared with the in vivo fingerprint, suggesting high concordance between
the test systems. Furthermore, the higher number of enriched AOPs for the in vivo data could be explained by
the larger set of differentially expressed genes in the in vivo dataset. Altogether, our AOP-based approach is
able to highlight well-characterized adverse outcomes for the MWCNT exposure with high concordance
between in vitro and in vivo MOA.
Funding information
The authors would like to acknowledge the funding received from EU H2020 NanoSolveIT project (grant number
814572) and Academy of Finland (Grant No. 322761).
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Nanomaterials as stressor in healthy and susceptible populations with pre-existing conditions:
AOP supra-networks and the demand for a tiered approach of advanced immunotoxicity
assay cascades. Norbert Hofstätter (Paris Lodron University of Salzburg)
Norbert Hofstätter, Sabine Hofer, Martin Himly
Div. Allergy & Immunology, Dept. Biosciences & Medical Biology, Paris Lodron University of Salzburg,
Hellbrunner Strasse 34, 5020 Salzburg, Austria
Background, Motivation and Objective
Many national and global initiatives were established in particular targeting to develop and deploy standardized
testing methodologies for nanomaterial (NM) safety. However, in the field of immunosafety research,
conventional test systems investigating immune stressor effects at the primary site of NM deposition frequently
miss to capture the remote effects of immune response impairment or aberrant activation. The
multidimensionality of the human immune system physiology relies on distributed organs, giving rise and
homing to highly mobile immune cell populations, and these immune compartments are orchestrated by
soluble molecular immune effectors.
In particular, a more realistic translation of the immune cells’ microenvironment from in vivo to in vitro test
systems, including signaling pathways, e.g., provided by extracellular vesicles (EVs), have to be investigated. The
elucidation of adverse effects resulting from the interplay with pre-existing conditions of vulnerable
populations, such as children, aged, pregnant or chronically diseased individuals is an orphan issue, although
such conditions have a high prevalence and are afflicting most individuals more than once in their lifetime [1].
Statement of Contribution/Methods
We have developed a systemic perspective, using the concept of adverse outcome pathways (AOPs),
considering NM properties as immunotoxicity modifiers, co-acting with pre-existing health conditions of
susceptible populations. Standardized assay cascades for nano-immunotoxicity testing, such as the one defined
in the field of cancer diagnosis and therapeutic applications of nanoparticles by the U.S. National Cancer
Institute [2] support the identification of key events (KEs) in AOPs.
For the investigation of NM deposition onto respiratory epithelial cells cultured at the air-liquid interface, we
apply an exposure system, termed NAVETTA [3], that enables us to investigate effects of the tissue
microenvironment, e.g., by additional exposure of lung epithelial cells to EVs, which may arise from alveolar
macrophages in vivo and may act as mediators of certain pathologies in the lung, including COPD, asthma, and
cancer [4,5] or act as active pharmaceutical ingredient in inhalation therapies.
Results/Discussion
Immunotoxicity effects can be modeled as AOP immunotoxicity supra-networks, including newly emerging and
modified causally linked molecular KEs. These modified KEs result from crosslinking of (i.) AOPs originating from
NM immune modifier capabilities (as being a cellular stressor), (ii.) the particularities of the distributed (local or
remote) immune function biology and aberrant temporal-spatial signaling, and (iii.) co-existing AOPs originating
from chronic conditions or susceptibility of particular vulnerable populations.
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Immunotoxicity effects of NM always start by deposition to inner or outer epithelia. Among epithelia of the
skin, the digestive tract and the respiratory system, NM deposition to the epithelia of the thoracic region of the
lung is perceived as the most hazardous mechanism of NM-induced adverse outcomes. In this regard, in vitro
test systems mimicking the particularities of the in vivo epithelial microenvironment, including the air-liquid
interface, may help to advance immunotoxicity investigations of KEs in AOP supra-networks. As such, NAVETTA
allows highly efficient electrostatic deposition of laminar flow-delivered, airborne NMs, including EVs, onto
epithelial cells, thus, represents a versatile tool for applying cascades of advanced assays towards investigation
of immunotoxic effects on respiratory epithelia.

Figure 1. Investigating the immunotoxicity of nanomaterials in humans demands an overlay of relevant entities of the
immune system (level 1) with perspective on pathways from molecular initiation via key events to clinical outcome (level
2) and further modification by pre-existing conditions to be able to mimic differently susceptible individuals (level 3).
