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1 Summary

TEMSOL collected literature and existing experience on training and education in the field of
nanotechnology. The literature review aimed to support future training activities and to
understand what the needs are for potential trainees. It also supports the understanding of best
practices and effectiveness of different training and educational methodologies. It highlighted that
the main barriers for an effective training and education in nanotechnology is the educational
background of the audience. In addition, the literature review revealed the need of “educated and
trained” teachers or course leaders in the topic of nanotechnology.

Then, TEMASOL organized and conducted an online workshop entitled “"Nanotechnology and its
implications to society: Training session on risks, benefits and governance” for scientists at early
career stages (PhD students and post-docs). Five topics were covered during the workshop: 1)
Perception of risks and benefits; 2) Safe-and-sustainable-by-design; 3) Risk assessment; 4) Risk
governance, and 5) Regulation for nanomaterials.

2 Description of task

Task 3.3 aims to interact with people from civil society on the one hand and (re-)insurance
industry on the other hand. Its aim is to facilitate out-of-the-box thinking related to current
experimental, informatics and modelling practices and to enable civil society to form their own
non-biased opinion. Key actions consist in:

- Developing and conducting training and education activities with civil society and (re-
)insurance industry

- Evaluating the risk perception indicators and providing feedback to Tasks 3.1 and 3.2.

To this aim, lectures, training and education activities were built and suggested to these
stakeholders.

3 Description of work & main achievements
3.1 Background of the task

The overarching objective of the Gov4Nano project is to develop a proof of concept of an efficient
and effective risk governance process for nanotechnologies, encouraging a participative and pro-
active form of governance. In this aim, the organisational form for nano risk governance will
involve all relevant stakeholders, including civil society and insurance industry, understanding
their needs and concerns about nanotechnology to overcome any barriers to stimulating their
dialogue. Activities addressing training, education and out-of-the-box thinking will on the one
hand enable the project partners to understand how training and education can help various
audiences build their opinion on such an emerging and fast-evolving technology, and on the other
hand help raise awareness and involvement from such stakeholders.

Within WP3, specific focus is given to two specific stakeholder groups: civil society and (re-
)insurance industry, to understand how their risk perceptions are formed and how risk
communication is communicated and received. Another (related) WP3 objective is to elaborate
and conduct training and education activities to help stakeholders build their own opinion on
nanotechnology. Task 3.3 and the present deliverable (D3.6) are dedicated to these training
activities, which are described below.
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3.2 Description of the work carried out and methodology

3.2.1 Literature review

TEMASOL collected literature and existing experience on training and education in the field of
nanotechnology. The literature review aimed to support future training activities and to
understand what the needs are for potential trainees.

3.2.2 Workshop for training in nanotechnology safe-and-sustainability-by-design,
risk assessment and risk perception and associated survey on risk
perception

An online workshop entitled "Nanotechnology and its implications to society: Training session on
risks, benefits and governance” was prepared by TEMAS Solutions for scientists at early career
stages (PhD students and post-docs). Invitations to the workshop were sent to members of the
group Early career researchers in nanotechnology, of NMBP13 projects (Gov4Nano, NANORIGO,
RiskGONE), NMBP15 projects (ASINA, SABYDOMA, SAbyNA, SbD4Nano) and to all working groups
of the NanoSafety Cluster. Five topics were covered during the workshop: 1) Perception of risks
and benefits; 2) Safe-and-sustainable-by-design; 3) Risk assessment; 4) Risk governance and 5)
Regulation for nanomaterials. Literature reviews and the authors’ own knowledge were used to
create the content of the workshop, which was divided in three parts:

e Introductory lecture to the various topics of the workshop (30 min);

e Brainstorming session in groups of 3 to 4 participants (2h45, in Zoom breakout rooms
using a Mural training support);

e Restitution of ideas and feedback from each group to all participants (45 min).
The workshop was associated to two questionnaires:

e The first questionnaire was sent to all registered participants to understand their
perceptions of nanotechnology. It was divided in four sections: 1) General information and
knowledge of nanotechnology; 2) Training in sustainability, safety and risk assessment; 3)
Perception of nanotechnology and 4) Trust in nanotechnology governance. It contained 26
questions in total.

e The second questionnaire was sent to all attending participants (14 people) to get feedback
on the workshop and comments on potential improvements. It includes 3 sections (1 -
General feedback; 2 - Introductory lecture; 3 - Brainstorming session) and 17 questions
in total.

3.2.3 Insurance
Script Development

The activities surrounding insurance companies started with the production of a script to approach
them based on why Nano Risk Governance was an important topic to be taken into account by
the (re)insurance sector. The main items of the script are highlighted below:

e A proactive risk management approach to address emerging risks is essential to avoid
unnecessary material and financial losses, linked to workers, consumers, and environmental
health, and to avoid legal charges of negligence

e Insurance companies are at the forefront to provide risk management consultancy for non-
conventional (emerging) industry sectors, but not all companies are looking for insurance, or
are aware that they might need insurance support

e Risk management of a technological application at a country level is translated as Risk
Governance. EC is developing a model for emerging risks governance, starting with
nanotechnology, but already considering advanced materials and new products
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e While nanotechnology currently on the market is covered for the most part by regulations,
there is a future where new nanotechnology applications (e.g. active nanoparticles) will be
developed, creating new risks which need to be addressed from now (creating products and
approaches for the business of the future)

e Insurance is a key stakeholder of governance of an emerging technology application, and
they should be an active part of the governance process, which could then be translated into
applicable (business) knowledge and development of tools for insurance needs

e Insurance aim is to reduce uncertainty to be able to quantify risks properly and have at
the same time proper and effective risk management processes, so models, data and other
tools that could support this scope are useful

e In addition to the advanced services, there is a need for insurance products that can be
applied to SMEs, and that can be less tailored and more generic, to allow for a faster, and at
the same time safer implementation of advanced materials in products.

