Advanced Characterisation Methodologies to assess and predict
the Health and Environmental Risks of Advanced Materials

Regulatory Research for Safety & Sustainability in the EU —
Advancements of international Harmonisation &
Standardisation Approaches and NAMs

SOT — 64th Annual Meeting and ToxExpo
16. = 20. March 2025, Orlando (USA)

2% The MACRAME project has received funding from the European Union’s Horizon Europe
Research and Innovation programme under grant agreement No. 101092686.

Associated Partners (i.e. (@) Swiss Partners and (b) UK Partners) have received national funding from
(a) the Swiss State Secretariat for Education, Research and Innovation (SERI), and (b) Innovate UK.



Overview of the Presentation — The Projects

MACRAME — Advanced Characterisation Methodologies to assess and predict the
Health and Environmental Risks of Advanced Materials,

CHIASMA - Accessible Innovative Methods for the Safety & Sustainability
Assessment of Chemicals & Materials,

INSIGHT - Integrated Models for the Development and Assessment of High
Impact Chemicals and Materials

PINK - Provision of Integrated Computational Approaches for Addressing New
Market Goals for the Introduction of Safe-and-Sustainable-by-Design Chemicals
and Materials
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Overview of the Presentation — The Projects

e Initial provision of proofs-of-concept for advanced characterisation, life-cycle
(impact) assessments (LC(I)As), test methods (i.e. Organisation for Economic
Cooperation and Development Test Guidelines and Guidance Documents) and
standards of advanced materials,

e Development of New Approach Methodologies (NAMs),

e Integration of mechanistic impact assessment frameworks and computational @
safe and sustainable by design (SSbD) models and workflows, and =

e Deployment of an advanced interoperability framework that enables both the
design and modelling of a new material’s or chemical’s functionality and safety, PTNK
based on tiered /n-silico approaches that combine existing and novel data. I

52y ’
&/ : -
- SOT - 64 Annual Meeting and ToxExpo

W) 3

b 16. — 20. March 2025, Orlando (USA)




The MACRAME R&I Approach:
... handing Outcomes to policy-informing Bodies

MACRAME Use-Cases MACRAME Outcomes
, — Standard Project
1.GRM in. = Submission Form
Water Filters ¢ X —] (OECD)

Methodsv

Optimisation

2.GRM in N Robust Summary
Batteries% l“ - Data-Sets

Data MACRAME

s Exposure-Point Stewardship  Control Materials - :
3.GRMin Car & Identification ° Library PTﬁ?”S'gtt'md'”tg ==] Data-Reporting
Wax Spray ' 4 & (Meta)-Data- Y é‘cé i d%r;] Caer S 1= geﬂ'('jmlf?‘tes &
Sampling Provision MACRAME - uidelines _ ;
Templates Information Illustration of the MACRAME R&I
4.CNTsin heated Contro- &= =1 New Work tem AR NI oiaies
Car Seats m Methods — = Proposals Materials in complex matrices; CF:
Z N 1 X =1 (VAMAS/ISO/CEN) Characterisation Factor; GRM:

graphene-related material; IATA:

5. PLGA-based integrated approaches to testing and

Recommendations X
inhalable = =—1 & IATAs for RA of assessment; LCA: Life-Cycle
antibiotics —1 AdMa@CMs Assessment; LCC: Life-Cycle-Costing;

C MFA: Material-Flow Analysis; RA:
Risk-Assessment; SSbD: Safe-&-

Sustainable-by-Design).
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Value-Chain Analyses: SSbD - LCA - LCC — MFA—RA (incl. CFs)
Harmonisation & Standardisation: OECD - VAMAS — CEN/ISO




The Context of the MACRAME R&I Strategy
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Harmonisation & Standardisation of (Nano)Materials — A brief History

‘classic” Standardisation of Nanotechnology & Nanomaterials \

e e Regulatory relevance of Nanomaterials Safety
(2005)

CEN/TC 352 Nanotechnologies | OECD’s Working Party on
(2005) Manufactured Nanomaterials

ASTM International A7) PRRG (Al = A02)

Committee E56 on NANOREG (2013 — 2017) SSbD Framework (by JRC)
Nanotechnology (2005) PROSAFE (2015 — 2017) (2022)

IEC/TC 113 Nanotechnologies | NANoREG II (2015 — 2019)

for electrotechnical products MACRAME (2022 — 2025
and systems (2006) NanoHarmony (2020 — 2023) ( )