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Characterization of ENM dynamic dose-dependent MOA in lung with respect to
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X equal contribution
Background, Motivation and Objective
Clarifying the molecular and cellular mechanisms of adaptation to engineered nanomaterials (ENMs)
exposure, is still considered a challenge. In classical inhalation toxicology, the bronchoalveolar lavage (BAL)
composition is used as indicator of lung toxicity, however these approaches lack to inform on molecular
mediators, as well as on the crosstalk between cell populations. Toxicogenomic approaches have been
successfully applied to characterize the molecular mechanism of action (MOA) of ENMs by means of
differential expression analysis (DEG genes). However, dissecting molecular mechanisms and events that are
the direct consequence of exposure is not straightforward. Here, we assume that genes whose expression
show a monotonic dose-dependent pattern are directly modulated by the exposure in that experimental
setting.
Statement of Contribution/Methods
We performed an integrated time and dose modelling of the gene expression induced by the exposure to four
ENMs (TiO2, CB and two MWCNTs). We characterized the MOA of the different materials by retrieving the list
of DEGs that also show a dynamic dose-dependent profile (dddtMOA). Such analysis differs with respect to
the classical dose-dependent one since it also accounts for the kinetic effects of the exposure. Furthermore,
our method generates a point of departure (POD) label that simultaneously accountsfor the dose and time
effect. To investigate the interaction of ENMs with the immune populations, we performed a correlation
analysis between the dddtMOA and the dose-dependent alteration patterns of fourimmune cell populations
derived from BAL counts (neutrophils, macrophages, basophils, and eosinophils).

Results/Discussion
We demonstrated that DEG genes whose expression follows a dynamic dose dependent trend are effectivein
characterizing the effects of the ENMs exposures, highlighting both specific adaptation patterns of eachENM,
and their subcategories. The integrated modeling also informed on the effects of ENM on specific immune
populations at the molecular level. Interestingly, the dddtMOA analysis revealed the distinct effectof the ENM
physicochemical properties on the induced immune response, which varied across cell populations. Finally, we
highlighted a panel of 39 genes with conserved dynamic dose-dependent behavioracross the exposures and
reported three genes which correlated with immune deregulation in the lung, having the potential to inform
on lung immunotoxicity. In conclusion, the definition of toxicological points
of departure for key genes altered by ENMs exposures, both for apical endpoints and molecular responses,can
further promote toxicogenomic approaches in a regulatory context.
Funding information
This research was funded by the European Union Horizon 2020 research and innovation program
NanoinformaTIX (grant number 814426) and the Academy of Finland (Grant No. 322761).
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Data Management for Nanotechnology Risk Governance
Martine Bakkera, Damjana Drobneb, Nina Jeliazkova c, Antreas Afantitis d, Egon Willighagen e and Iseult Lynch f
a

RIVM, Utrecht, Netherlands; b University of Ljubljana, Ljubljana, Slovenia; c IDEAconsult Ltd, Sofia, Bulgaria; d
NovaMechanics Ltd, Nicosia, Cyprus; e Maastricht University, Maastricht Netherlands; f University of Birmingham,
Birmingham, UK

Background, Motivation and Objective
To deliver the EC Chemicals Strategy for Sustainability, the Green Deal, and to ensure that safe and sustainable
by design (SSbD) methods can be implemented, there is a need to manage data to ensure it can be shared
efficiently and effectively. The agreement of ways of achieving high quality data and subsequent data sharing
for the specific purpose of better management of nanotechnology risk governance has been the focus of the
three projects of the NMBP-13 call (Gov4Nano, NANORIGO and RiskGONE).
Statement of Contribution/Methods
The three projects have taken different approaches to data management. Gov4Nano and RiskGONE have
focussed on the implementation of nanosafety data and FAIR solutions, whilst NANORIGO has focussed more
on defining concepts and the needs of users. Together, the three projects have worked closely on ensuring that
the whole of the data management spectrum is covered in a way that enables nano risk to be managed and to
allow the implementation of tools and methods in the joint projects’ Nanomaterials Risk Governance
Framework (NRGF).