The activity was structured in two phases. The first phase was based on a survey, delivered with
a google form by email. The aim of this first short survey was to collect preliminary information
on risk management and the process by which the risk is determined and managed. An optional
interview, followed in some cases, either face to face or by phone. The interviews content was
based on the answers to the surveys, including the process taken to get to the responses, as well
as questions regarding what information was needed about the emerging risks before making
these informed decisions.

Incentives:

e Introduce insurance needs in the growing risk governance community

e Promote development of specific training material tailored to insurance needs to address
risk management of emerging risks also at local agency level

e Increase the pace of translation of tailored special insurance service into general
marketable products for SMEs (increasing the market)

e Benefit from outcomes of our interviews with small and medium nanotechnology
companies about their needs of insurance products

e Benefit from the results of governance EU projects in terms of knowledge, strategies, and
methodology platforms for risk governance.

Presentation material

The following preparatory material was produced to approach the (re)insurance sector and
discussed with the Swiss Insurance Association.
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3.3 Results

3.3.1 Review on nanotechnology education at primary and secondary levels (or K-
12)

Nanotechnology is recognised as a new modern science field, with a fast-growing associated
market. The increasing demand for qualified nanotechnology workers and supporting jobs in
nanotechnologies requires to build a suitable scientific workforce. Therefore, it is necessary to
integrate nanotechnology-related concepts into students’ curricula, in order to prepare an
educated researchers and scientists workforce (Blonder and Sakhnini 2015). However,
nanotechnology is highly interdisciplinary in the Science, Technology, Engineering and
Mathematics (STEM) field as it integrates, among others, concepts from chemistry, engineering,
physics, biology and computer science.

To date, education in nanotechnology occurs mostly in the system of postgraduate and doctoral
studies, as the foundational knowledge related to nanotechnology is included in the standard
curricula of university study. While the most significant education in the field of nanotechnology
takes place at the university level, it is also of high relevance to include science curricula at the
beginning of educational careers, hence to a full-spectrum of students from K-12 to postgraduate
studies (Poteralska et al. 2007). Indeed, the need to scaffold STEM education in K-12 for next
generations of careers is more apparent than ever (Curreli and Rakich 2020).

Using a google search (keywords “education” AND “nanotechnology”) we have identified 151
Master degree programmes, 70 Bachelor degree programmes, 39 PhDs degree programmes and
30 other programmes like certifications currently available in 30 countries. However, we did not
find a comprehensive and exhaustive list of training and educational activities for younger
students in nanotechnology. This is mainly due to the fact that each school can decide to
undertake “specific courses” as extra-curricular.

Experiences in nanoscience and nanotechnology education

The need of training and education activities is not a new issue for the European Commission.
Indeed, in 2005 the Nanoscience and Nanotechnology Action Plan of the European Commission’s
strategy for nanotechnology aims to promote network and “dissemination of best practices for
education and training in nanoscience and nanotechnology”. Since 2005, a wide range of
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educational activities on nanotechnology raised. For example, the European Project NANOYOU
organised a range of education activities such as posters, films, games and lab experiments for
students aged 11-18.

The EU project NANO YOU (Nano for Youth, https://nanoyou.eu/index.html) was founded by the
European Commission’s Seventh Framework Program and aimed to increase the basic
understanding of nanotechnology for people aged 11-25, with two objectives: carrying out a
strong curriculum education for students aged 11-18 and a wide variety of activities in science
centres for people aged 18-25. The project also aimed to engage in the dialogue about its ethical,
legal and social aspects. The associated web portal offers videos and posters informing about
nanoscience and nanotechnology, online animations, and virtual experiments, as well as virtual
dialogues to enhance students’ discussion on the forum of the project website. Other activities
include an introductory workshop to nanotechnologies and a role play workshop where participants
are invited to play the roles of different stakeholders. It is worth noting that the website hosts a
dedicated session for teachers where training kits for different age groups are available. An
educator blog was also organised to share experience. The teacher training kit is a fundamental
resource for whom attended the NANO YOU project; it covers both the fundamental concepts in
nanoscience and nanotechnology and the applications of nanotechnology. Both modules include
background materials, literature and specific case studies. By providing tools to both students and
teachers, and integrating both theoretical and experimental approaches on various aspects of
nanotechnology, the NanoYou web portal appears as a complete tool for nanotechnology training
and education.

In a similar fashion, the TIME for Nano Project aimed at engaging the general public, with a special
attention to young people, on benefits and risks related to nanoscale research, engineering and
technology. Educational products and materials (i.e. NanoKIT) were developed and events (i.e.
"Nanodays", days of seminars, workshops, theatre, board games) were organized in the science
centres of the nine countries that collaborate in the project.

The concluded NanOpinion EU project developed an educational programme in collaboration with
scientists and teachers. The programme offered modules with educational resources easy to
implement in the science curriculum at secondary school level for all teachers and educators
interested in teaching nanotechnology.