CHIASMA (2024 — 2027)
INSIGHT (2024 — 2027)
PINK (2024 — 2027)

M AC RAM E SOT — 64t Annual Meeting and ToxExpo c
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Harmonisation & Standardisation of Nanomaterials

: Characterisation Characterisation Exposure and Performance
Termlnoloqv Meas'urement Graphene (Cther) Risk Evaluation
I1SO Achieved 18 Achieved 8 Achieved 13 hi hi Achieved 3
On-going 7 On-going 6 chieve Achieved 27 Achieved 23 Chieve
On-going 8 On-going 2 On-going 11 Ongoing 3
Terminology Measurement Charaoctﬁ;iﬁation EXDO;?;E = Other
CEN Achieved 7 Achieved 5 A(—)h' d1 Achieved 19 Achieved 4
On-going 5 On-going - CRIEVE chieve
On-going 3 On-going 11
Physico-chemical Human Environmetal Environmental =l @ L
OECD Characterisation Toxicology Toxicology Fate Achieved 1
Achieved 5 Achieved 5 Achieved 1 Achieved 1 Onaoina 1
On-going 5 On-going 5 On-going 4 On-going 3 going
215 Standards! But we still have gaps

[snapshot as of September 2023; courtesy: MACRAME Partner TEMAS Solutions]
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(Nano)Materials Standardisation Gaps (September 2023)

Dispersion in test samples Invertebrate toxicity
Detection in complex media Plants and algae

Guidelines for explosivity Phvs- Microbial toxicity

Methods for oxidising properties Chg?n Ecotox Toxicity in birds or mammals
Reference materials for dustiness (A)biotic degradation

Stability in relevant media

Transport in air
Data Description ST Methods for ultrafine particles

Data Curation Transport in water
Data Quallty U Data mental \f Bioaccumulation
Skin sensitisation. FAIR Data Fate Biomagnification

Phototoxicity Transport in soils
Toxicity by dermal route

Phototoxicity :
Dosimetry

Pre-natal toxicity - A
' iCi . . nflammation
IRniﬂaﬂ(u)glxviiisxmty In vivo In vitro () Skin irritation/corrosion
Neurotoxicity Absorption Oral/dermal
Endocrine disruption In vitro Cell toxicity
Genotoxicity — comet assay

[snapshot as of September 2023; courtesy: MACRAME Partner TEMAS Solutions] ~ Reactivity | n
Reproductive toxicity ——
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Regulatory relevant R&I in MACRAME:
Characterisation & Testing of AdMas in complex Matrices

Cell line-based models D Regulatory outlook In vitro and ex vivo Models that will be

Primary celrbased models || Exploratory models assessed within the Project, indicating the
Eetimated estimated cost that can be saved and MoA-
- . Mode of Action i :

"""\ Advanced in vitro models Cost/Test Savings I formatton Information that can be obtained at the

[EURO] (OECD 403 | OECD 413) different tiers.
Alveolar ' o
macrophage 19%
Qo
Bronchlal Alveolar 8% 8%
model model _

Ex-vivo models Screening methods Estimated

Contact: Tommaso Serchi
(LIST)

— 80000

Regulatory readiness

Increasing biclogical complexity

Ex vivo Ex vivo
Upper airways Low jer airways
Regulatory accepted Test OECD 403 Acute Inhalation 11700
# fetrestm. CostEROL - OBCD 412 Repeated Dose Inhalton (26d) 105500 2 3 FFiesTh |‘|: $/\I/|1"ne?: lls OECD249 (GAIKER) 2 Ngcm: Igaef OECD201 (GAIKER) - DS pt’:nia OECD202 (GAIKER)
- & . gill-W1: rainbow trout, gills * D. subspicatus, + Daphnia magna,
OECD 413 Repeated Dose Inhalation (30d) | 250000 S @+ RIL-WI:rainbow trout, iver (GAIKER) + C. vulgaris OECD201 (UoB) « Daphnia sp. OECD202/0ECD211 (UoB)
38 * ZF4: zebrafish, embryonic (UoB)
u“:j' 8 « ZFL: zebrafish, liver (UoB) Development of a MACRAME
> - . Decision Tree
. _ ; géa Acute (24-48h) screening 1,2, 3 JeEUCENIGROTIY (based on OECD THRESH FISH)
S8 U RO B W b AU Bl Subchronic (48h-2 wks)  low/repeated d (WA Cytotox, barrier, intracell. fate
oo o = ow/repeated aoses y ) s . .
ecotoxicity testing approach and outcomes. [ . Y S::zzt.':t"eﬁ:.r:g:n?::gse:f:'; o
Contact: Iseult Lynch (Uni Birmingham) & Alberto Katsumiti (GAIKER) Chronic (72h-21 days) low/repeated doses VIS Reproduction, multi- generation effects
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Sibling Projects