Results/Discussion
The three projects have collaborated closely and have developed several joint outputs. They have aligned their
data management plans in a way that is a learning lesson for other collaborative projects within a call topic
working towards shared goals set by the European Commission. A glossary of key terms has been produced to
help support the needs of the projects, but will also be a tool useful to future users of the shared data. Data
contained in different databases have been brought together and made interoperable. This has resulted in an
inventory of databases, including how they can be accessed, aligned and data shared using APIs. Agreements
on access, data curation and verifying and validating older project datasets to allow data reusability have been
put into place. This will allow a wide range of end users and stakeholders to access and re-use data helping
other implement SSbD strategies and to achieve the demands of the EC Chemicals Strategy for Sustainability.
Funding information
Gov4Nano, NANORIGO and RiskGONE have received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 814425, 814401 and 814530
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FAIR co-creation or FAIR herding?
eNanoMapper database, tools and workflows
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Background & Aims:
eNanoMapper is an open source platform for chemical substance data management which offers a FAIR-aligned
Nanosafety Data Interface (https://search.data.enanomapper.net) across physicochemical, bio–nano
interaction, human toxicity, omics, ecotoxicological and exposure data (10.1038/s41565-021-00911-6.). The
eNanoMapper FAIRification workflow (10.3390/nano10101908) enabled accumulation of the largest
searchable compilation of nanoEHS (Nano Environment, Health and Safety) data in Europe from multiple
completed and ongoing EU-funded projects. The data is also machine readable by means of REST API supporting
multiple serialization formats and standard authentication protocols.
Despite the wide agreement FAIR guiding principles are helping consistent curation and data reuse, the current
adoption mostly addresses findability and accessibility, and less the interoperability and “machine
actionability”, which is the core reason of introducing FAIR by the data professionals (10.1162/dint_a_00084).
In most domains, researchers are reluctant to change existing data gathering practices. For this reason the FAIR
advocates argue a cultural change is necessary and/or transfer the data to “data shepherds” or “data stewards”.
Methods:
Instead of imposing “structured” data entry formats, which are usually easy to parse, but are not native to the
daily experience of wet lab researchers, we opted to create tools to facilitate the conversion of familiar
spreadsheets into machine readable format, complying with a pre-defined semantic model. Community cocreation and harmonization of the data entry content and layout for different types of experimental techniques
is essential in this process.
Results & Discussion.
The eNanoMapper Template Wizard is currently consisting of a growing set of 50 data entry templates for a
variety of physicochemical, in-vitro, exposure and release experiments and omics metadata. The filled-in data
template can be uploaded to an online template validator tool, in order to verify its compliance, completeness
and consistency, visualize the data and convert into semantic formats. The Template Wizard is a community
driven approach towards harmonization of the template contents and layout. Data producers do not require
prior expertise or knowledge of the IT infrastructure in order to create FAIR data resources and collaboratively
work on metadata and ontology annotation. With easy to use and familiar tools for data entry and retrieval, we
aim to take note of and adapt to the user perspective and empower the scientists to handle their own data in
a FAIR way.
Keywords: FAIR, engineered nanomaterials, data management, Gov4Nano
Funding information: This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement 814401 Gov4Nano

249

117.
Evaluating data quality and completeness
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1
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Background, Motivation and Objective
Defining the criteria for achieving and evaluating data quality and completeness and creating a schema to
evaluate a dataset according to these is a highly complex and active area of research. Considering the
reproducibility crisis, it is essential to increase trust in publicly available data and provide users the confidence
that it can be safely reused.
Statement of Contribution/Methods
Data governance, FAIR, nanoinformatics, read-across and grouping, safe-by-design and other data-related
processes demonstrate the need for a clearly defined evaluation schema for data quality and completeness.
This has resulted in many parallel and interconnecting activities and the emergence of various schemes
expressed, among others, as minimum information checklists, completeness scores, or FAIR maturity
indicators.
Results/Discussion
In combination with the review of data management and digitalisation approaches, we initiated a review of
these evaluation schemas. Early results are presented including comparing the specific goals of their
development and proposed application areas.
Funding information
This work has received funding from the European Union Horizon 2020 Programme (H2020) under grant
agreement nº 731032 (NanoCommons, www.nanocommons.eu).