Despite the success of the above-mentioned EU projects in the time when they were conducted,
to date, they are not active anymore, although NANO YOU still provides a wide range of tools on
its website.

The National Nanotechnology Coordinated Infrastructure (NNCI) (https://nnci.net/about-nnci) is
a U.S. Government research and development (R&D) initiative ongoing since 2000, involving 20
departments and independent agencies and built in an effort to support a network of stakeholders
by providing a robust infrastructure and toolset. With the support of the NNCI, nanotechnology
R&D is taking place in academic, government, and industry laboratories across the United States.
The NNCI promoted several educative initiatives and its efforts span from pre-K to PhD students.
Educational resources are also provided to teachers (K-12 classes). Each site within NNCI conducts
its own education. For example, the Montana Nanoscale facility promotes education and outreach
activities such as: short course for K-12 science teachers, short course for graduate students and
one-week in-residence course to give participants a first-hand experience in nanomanufacturing.
It also provides a web portal with digital library technologies supporting learning resources on
nanotechnologies and instructional activities that integrate the basic science and pedagogic
methods.

The non-profit organisation Omni Nano developed a methodology to introduce the fundamentals
of nanotechnology to high school and undergraduate college students. The Omni Nano model was
recently presented by (Curreli and Rakich 2020) as an experience that can enrich student learning
experience at elementary and secondary levels, helping them with the necessary skills to tackle
new challenges in nanotechnology.

Gov4Nano Deliverable 3.6
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The Omni Nano model is organized in online and in person workshops, structured as multimedia
slide presentations. The workshops are structured in different sections, addressing
nanotechnology history, the relation of the nanoscale to other dimensional scales, nano-specific
properties and nano-applications.

Overall, education in the field of nanoscience and nanotechnologies is supported by advanced
communications techniques and multimedia in the form of information portals, Internet
databases, on-line seminars, training via Internet, education with the use of multimedia, etc.
Table 1 describes a few initiatives providing resources for teachers and students. The list and the
short description of the activities provided can be further discussed in view of the plausible role
that organisational form for nano risk governance could play in education and training.
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Table 1: Online resources for teachers and students nanoscience and nanotechnology education

Organisation Description

UnderstandingNano Lesson plans on three topics: Introduction to Nanotechnology,
Nanotechnology in Medicine, Environmental Nanotechnology

Exploring the Nano World Collection of videos and course material for teaching K-12 students
about nanotechnology. Prepared by the University of Wisconsin.

National Center for Learning and | Courses and workshops available for teachers
Teaching in Nanoscale Science
and Engineering (NLCT)

National Nanotechnology Provide educational resources for K-12 students, K-12 teachers, college
Initiative (NNI) and postdoctoral opportunities
National nanotechnology K-12 reference sheets, resources for virtual classroom, curriculum

coordinated infrastructure (NNCI) | material form elementary to high grade level

Nanotechnology Application and |Teaching resources, Nanotechnology workshop, Nanotechnology and
Career knowledge (NACK) professional development opportunities

nanoHUB Free platform for computational research, education, and collaboration
in nanotechnology, materials science, and related fields. Provides nano-
educational resource databases for students at several education
grades

NanoYou Tools for teachers and students aged 11-25. Videos, posters, virtual
experiments, discussion forum

Irresistible Project Teacher guide and student material — activities for nanoscience and
nanotechnology education

Learnings and recommendations

There are several barriers to nanotechnology education in K-12 curricula. First, the need for a
multidisciplinary approach makes it difficult to decide in which of the already defined subjects
nanotechnology should be included. Second, the rapid pace at which nanotechnology is developing
entails difficulties in keeping track of the latest developments. Third, the novelty of the field leads
to the lack of teacher training, which has nevertheless been identified as one of the challenges to
effective STEAM (Science, Technology, Engineering, Arts, Mathematics) education i.e. to
classroom K-12 (Herr et al. 2019).

The present literature review therefore highlights the need of educational programmes at
elementary and secondary level to prepare students with the necessary skills to be efficient
workers in the nanotechnology field. Past experiences also teaches us that the effort of single
projects are not enough, but longer-lasting organisations such as the NNI, where the different
stakeholders of academia and industry are able to collaborate on the long term, seem to work
better.

3.3.2 Workshops for training in nanotechnology safe-and-sustainability-by-
design, risk assessment and risk perception and associated survey on risk
perception

Questionnaire on perception of nanotechnology

The questionnaire on perception of nanotechnology was sent out to the 19 registered participants
and sent back by 15 participants, who had various research topics in the fields of human and eco-
toxicology, nanosafety, exposure assessment, law, modelling and environmental assessment.
Respondents also had varying experience on nanotechnology, working for less than one year to
10 years in the field.
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Among the topics addressed during the workshop, respondents were most familiar with human
and environmental risk assessment, while safe-by-design was the least understood concept
(Figure 1, Annex 1). All students agreed with the need of training on risk assessment for their
work and seemed quite interested by sustainability and safe-by-design topics (40% and 30% of
respondents answered “very useful”, respectively). It is worth noting that the answers to this part
of the questionnaire might be biased by the fact that these respondents already expressed their
interest in such topics by registering to the workshop and might therefore not represent fully the
community of early career researchers in the nanoscience field.
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Figure 1: Familiarity and need for training on workshop topics as perceived by questionnaire
respondents