HORIZON-CL4-2023-RESILIENCE-01-21.: HORIZON-CL4-2023-RESILIENCE-01- HORIZON-CL4-2023-RESILIENCE-01-
Innovative methods for safety and 22: Integrated approach for impact 23: Computational models for the
sustainability assessments of chemicals assessment of safe and sustainable development of safe and sustainable by

and materials (RIA) chemicals and materials (RIA) design chemicals and materials (RIA)

>>> decreasing experimental (lab) work >>>

>>> increasing /n silico work >>>

%’_J%f_/

Sharing of Case-Studies of specific Integration of shared computational Methods
Chemicals & Materials

total budget: € 23.2 Mio. (ca. 34 from EU, a2 non-EU) ¢ 37 individual Research Institutions; ¢ Jan. 2024 — Dec. 2027
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Accessible Innovative Methods for
the Safety & Sustainability
Assessment of Chemicals & Materials

The CHIASMA Project has received funding from:

e The European Union’s Horizon Europe +
. Research and Innovation programme
ot under grant agreement No. 101137613.

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

Federal Department of Economic Affairs, |
Education and Research EAER = :
State Secretariat for Education, ol g | |
Research and Innovation SERI

UK Research
and Innovation

National Research
Foundation of Korea

KL



The CHIASMA R&I Approach

Combining an iterative
approach of;

llllll

Availabilit | .
ofegi?ting (1) chemocentric,
dta ! X

Integration with Life-Cycle (2) b locentri C d nd

Impact Assessments

(3) new experimental

Models models

Regulatory into a conceptual
eeeed framework for data-
Data-integration, - integ ration and -
processing & -analysis p roceSSi n g .

Need for new
experimental
Data

Illustration of the CHIASMA R&I approach to testing and assessment of materials.
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In vitro experimental NAMs

=) Primary human keratinocyte

cell culture medium

Dendritic-like cells (THP-1)

® Macrophages
(PMA-differentiated THP-1 cells)

& Alveolar type Il epithelial cells (A549)

Endothelial cells (EA hy926)

cell culture medium

surfactant

Enterocytes (Caco-2 MTB-37 cells)
| Goblet cells (HT-29 MTX cells)
w M cells (Raji-B cell stimulated Caco-2 ¢

cell culture medium
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skin 3D in vitro model
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alveolar 3D in vitro model

B 1)
||

mucus

| [

External Barrier

(L
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R
el

EMPA:
RHE models

LIST:
alveolar model

EMPA:
smallintestine
I~ model

AlT:
Blood-Brain
¥ Barrier spheroid

/F EMPA:
( placental barrier
model

\

Liver and Kidney

Repro-/ Developmental

Toxicity
" A [ & UniTOV:
liver spheroids placenta-embryo
-
‘ model
VU:
proximal tubule C\Y“? NMBU:
cell and iPSC- ¥ gonadal model of
derived models fish sperm
NMBU:

IUF:
BrainSpheres
DNT in vitro battery

neuro-endocrine ex vivo
culture complexes

intestinal 3D in vitro model

Laboratory progression of the
NAMs

NAMs development workflow in CHIASMA

Benchmarking & verification

of the NAMs using known
reference chemicals

Inter-laboratory and
transferability in-project
validation

Applicability domain study
on the 3 chemical/materials
groups

Integration into the
CHIASMA-framework

\l
CHIASMA
/ 9
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Bulk vs single cell transcriptomics and reproducibility of
NAMs-derived OMICS data

Identified Cells
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Integrated Models for the Development and
Assessment of High Impact Chemicals and Materials

The INSIGHT Project has received funding from:

-

The European Union’s Horizon Europe Research
and Innovation programme under grant
agreement No. 101137742.