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2
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Background, Motivation and Objective
Public repositories store large and rapidly increasing volumes of toxicogenomics (TGx) data, constituting a
source of prior knowledge potentially valuable for chemical risk assessment. Despite the well-definedstandards
for omics data representations, to date most of those data are not able to fulfill FAIR principles (Findable,
Accessible, Interoperable and Reusable). This poses a relevant challenge concerning how to improve their FAIRness to unleash their full potential. One answer to this issue is a proper and consistent curation of the data.
Several solutions have been proposed to automatise the process through text mining and AI techniques, but
none has sought a compromise between curation automatisation and user active supervision while providing a
detailed GLP-compliant report to improve FAIR data quality.
Statement of Contribution/Methods
Here, we present ESPERANTO, a user-friendly tool developed in R/Shiny that performs a semi-supervised
curation of TGx metadata in compliance with GLP standards. “GLP-fication” is ensured by a detailed tracking of
each operation performed during the curation process and the reasons behind each corresponding decision.As
FAIR principles guide the researchers to evaluate the quality of each step of their data curation, the philosophy
behind ESPERANTO is to assist the user to think thoroughly about each modification before authorizing and
implementing it on the data.
Results/Discussion
Through a word(s)-matching algorithm, ESPERANTO evaluates input not-curated TGx metadata by comparing
to a precompiled reference vocabulary, resulting in a streamlined and standardized data curation and in an
enriched updated version of the starting vocabulary. Through an intuitive graphical interface, ESPERANTO
executes a semi-supervised pipeline to rename the dataset columns, delete duplicates and recode dataset
content consistently according to the vocabulary, or through direct editing by the user. The tool has a special
section containing preconfigured executable simple operations (i.e., string splitting for Agilent microarrays), but
also a template to customise by coding new functions the user may need. Once multiple datasets have been
curated, the tool allows to test whether their integration exhibits any criticalities due to differences and
potential inconsistencies among them and/or the vocabulary. ESPERANTO interprets OECDGLP-principles by
asking the user to exert active control over any real modification of the data, while it automatically tracks every
implemented change and for each one it requires a compulsory justification. This will result in an extremely
meticulous GLP-fashioned report in compliance with GLP principles. This tool will be a powerful resource
propaedeutic for pre-processing softwares like i.e., eUTOPIA.
Overall, ESPERANTO supports metadata harmonisation and integration in a flexible and user-friendly fashion,
allowing tailored analytical procedures and detailed GLP-compliant reporting. Although designed torun on TGx
metadata, the tool can curate datasets of all types, provided the reference vocabulary is changed.
Funding information
This study was supported by the European Union Horizon 2020 Programme under grant agreement No 814426
(NanoinformaTIX).
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A wisdom-of-crowd approach for ENMs safety concern prediction. Michele Fratello (Tampere
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* The experts that provided responses during the data collection process will be invited as co-authors of the
journal article. The experts are: Antreas Afantitis, Harri Alenius, Eliodoro Chiavazzo, Mary Gulumian, Piia
Karisola, Iseult Lynch, Giulia Mancardi, Georgia Melagraki, Paolo Netti, Anastasios Papadiamantis, Willie
Peijnenburg, Natasha Sanabria, Hélder A. Santos, Tommaso Serchi, Mohammad-Ali Shahbazi, Tobias Stoeger,
Eugenia Valsami-Jones, Ivana Vinković Vrček, Paola Vivo, Ulla Birgitte Vogel, Peter Wick, David Winkler
Background, Motivation and Objective
Engineered nanomaterials (ENMs) are being developed and incorporated into products faster than they can be
assessed by regulatory organizations. The regulatory evaluation process can be sped up by data-driven
methodologies that make use of publicly available data. We recently retrieved and manually curated a collection
of toxicogenomic data related to ENM exposures together with their physicochemical characteristics. We
noticed that despite efforts to make ENMs-related data FAIR (findable, accessible, interoperable, and reusable),
public repositories still lack sufficient information to allow the building of predictive models for ENM safety
assessment. To address this important issue, we applied a wisdom-of-crowd approach to annotate potential
hazards of ENMs for a variety of toxicologically relevant endpoints. We used a panel of experts to provide
educated estimates of the relationships between the selected ENMs and endpoints. Finally, we integrated the
expert responses with the curated toxicogenomic and physicochemical data that we recently curated to build a
predictive model for ENMs safety.