Regarding the participants’ perception of nano-applications benefits and risks, most of them
recognised moderate to high risks towards human and environmental health (Figure 2, Annex 1).
The highest risks were perceived for human health, for pesticides, cosmetics & sunscreens,
medicine, and food (9, 8, 7 and 7 respondents, respectively, categorised the associated risks as
“high”). Higher benefits were perceived for human health than for the environment, especially
regarding medicine and electronics (8 respondents categorised the benefits as “high” for each of
these product categories). The lowest benefits were found for pesticides and food (6 respondents
categorised the associated benefits as “low”).
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Figure 2: Benefits and risks perceptions of students for various nano-applications — answers
from first questionnaire

Higher trust was felt towards public institutions than to industry (Figure 3, Annex 1). Sunscreen,
cosmetics & hygiene products as well as food were the applications most avoided for purchase
(40% and 33% of respondents, respectively, deliberately chose to avoid it), probably because of
they are the product categories for which risks were most often related in the media.
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Figure 3: Trust in nanotechnology and associated stakeholders - answers from first
questionnaire

Regarding regulatory tools that could be useful for nano risk governance, there is a strong
agreement among respondents that labelling of nano ingredients in products should be mandatory
(80% strongly agree, Figure 4, Annex 1). The best perceived option for effective nano risk
governance is “continuous monitoring of health and safety risks carried out by a public authority
- 13 respondents considered it a very good option.
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Figure 4: Opinions on regulatory tools — answers from first questionnaire

Workshop

14 participants attended the workshop. The introductory lecture included 24 slides, among which
8 were dedicated on risk governance and regulation, 12 and safe-and-sustainable-by-design and
risk assessment, and 4 on introduction to the Gov4nano project and on the workshop. The slides
are presented in Annex 2.

During the brainstorming session, 4 groups of 3 to 4 students actively discussed and exchanged
their thoughts on the various topics of the workshop. Each group was provided a Mural board for
support, where they could follow the exercises and write their thoughts down (Figures 5-10).
Three trainers guided the participants through their assignments.

The last exercise of the workshop was on risk governance, where students were asked to reflect
on what could hamper or improve the dialogue between different stakeholders. Interestingly, the
students found that:

¢ Interactions between industry and regulators could be hampered by intellectual property;
these interactions could be improved with transparency and a trusted environment;

e Interactions between industry and NGOs could be hampered by political differences or lack
of trust; they could be improved with more openness;

e Interactions between consumers and scientists could be hampered by limited
communication issues; these interactions could be improved by common platforms for
discussions, minimum data requirements and increased funding;

e Interactions between researchers and industry could be hampered by safety, innovation
or profit issues, as well as different interests at stake; these interactions could benefit from
collaborative projects, conferences and workshops;

e Interactions between researchers and risk assessors could be hampered by issues on
procedures safety, materials characterisation, validation or innovation; these interactions
could be improved collaborative projects and awareness raising;

e Interactions between consumers and the media could be hampered by a misunderstanding
of the scientific results or the influence of politics; while they could be improved with more
fact checking and the influence of organisations to protect consumer interests, which could
play the role of mediators.
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Figure 5: Overall view of the Mural board for training nanoscientists at early career stages
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Figure 6: Exercise 1 of Mural board of training workshop for nanoscientists at early career stages - Perception of nhanotechnology
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How can nanotechnology help sustainable development?

The risks and opportunities identified in the previous exercise may have direct impacts on sustainable development. How can they help or hamper sustainable development? That's what you are going to find out here. For
this, we suggest you base your reflection on the 17 Sustainable Development Goals defined by the United Nations - you'll find them in the Deck of Sustalnability Cards, How can nanotechnology contribuie to these goals?
Do they carry barriers to achieve these goals? Try and include the three pillars of sustainability In your reflection: society, environment and economy.

N

The cards below represent (e sustainsble deve ment goals [SDGs| ds reporied on the
scigs un org websiie These are important issues in the world that are In need of a solution
=nd deserve our careful atention

nES

odi: I CO

The 3 pillars of sustainabllity

o Teking core- contributions

Plaasa choose some sustainability cards on which you beliewe youw
pesiiive impact In the sticky notes
could heip reaching the goals you sefected.

e Bn 7 Lt e WL ¢ ey SO0 00K g O Dt

[k Lt W o S R e

...

Whish of thesw ol sould you Neip realive 2y making yesr mane-
spalicatiort

‘What eouls you o with yeur ranetechnsleg) 1o take core of the inlurs
wnderlying the 80027

What would i teke o aptimiss powr care for theee sowes?

Maxt, I you think nanotect
SDG-related isswes on th ainability cards, posstion

the same card) in the nght column below.

Im the post-lts. elaboraie an how your nrq|art i Jhrl 11T TEs

g harm 1o any of the

hose cards {of copy

2xXerc

W P ETYe IMDecTE seaid pour nang-aERicenan mm:lll‘r fve on
particutr {grovps of) peaple &r 6r 1he ervoerment

WinaE vwmtd ol nesd 12 de 9 gain mans krastedge on st

‘Whiat cauld pou do te minimize hame?

Figure 7: Exercise 2 of Mural board of training workshop for nanoscientists at early career stages - Sustainability
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What safety considerations are important? Working towards 'Safe by Design'

IU's time o be more specific! The alm of this exerclse is 1o define the scenarios that co
risks in the design process to make your nano-application safer

Wlhen Thimiong of vk ARG IMERCL. we ANCE 10 corkider d| FereNT Srei [what geuln haspenT) and o fferent centeds 50 whans what?).

