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Towards a hano-specific, guantitative based and
human centric-SSbD Approach: Antibacterial
nanocoatings case study

1. Introduction

The need of applying a Safe and sustainable by design (SSbD) strategy to the
development of new chemicals and materials finds its main reference guidelines in the
EU SSbD Framework!. For nano-forms and nano-materials diverse quantitative and
semiquantitative SSbD implementation approaches have been investigated within the
nano-materials community. However, industrial implementation of the SSbD approach
within the engineered nanomaterials arena remains limited and requires support to
maximise the advantages of the framework. Towards this, the ASINA*"° and
INTEGRANO" projects aim to support the fast industrial uptake of nanotechnology by
providing SSbD solutions and supporting tools.

2. A general SSbD assessment approach based on quantitative
evidence

Here, a quantitative, case-specific, and human-centric methodology is proposed
supported by the artificial intelligence algorithm implemented within the ASINA and
INTEGRANO projects, enabling the selection of SSbD solutions by simultaneously
addressing multiple and composite KPlIs related to the safety, environmental, economic,
and functional dimensions. The methodology requires generating a harmonised data
set associated to a specified DoE matrix. The advantage is found in the inherent
minimum number of necessary and sufficient specific tox and eco-tox F.A.LR. primary
data required, which implies minimising the experimental burden, while reducing the
time and cost for developing each NM design case study. Indeed, a limited amount of
experimental samples representing design alternatives needs to be generated, whose
number depends on the number of key decision factors (KDFs) that are thought of
affecting the addressed key performance indicators (KPls).
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3. Case study — antibacterial nano-coatings

Case studies for the development of antibacterial nano-coatings investigated within the
ASINA project through the ASINA-ES decision support system are presented addressing
the NMs synthesis and incorporation life cycle stages. The need to integrate the
environmental and safety assessments through the development of nano-specific eco-
toxicity and human-toxicity indicators addressed in the INTEGRANO project will be
presented as an enabling approach for the exploitation of existing international
standardised assessment methodologies with defined protocols and metrics such as
ISO1040-44 for Life cycle assessment.

Figure 1b: By selecting one point in
performance space, ASINA-ES returns
the corresponding point in the
decision space (blue circled cross), by
specifying the values of synthesis Key i
Decision Factors (KDFs). .

TP 0.64

e 0.092
NaOH/Ag 0621 '

26 » G e 8 . /0.000

e 70,088
22 s _
Aureus)/costy 10 0.086

20

1.8
Figure 1a: Set of multi-optimal SSbD cases
(red spots) provided by the ASINA-ES in the
14 ™ multi-performance space whose

4 P o 10 iz HECAQ coordinates are the key performance
indicators  (KPIs)  for environmental
sustainability (GWP), Human toxicity
(HTTP) and composite antibacterial
functionality-cost KPI.
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4. Conclusions

The methodology presented is a case-specific evidence-based quantitative-approach to
SSbD within nanomaterials manufacturing, and which can be extensively applied across
materials and chemical development. This approach requires production of a restricted
set of experimental samples and generation of a minimum and sufficient number of
harmonised related data, leading to enhanced feasibility for implementation in
industrial research and development of design cases where minimal prior data is
available. This translates into research and technological development cost and time
reductions, with >95% reduction in time-to-market. The proposed SSbD methodology
corroborated by the MultiOptimal™ decision support system based on artificial
intelligence algorithms offers the product designer and decision makers with a refined
set of SSbD options on which informed human-centric decisions may be taken within
the framework of SSbD nanomaterials and nano-enabled products development. The
application of the methodology and the use of MultiOptimal™ for the specific design
case study addressed to the development of antibacterial nano-coatings, allowed
material designers from CNR to identify the best SSbD synthesis option starting from six
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representative design options. Indeed, the selected protocol for the synthesis of the
organic-inorganic nano-silver product complies with the lowest environmental impact
and the least human toxicity level attainable within the design space defined by the two
synthesis key decision factors (NaOH/Ag and HEC/Ag ratios), while the obtained product
offers the maximum functionality attainable among the different design options.
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