Statement of Contribution/Methods
The responses from the experts were modelled by means of a robust Bayesian hierarchical model that extracts
latent variables that define the global level of safety concern, as well as a concern score for each individual
endpoint. Of the 134 ENMs in the dataset, we selected the 81 ENMs for which physicochemical properties and
toxicogenomic data (in vitro data from human cell lines) were available. Unsupervised clustering methods were
used to group the ENMs into coherent hazard classes for each endpoint. These groupings were used to train a
gradient boosting classifier that uses both physicochemical properties and transcriptional profiles to predict the
ENM classes. We fitted single-view classifiers to each data layer (physicochemical and transcriptomic) and
compared their results with those of two different integrative strategies. The classifiers were trained using a 5fold cross-validation strategy repeated 10 times. We computed accuracy scores and the area under the receiver
operating characteristic (AUC-ROC) curve to estimate how well the classifier would perform on new ENM data
outside the training set.
Results/Discussion
The wisdom-of-crowd approach yielded 17 responses from the experts regarding 18 different endpoints. The
experts provided positive or negative responses to the possible connection between each ENM and endpoint.
This survey allowed us to distil the collective experience of a very specialized scientific field and use it without
the need for extensive laboratory experiments. This was especially true for some of the less studied endpoints
(e.g., nephrotoxicity and endocrine disruption in the context of ENMs) where information in the scientific
literature is scarce. Moreover, where these data were available, they were consistent with the wisdom of the
crowd. For example, gold nanoparticles are generally considered relatively innocuous while cadmium-based
quantum dots are collectively considered hazardous. A preliminary analysis identified an imbalance in the
frequency of the responses from the different experts across the endpoints. This bias was mitigated by using a
robust modelling strategy that led to the creation of hazard scores for specific ENM for each endpoint. These
scores were used to rank classes of ENMs from the least toxic (e.g., polymers, hydroxyapatite, gold), to the most
toxic (e.g., copper, cadmium-based quantum dots). Furthermore, data-driven analysis of the hazard scores
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generated a grouping of the ENMs into two, three, four or five hazard categories depending on the endpoint
under study. When considering the global level of concern, the ENMs are grouped into three classes: low,
middle and high concern ENMs. The classifier trained on the physicochemical properties performed better
(accuracies range between 76%-98%) than the ones built on the transcriptomic data (accuracies range between
49%-84%) for all endpoints. Interestingly, most of the classifiers reached the highest accuracy when predicting
the ENM groupings based on their likelihood of inducing asthmatic effects. Nonetheless, the transcriptomicsbased classifiers had very low levels of false negatives (a high concern ENM is rarely predicted as being of low
concern in all endpoints) and identified important mRNA-based toxicity markers. For example, RCC1L and
RAD52 are relevant to many endpoints, while MT1F, MT1G and MT2A are relevant for a subgroup of endpoints
comprising neurotoxicity, reproductive and intestinal toxicity, as well as environmental hazards and endocrine
deregulation and disruption. The integrative strategies, on the other hand, performed similarly to the classifier
based on the ENM physicochemical properties. It also allowed us to identify correlations between the mRNAbased markers and ENM characteristics, thus linking mechanistic effects to chemical properties. For example,
expression of the metalloproteases MT1F, MT1G, and MT2A is correlated with descriptors associated with
stability and solubility of the ENMs in various endpoints. This information will be useful for safe ENM
development (safe-by-design) as well as for performing targeted analyses to elucidate the mechanism of action
of ENM exposures.
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Background, Motivation and Objective
The growing trend of employing machine learning and data analysis methods in various disciplines and sectors
that are not strongly associated to informatics (e.g., experimental-laboratory analysis, regulatory institutions),
requires the use of algorithms by individuals or professionals who in many cases lack deep programming skills.
Thus, there is a need to access and utilize these techniques through easy-to-use, and intuitive environments,
which at the same time offer access to powerful computing tools without the need for code development. The
Isalos Predictive Analytics Platform addresses these needs, as it offers a plethora of ready-to-use, well-known
machine learning methods without the need of any coding skills. These methods can be implemented through
a user-friendly and easy-to-learn graphical interface. In this study we present and discuss, with the aid of case
studies from the so-called nanoinformatics field, the main features of the Isalos platform to facilitate data
analysis and modelling.