{_z» B ‘ﬁ] % e ‘bk} I@ L% ﬁq @ % Q% 3
Humans Biosphere Geosphene Ssmoephane Hythmiphsne

With thvese aphEres of iRfluents in e, ferEE what may Boour Tt Dol BESUSE SnpaEl. AnE 18 wham what

Ut o row per potentiady harmiul seeradia, Lings ere pre-defimed for specific stagea of the life cpche. So e the bemam of thve Mural fer o fimie heip I needed!
SRR I L ks TEL B i S o L

N cosid e MBI NS ___ Becmass __ "

Production

End of Lite

uld bring risks to the different spheres of our planet along thelr whale life cycle. In a second part, you will find ways to mitlgate these

Hew 8t you heve sxplond the poterEal raks thet could leed o harmtul and unssfe sfustians, how would you think o mensge e patential riska
FElanEd T8 yOUr P Bl coldb bk L

the way It is the end of Iife
ST the way itis
used
the allocation of
responsibility
The array of
luture users, the
i group?
manitonng Argsl oy
systems Policies and law Something else?

Figure 8: Exercise 3 of Mural board of training workshop for nanoscientists at early career stages - Safe-by-Design
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Reflections on risk assessment

Now really, what are the risks your nano-application could pose? And what do we need to answer this guestion? This exercise is here to help gathering some thoughts!

Bt Risk anse et

Tioh SREREaAnT SF 18 SICUITEnaS S 8 (#eaitenls Sipglenl K 4 Baded &0 TR SOMBATEan oF e BEoEUM SonsenIEtien You might have found that the definition of certain tems was difficult in the prenious exercise. This is normal. you Here we waouid like you to get In the shoes of a company

[exposire nssessment) and the toxic dose (hazord ass=ssment) of o Fubstance. aN't KnSw SryTing! TRET Wit e ke B2 BROSUCE YOUT Bradust Bt Induttel sale
I this exercice, you will gualitatively ascecs the potertial risks that your nanc-appication might poce to human and Wihet wers thass difficultiss? and kzinch It onthe market,
environmantal hesfth, et i i kil ot e b inbbe g o4 Ehaak Feel free ta be yourset. No nesd for the whale group ta
1 together, g ol K1eges of the Iife cycle arvd find the main hotepots for exposure agree before writing thirgs oown?
Wil ot 1 chéficust o assres rEs mthe ok RcERe Sy EXCi0 YN T Ear

and hazard
wvich o

s povid be relensed? Prisiine

arenined in yoUF nanc-npaECeo
wilsil Wi-@aamid, 1 METhods o you thi K are used
rrast SMEn wElare AURching & FadUe 1 the

marset: Lulck & sazy! More detalled? boecthing

Maore cosctfically, what would you nesc 1o gefing these fems? Think aiso about the cansiderations that are HiaT Whan coutil e the resson?

1pacific 1o your nans-applicatien

W supges? you think sbout two ways 10.get the data you need: one would be eacy and guick but ghve a rough
assessment. the other one would be more Hme-consurming and probably mone costly, but would give 2 more
BERUNIE SEERREMeNT.

Wit oty st £ s ki g £ traw) 1o 8n e £ TR £ SRy Wartna e S Akt EEIELE B0 Larewst o Seseetarte
o——

=il
I Cuitk & masy Mot detares Da you truct the rick ascecsment procesc? Wy T

Hiow Would you assess the route of sxposurs?

= e
[
: Da you think that spectic considerations relevant

Mo ""'":d Yonsetcs: s leviicoricenaia af 15 HanCTeCnEiogy ek SEEREITNT are not taken

[ i o Into secount in curnent risk assessmern? Which
onesT
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Target A-Aowserial?

Ay orber thoughts you'd like b share?

How would you evaluate the hazards?

Figure 9: Exercise 4 of Mural board of training workshop for nanoscientists at early career stages - Risk assessment
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Risk governance
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Figure 10: Exercise 5 of Mural board of training workshop for nanoscientists at early career stages — Risk governance
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After the brainstorming session, groups were given a few minutes to gather their thoughts and
one presenter from each group presented their reflections to all attendees. This enabled the
participants to further broaden their views on the topics addressed in the workshop.

Feedback questionnaire

According to the 10 respondents to the feedback questionnaire, the workshop introductory lecture
gave enough information for the brainstorming session, although attendees would have liked to
learn more on safe-by-design and risk governance (Figure 11, Annex 3). 40% of attendees would
have like the lecture to be longer.

Did the intreductory lecture provide enough Was the time dedicated to the introductory
nformation to you for the brainstorming session? lecture appropriate?

Fes Ko Yes 1t was oo shor twas too lang

0%

Figure 11: Answers from feedback questionnaire — workshop introductory lecture

Mixed feelings were reported regarding the brainstorming session (Figure 12, Annex 3), especially
on the size of the groups that were formed (50% respondents considered it appropriate, while
50% considered it too small), and the times allocated to each exercise (56% considered they did
not have enough time to complete the assignments). The wording of the assignments on the Mural
board could also have been clearer, although the oral guidance provided by the trainers was
appreciated.

Was the size of your group appropriate for the Were you able to take part in the discussions
work that was asked? within your group?
iR ¥
T, L)
A0F a0
30
iTh, 9
0
0
10%
-
i
i W, egpry lime | reeded Yoo mosl of the lime Mol enoug Ty
ey was oo small & was 1oo karge pinicn
Were the times allocated to each exercise How easily did you understand what was
sufficient to complete the work? expected from you during the exercises?