+

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

Federal Department of Economic Affairs,

Education and Research EAER
State Secretariat for Education,
Research and Innovation SERI

\ National Research

' Foundation of Korea

Funding Agency
Australia

ﬁ UK Research

and Innovation
Funding Agency
USA

A FAPESP

FUNDACAO DE AMPARO A PESQUISA
DO ESTADO DE SAO PAULO



INSIGHT’s R&| Approach

o U1 AW DN —

DECISION SUPPORT SYSTEM INSIGHT COMPUTATIONAL INSIGHT INTEGRATED
(WP4) FRAMEWORK IMPACT ASSESSMENT (SShD)
(WP2 - WP3 - WP4) (WP5)

Life Cycle thinking approach, identification of relevant data and models
Development of the model graph

Development of the data graph

FAIRIification of models / research software & Data

Definition of integrated mechanistic models of impact

Development of the Decision Support System & INSIGHT framework GUI

@



PLNK

PROVISION OF INTEGRATED COMPUTATIONAL
APPROACHES FOR ADDRESSING NEW MARKET

GOALS FOR THE INTRODUCTION OF SAFE-AND-
SUSTAINABLE-BY-DESIGN CHEMICALS AND




The PINK R&I Approach

integrating the
SSbD Framework

INto t
deve
of Ad

ne
opment cycle

Mas&Chems

>PINK

Multi-objective optimisation integrating Material life cycle

Material
development stage

and value chain

functionality, safety and sustainability

Discovery & ideation

Read-across + increasing amount of information from earlier material development stages

Lab-scale demo

Pilot-scale demo

Multi-objective decision support system based on generative Al for simultaneous,
weighted optimisation of functionality, safety and sustainability

Manufacturing

Use

Decision support:

proposing direction

End of use

>PINK

Innovative modelling software

Inp
Charactensatlon functlonallg
hazard, exposure, LCA, LC

=

Candidate

Testing and
generation &

start of
new cycle
for further
development

Output:
Refined list of candidate
AdMas&Chems with improved profile

Design / redesign need

& Threshold accepfawce

(a
A\JJ A

Registration / market introduction

Sustainabili

Performance
e

Cost/economic efficienc

M Threshold acceptance

/ preparedness ' > P I N K
Developmental Case
Studies & Industrial
Demonstrator

g
onomic viability

SOT - 64th Annual Meeting and ToxExpo
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The PINK tiered Approach

>PINKISH

R,ﬁg?,?- 5/6 high low

... PINK Tiered
Approach (i.e.
PINK In Silico Hub
(PINKISH)), (right)
compared to the
hierarchical
approach
described in the EU
SSbD Framework
(left).

Multi-objective
optimisation and
selection (Tier 3)

Multi-objective
optimisation and
selection (Tier 2)

£

1 JuswadojpAaq waygeNpY

(SIWYN) poyaw juawssasse jojndybnoiy |

~ S[9A%] 22uapuos pue sjuswalinbal ejeq

Multi-objective
optimisation and
selection (Tier 1)

Explora- :
b 1 low high

Integrating & synergising data from rational design, costs, safety, sustainability and social assessment

> P I N K SOT - 64th Annual Meeting and ToxExpo

16. — 20. March 2025, Orlando (USA)
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Steffi Friedrichs

ﬁ

AcumenIST SRL =\ w N\
Steffi@AcumenIST.com & < \\\2
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Thank you

WWW. macrame-project.eu

The MACRAME Project has received funding from:

The European Union’s Horizon Europe Research and + Schweizerische Eidgenossensc haft Federal Department of Economic Affairs,

Innovation programme under grant agreement No. Confédération suisse Education and Researc h EAER ﬁ Innovate

101092686. Confederazione Svizzera State Secretariat for Education, UK
Confederaziun svizra Research and Innovation SERI

Swiss Confederation


http://www.macrame-project.eu/
mailto:Steffi@AcumenIST.com

Setting References:

The MACRAME Control Materials Library

Link to
Product

Criteria for the selection Interesting Features

Exemplary Excerpt: Table 2: Materials of the CML selected for the development and validation of
controlled aerosol generation (Task 2.2).

Also used in other
projects

Name Supplier
Nanotubes
MWCNT test au(e(o[o)] BAUA
material Repository
Graphitised OECD
MWCNT Repository
MWCNT Baytubes C150P  BAUA

Repository

Aligned NG01AM0102 nanografi
flexible
MWCNT

Loy el Ea NGO1MWO0501 nanografi
50 nm

Serves as default testing High dustiness, medium degree CarbolifeCycle,

material for method of entanglement, mean
development, available in large diameter ~35 nm, mean
quantities length ~1-2pm

Positive control for fibre Rigid and long fibres, easy to
paradigm (rigid), test with p- disperse, >20% WHO fraction
Dishes

Negative control for fibre
paradigm (NM400 not a real
one), test with p-Dishes

Thin commerical CNTs marketed Bundles are very long up to 95
as beeing produced in such way pm.