Statement of Contribution/Methods
Isalos Predictive Analytics Platform (in short Isalos) is a simple and user-friendly software application that allows
data manipulation and model development by non-programmers, as coding skills are not necessary to use the
platform. The software provides users with an intuitive tool for the development of robust and validated models
through menus, buttons, tabs, and spreadsheets; functions that are used regularly from any computer user.
The core concept in the operation of Isalos is that each tab acts like a node, where data are imported and
exported in a tabular format, following processing and transformation using specific functions (Fig. 1).
In the field of nanoinformatics, the read-across strategies are gaining attention as they allow the estimation of
endpoints of interest (e.g., nanomaterials’ adverse effects) based on similar-neighbouring data. These strategies
are considered ideal when dealing with relatively small nano-related datasets. The k-Nearest Neighbours (kNN)
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method belongs to the “lazy” (instance based) learning techniques, that classify an instance based on the k
closest training examples (neighbours) in the feature space. In case of classification problems, each instance is
assigned to the class indicated by the weighted majority vote of the k closest neighbours. In regression
modelling problems, prediction is calculated as the weighted average of the endpoint of the k selected
neighbours. This prediction scheme places the kNN method among the read-across strategies, as it requires
only a few neighbouring -in terms of similarity- nanomaterials, in order to predict the respective endpoint class.
Especially through Isalos, which integrates the EnaloskNN NovaMechanics KNIME node, stakeholders have the
benefit of acquiring not only the predictive results, but also the specific neighbours along with their Euclidian
distances, thus they are enabled to visualize the entire predictive space.
Results/Discussion
Three models are presented here, built and validated within Isalos and estimate different nano-related endpoints
(property-response variable) based on a set of relevant properties (descriptors). All predictive workflows were
built following the steps of data partitioning, normalization, variable selection, kNN modelling, validation
according to OECD principles, and reliability assessment. The models are:
• Two kNN/read-across “ecotox” models that predict the toxicological effects on Daphnia Magna of
freshly dispersed and 2-year aged nanomaterials.
• A predictive model of the cytotoxicity on human bronchial epithelial and murine myeloid cell lines (cell
viability) of metal oxide nanoparticles.
• A predictive model of the zeta-potential in water of individual or a set of engineered nanomaterials
based on physicochemical and molecular properties.

Fig. 1 Operational concept of Isalos platform. Isalos tabs act like nodes, where data are imported and exported
in tabular format. In between they are processed and transformed using specific functions.
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Background, Motivation and Objective
Current needs in both drug and material design render the development of robust and reliable in silico models
inevitable. Models and tools developed can greatly underpin the efforts for assessing the risk of chemical
compounds and (engineered) nanomaterials, reducing the time and resources spend in experimental activities.
However, while several predictive models have been built for assessing the toxic side-effects of small molecules
and ENMs, these remain unexploited by the wider community as the developed predictive models have not
been properly disseminated. All models developed should be integrated within a simple and user- friendly
environment to reach all interested users and facilitate decisions making.
Statement of Contribution/Methods
Enalos Cloud Platform (http://www.enaloscloud.novamechanics.com/) addresses exactly this need for a userfriendly interface that can produce in few steps toxicity predictions and property calculations for chemical
structures or ENMs through web-services. The integrated models are built on reliable open-source software,
including KNIME platform, WEKA, ImageJ, R etc., as well as proprietary software (e.g., Enalos+ nodes).
Predictions are performed shortly after data input and are accompanied always by an indication of their
reliability based on the results of the fully validated models running in the background. The produced results
can be downloaded for further analysis and exploration contributing in this way -depending on the type of the
background model- in the understanding of activity mechanisms and read-across similarities.
Results/Discussion
Enalos Cloud Platform hosts at the time of writing 23 predictive models released as web services that can
contribute to different aspects of material design and development, drug discovery, virtual screening of
chemical substances, nanosafety and safe-by-design (nano)materials. The platform is an easy-to-use portal
where web-services are arranged by categories of use (cheminformatics, nanoinformatics, image analysis,
exposure and biokinetics models) and projects so that users can quickly explore and choose the tool of their
preference. Finally, the web-services’ interface is carefully designed with the aim of being simple and userfriendly, to also allow users without any informatics background to easily use the models and benefit from the
produced predictions and results.
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Fig. 1 Screenshot of Enalos Cloud Platform landing page.