30¥%

20¥

. o
;

4 5 - Ewerything

Figure 12: Answers from feedback questionnaire — workshop brainstorming session

Overall, the students’ expectations from the workshop were generally met, although they
expressed their regrets regarding the lack of time for discussion and reflection on each other’s
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thoughts and for interaction with experts (Figure 13, Annex 3). 60% of attendees would clearly
recommend the workshop to their colleagues.

Did the training session meet your ex nectations? Would you recommend the training session to

vour colleagues?

Figure 13: Answers from feedback questionnaire — general feedback

3.3.3 Insurance

The (re)insurance sector approached (see Gov4nano D3.5) was not necessarily aware of particular
risks regarding nanotechnologies nor were they aware of key regulations such as REACH, or the
specifications of some sectoral regulations/legislations regarding nanomaterials (Cosmetics,
Medical Devices, Occupational, Biocides or Food). We only found the exception to this rule from a
particular company, which was very active at workshops and conferences. Hence training and
education for the (re)insurance sector starts from the perspective of nanotechnologies being key
enabling technologies as well as the introduction of the particulars of the nanosize and their
potential risks due to their unique functionalities. A review of the different regulations/legislations
covering the different sectors is also necessary, for the (re)insurance sector to understand the
wide impact of nanotechnologies. At the same time, while reviewing different pieces of regulation,
the (re)insurance sector felt that there is enough control set into place and it is up to the
companies to follow those regulations and keep themselves updated.

3.4 Recommendations on training and education of civil society and insurers

Elementary and secondary levels (literature review)

Implementation of training and education activities at elementary and secondary levels is not
straightforward. It requires the consideration of the multidisciplinary character of nanoscience and
nanotechnology, the fast pace at which new applications are developed, and the need for teacher
training. To help in this direction, academia should not only focus on single projects but build
longer-lasting structures, such as the NNI and the organisational form for nano risk governance
that Gov4nano intends to build.

Higher levels of education (workshop)

The feedback questionnaire answered by the workshop attendees highlighted how much students
value time for reflection and discussion after completing their assignments. Indeed, nano risk
governance is a complex field, involving many different considerations on various topics; it
therefore requires extended time for knowledge transmission and assimilation. Besides, the
students appreciated working in multi-disciplinary groups, underlining the need for
transdisciplinary approaches in nanotechnology training.

The organisational form for nano risk governance developed within G4N should take a role on
training and education, taking into consideration the above recommendations: facilitating long-
lasting projects on transdisciplinary education on nanotechnology, training not only at university
level but already at high school and including the teachers themselves.
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4 Data management - only for a limited number of
tasks relevant

No experimental work was performed, and no data-management has to be reported.

5 Deviations from the work plan

No deviations to be reported

6 Performance of the partners

All partners performed as per agreement under the Grant Agreement
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8 Annexes

Annex 1 — Answers from first questionnaire

Number and percentages of respondents.

GENERAL

Number and % of respondents

How familiar are you with...

Scale of familiarity

the concept of the concept of safe-by-

sustainability design methods of RA for HH methods of ERA

number % number % number % number %
1- | vaguely know about it 2 13% 2 13% 2 13% 2 13%
2- 2 13% 2 13% 2 13% 2 13%
3- 4 27% 10 67% 5 33% 7 47%
4- 6 40% 1 7% 4 27% 3 20%
5- 1 work on it every day 1 7% 0 0% 2 13% 1 7%

TRAINING

Number and % of respondents

Would training on ... be useful for your work or your career?

Scale of usefulness

risk assessment sustainability safe-by-design

number % number % number %

0- not useful 0 0.0% 0 0.0% 0 0.0%
1- 0 0.0% 0 0.0% 2 13.3%
2- 0 0.0% 3 20.0% 1 6.7%
3- 1 6.7% 1 6.7% 0 0.0%
4- 7 46.7% 6 40.0% 6 40.0%
5- very useful 7 46.7% 5 33.3% 6 40.0%
Which aspect of risk assessment be more useful than others?

Aspect respondents

in vitro risk assessment 1

Exposure assessment 3

Choice of criteria in risk assessment 1

Environmental risk assessment 2

Influence to environment 1

Available tools and data requirements 1

Bulk synthesis vs. environmental benefit 1

in vitro to in vivo 1

Long term effects of nanoagrochemicals on human health 1
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PERCEPTION

In my opinion, the production, use and disposal of nanomaterials in applications such as... is associated with a ... risk for human

health.
(in number of respondents) Non-existent Low Moderate High No opinion
Cosmetics and sunscreens 0 5 2 8 0
Medicine 1 4 3 7 0
Pesticides 0 5 1 9 0
Food 0 3 5 7 0
Environmental applications 0 4 7 3 1
Energy applications 1 3 6 4 1
Electronics 1 4 5 4 1

In my opinion, the production, use and disposal of nanomaterials in applications such as ... is associated with ... risk for
environmental health.

(in number of respondents) Non-existent Low Moderate High No opinion
Cosmetics and sunscreens 1 2 4 8 0
Medicine 1 4 4 5 1
Pesticides 0 3 4 8 0
Food 0 5 6 4 0
Environmental applications 1 1 6 6 1
Energy applications 1 3 4 5 2
Electronics 0 3 4 7 1

In my opinion, putting manufactured nanomaterials in products such as ... would bring a ... benefit for human health.