that they are aligned and

bundled, test with p-Dishes

Presumed to be a mixture of
more flexible and less rigid
MWCNTSs (proportions), test
with p-Dishes

SOT - 64t Annual Meeting and ToxExpo
16. — 20. March 2025, Orlando (USA)

NanoGRAVUR,
InnoMat.Life,
HARMLESS,
NanoHarmony

older BAUA projects

not yet
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https://macrame-project.eu/launch-of-the-macrame-control-material-library/

Developing SOPs:
The MACRAME Sampling Approaches & Protocols

The MACRAME Project has published its first
set of 'Sampling & Sample-Provision
Protocols for AdMas in complex Matrices’, in
order to guide the sample collection that
needs to be performed at the MACRAME
Use-Case (UCs) sites prior to sending the
samples to MACRAME laboratories for
testing. Such sample collection is

High Shear Mixin Casting
Epoxy + FLG + Hardener

Cycle 1: 80 °C, 12h '

Cycle 2: 120 °C, 4 h Exemplary Excerpt (Use-
Case 5: PGLA): Figure
12: PCL-samples.

Cured epoxy plates (23 x21 x 0.4 cm)

> W

Exemplary Excerpt (Use-Case 2: BMS): Figure 3: Fabrication of Epoxy-FLG

composite plates. Epoxy alone or epoxy-FLG composite are mixed with hardener
(Baxxodur EC 301), moulded and then cured in the oven at indicated
temperature cycles. The plates obtained after curing were used for abrasion.

= https://macrame-project.eu/sampling-sample-provision-protocols-for-admas-in-complex-matrices/

4 MACRAME
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https://macrame-project.eu/sampling-sample-provision-protocols-for-admas-in-complex-matrices/

Recommending Pathways towards Impact:
The MACRAME Harmonisation & Standardisation Roadmap

Define a minimum set of physicochemical parameters of the pristine material
to be measured in the biological media

Fit for purpose protocols for cells exposure (e.g. dispersion protocols in cell
media)

Development spectrometry and microscopy methods for the identification of
GRM in cells and tissues (dosimetry)

Harmonisation of the biological endpoints

The MACRAME Project just published an
important milestone report: the ‘"MACRAME
Harmonisation & Standardisation Roadmap

f = Methods and . .
laz?enlqs?—rzegcfriocr;mot:ir[:jeAsCaRnAdMsErwhjrfwtags:satnr]e Exemplary Excerpt: Figure 4: Bar chart representation of the workshop

s 20 NS MUl participants’ opinions regarding the identified priorities for robust
eveljopment an vancement o 5 o o o E=

Charactg,-is_ation.&Test.Methods & toxicological and ecotoxicological assessment. Participants have been
i 5 i iy s requested to rank the proposed options between 1 and 5. The average of

activities pertaining to the i
42 answers is reported.

- https://macrame-project.eu/out-now-macrame-harmonisation-standardisation-roadmap/

SOT - 64t Annual Meeting and ToxExpo 22
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https://macrame-project.eu/out-now-macrame-harmonisation-standardisation-roadmap/

Recommending Pathways towards Impact:
The MACRAME Harmonisation & Standardisation Roadmap

... main results: A project is not an island

2023-2025 2025-2027 2027 -

Harmonisation of missing methods on main physico-chemical properties (chemical >
.

composition, structure, lateral size and number of layer) for the main GR2M as raw
material

Harmonisation of minimum set of physico-chemical parameters to be measured to
support reliable toxicological assessment

The MACRAME Project just published an Harmonisation of controlled sample dispersions generation (dispersion protocols) to
important milestone report: the '"MACRAME sal P persi g [ ISpersion p

Harmonisation & Standardisation Roadmap support dosimetry (adaptation of OECD Guidance on Sample Preparation and
Summary Report for MACRAME Methods and Dosimetry (GSPD)

Models'-report combines and summarises the
Project’s activities in the field of

‘Development and Advancement of . . L
Charactercation. & TesEMetFiods &- Metheds for GR2M detection and quantification in tissues

Protocols’ (Project work package 2) with the

activities pertaining to the Exemplary Excerpt: Figure 5: Tentative overview of gaps identified in MACRAIV[E and tentative
timeline to move them towards standardisation during and beyond the MACRAME Project.

—
L

roject.eu/out-now-macrame-harmonisation-standardisation-roadma

SOT - 64t Annual Meeting and ToxExpo
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