(in number of respondents) Non-existent Low Moderate High No opinion
Cosmetics and sunscreens 1 4 7 1 1
Medicine 0 1 5 8 0
Pesticides 1 6 1 5 1
Food 2 6 3 1 2
Environmental applications 0 5 4 3 2
Energy and transport applications 1 1 5 5 2
Electronics 1 0 3 8 2
Construction 1 3 4 4 2
Textiles 1 5 2 5 1

In my opinion, putting manufactured nanomaterials in products such as ... would bring a ... benefit for environmental health.

(in number of respondents) Non-existent Low Moderate High No opinion
Cosmetics and sunscreens 6 2 4 1 1
Medicine 4 3 3 3 1
Pesticides 2 5 1 4 2
Food 3 5 3 1 2
Environmental applications 2 3 5 2 2
Energy and transport applications 2 3 2 4 3
Electronics 2 2 5 3 2
Construction 1 4 3 1 5
Textiles 4 3 1 2 4
Gov4Nano Deliverable 3.6
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TRUST

Number and % of

How much do you trust public institutions to keep consumers, the general

respondents public and the environment safe from potential detrimental effects of
nanomaterials?

Scale of trust Public institutions Nanotechnology industry
number % number %

1-1don't trust... 0 0% 2 13%

2 2 13% 3 20%

3 7 47% 8 53%

4 3 20% 2 13%

5 - | fully trust 3 20% 0 0%

Have you ever deliberately decided (or would you decide) not to purchase an article because it contained nanomaterials? If yes, what sort of

product?
Product category Number of respondents

Yes No
Sunscreen, cosmetic or hygiene product 6 9
Medicine 1 13
Food 5 10
Electronic equipment 1 13
Paint or coating 0 14
Textile 2 12
Are you aware of regulations applying to nanotechnology?

Number of
respondents %

Yes 5 33%
Partly 10 67%
No 1 7%
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Do you agree with the statement... 1- I strongly 5 - I strongly

(in number and % of respondents) disagree 3 4 agree
number % number % number % number % number %

"Companies should be held responsible for formulating regulations in their field of business." 5 33% 2 13% 2 13% 3 20% 3 20%

"Mandatory labelling of all products containing nanomaterials and nanoparticles should be required." 0 0% 2 13% 0 0% 1 7% 12 80%

"Nanotechnology should be banned from consumer products." 8 53% 3 20% 3 20% 1 7% 0 0%

"Excise taxes are an appropriate way of controlling the risks of nanomaterials and nanotechnologies." 0 0% 5 36% 7 50% 2 14% 0 0%

How would you rate the importance of developing the following policy options for effective nano risk Not worth Might show Very good option I'm not sure

governance? exploring some interest

(in number of respondents)

Voluntary tools for health and safety risks 1 5 7 2

Voluntary tools for risk-benefit evaluation 1 5 7 2

Technical guidelines to improve implementation of existing regulations 0 3 9 3

Specific requirements in existing vertical/product legislation 0 2 9 4

New regulation specific to nanomaterials 0 4 8 2

Continuous monitoring of health and safety risks carried out by a public authority 0 1 13 1
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Annex 2 — Slides used for the workshop introductory lecture

H2020 governance research projects are working to
— develop a broader risk governance framework
— including better the safe and sustainable-by-design concept
— to connect and interlink data, experiences and competences across research

areas, regulatory domains and stakeholders

2.5GoNE  NANORIGO

Gov4Nano
Risk governance house Risk governance portal
5 Actess ba
' 5 ; :
L Maodets and
Els:gg methads for
data snalysis
along value
: Risk
chains Educational ;
ﬂ.nd assessment

To support chemical sustainable strategies
S e
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“Governance refers to the actions, processes, traditions and institutions by which authority is exercised
and decisions taken and implemented, Risk governance applies the principles of good governance to the
identification, assessment, management and communication of risks.” (IRGC, 2017)

# \What societal, environmental and economic values affect our willingness to accept the risk?
» To what extent should a precautionary approach be used to address uncertainty and ambiguity?
# How best should one balance an inclusive approach to decision-making with the need to reach a

decision?

Physical, economic and social aspects

Variety of stakeholders (consumers, industry, scientists, policymakers, ...)

154 | GovaNand]

Gain a thorough understanding of a risk
f" Develop adequate and appropriate
options for governing it
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e Nanotechnology = disruptive technology
- Creates new markets and industries
— In several economic sectors

® Risk governance: useful for disruptive technologies — integrates both physical and
social risks

| s Bl SRSSSEEL Y 6 e

s Diversity

= In materials, products and applications
= In production and manufacturing technigues
— Multiple forms during life eycle
s Movelty & complexity
— Difficult to identify, quantify and discriminate against natural nanomaterials
- Difficult to characterise in tox studies, diversity of methods applied, so difficult to compare or
combine results
— Likely use of incomplete data sets — gualitative, seml-quantitative and quantitative; associated

risks are difficult to evaluate, understand and manage

B e R T
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e Risk and toxicity assessment
- Biological and pathological effects are determined by a variety of parameters, such as size, shape,
basic chemical structure, charge and protein corona
- Transformations during life cycle (i.e. different forms - pristine vs transformed material)

— Standardisation of methods not sufficient yet

| e SRR, ™ oo Mo

REACH — Registration, Evaluation, Authorisation and Restriction of Chemicals (2006)
# Registration dessier for substances manufactured or imported at or abave 1 tonne per year

» Chemical safety report for substances manufactured or imported at or above 10 tonnes per year

e 2008: European Commission (executive branch of EU) declared the nancmaterials risks were covered “in
principle” in existing REACH regulation. But:

—  NMs treated exclusively based on their chemical composition - no account for specific physical properties

e 2018: Nano-specific aspects included in
— Chemical safety assessment {Annex [}
= Registration information requirement {Annexes [ & VI-X1)
= [Downstream user obligations [Annex XI1)

B T L
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e Safe by design is applied in several disciplines: biotechnology, software engineering, urban environment,
aerospace engineering, construction engineering, chemical engineering , nano - engineering

All life cycle phases of Concentrates on the plan and design

ggf:;t’ b ‘ ;:10:::5 {]at early stage of the innovation
Anticipate risk - prevent the risk from happening or to
decrease their likelihood
Control of recognized hazard to
oty | - achieve an acceptable risk

& MNANCREG and NanoReg2 supported the
development of Safe and Sustainable by design

s Safe Innovation Approach (S1A) which combines
5bD and Regulatory preparedness

& 514 aims to keep pace among regulators and
innovators

Sabwci o2 al, 1. dos I0.EDLE . amanch 23 8. 1A

Sarrthwe drrere of o, 2000 foer L0010 1805 ispueck 2020100025 T
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NanoReg2
& The project aimed to integrate sustainability into Shd vl
 Environment
e 55bD is a process that aims at identifying, estimating and reducing

uncertainties and risk for human and the environment along the entire Health
value chains, starting at an early phase of the innovation processa»

e 55bD is a pre-market approach (regulatory comply) Functionality

Lifecycle
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HazaRD & EXPOSURE

Is there an adverse effect? How much?

What effect? Through air? Water? Sall?

At what dosa? To huimans?

To whom? To other organisms?

Qualitative Quantitative
Predicred no-eflect concentralion Praglictas] aeposute contentralion
{PNEC) (PEC)
if PEC > PHEC
Risk

]

High diversity in composition, sizes, shapes

Transformations during life cycle

Difficult to identify and guantify in the environment (and in body?)

Standardisation of methods not sufficient yet

Human
Exposure

HIGH UNCERTAINTIES

)

TEMAS Enud_lhnol
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Material/ Prototype Upscaling Market

Product Design launch
REACH
Literature datn Cosmetics
Modelling tools Biocides
Qualitative tools Medical Devices
Inventories Food

Regulatory
compliance

2.

Anticipate potential regulatory issues

15445 F GovaNand]

* Legal restriction * Legal restriction
* kn vitro test and invivo experiment * fead across data
#® Inyitro

= Control banding toots

# Meawune sxpasure concentration
{i.e weorker)

= Form of release

* Invivo

* Along all the life cycle stages
# Aeleased form
* Ajr, water and soll

- Lifq.-ﬂru:l:.ﬁsmsrrh:nl
= Cost of Shd measures
= 5EN
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¢ EU Chemicals Strategy for Sustainability (2020)

— Ensure better protection of human health and the

environment from hazardous chemicals

~  Beost innovation for safe and sustainable chemicals

@ e A — Enable the transition to safe-and-sustainable-by-design
L Octoher 2030
] R chemicals
fruiess  Crsbas 2520
.il.r-nl ¥
. Prch 2 = Commission will release sustainability criteria

Grann Dal
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Chemical Strategies for Sustainability (CSS)

Safety
e The'sustainable-by-design” is a holistic approach to Circularity
integrate safety , circularity, energy efficiency and
Functionality

functionality of chemicals, materials, products, and process
through their life cycle and minimize the environmental Lifecycle

footprint “

Environmental

' footprint

EU- H2020 founded projects (SUNSHINE, HARMLESS) on-going on Safe and
Sustainble by Design

T4 { GovaNano|

Life Cycle Envircnmental criteria Safety criteria Social Criteria
Stage
Production stage  Emission to env. media (YES) Restricted substance Social
(YES) (nO)
Resource consumptien (YES)
Restricted substance (YES)
Sustainable sourcing of
raw materials (NO}
Use stage Functionality (fitness for use) W

Durability and reparability
(NO)

Eol Racyclability (NO) and Restricted substance
waste (YES) (NO)Y
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Annex 3 — Answers from feedback questionnaire

GENERAL FEEDBACK

Did the training session meet your expectations?
(number and % of respondents)

number %

-no 1 10%

0%

0%

20%

0
0
6 60%
2
1

10%

What expectations did you have that were not met?

"The expectation which | had that wasn't met, was some build-in time to share and reflect on each others thoughts. The information
presented by the trainers Veronique and Beatrice, and provided on the Mural, were both very useful. Unfortunately we did not find
the time to integrate this properly into our assignment, and discuss this either during or at the end of the assignment."

"Maybe more time to exchange with different groups afterwards."

"There should be some discussion about the mural project and also the pros and cons in implementing those projects."

"I was expecting to have more interaction with organizers and experts."

"I was hoping a little more theory explanations and step-by-step or procedures to build a Sagfe-by-design product."

"l expected to gain knowledge about the current policies around risk governance and specific approaches to evaluating risk. The
instruction was so basic and general, it could have been an undergraduate class and | did not learn anything new. In my opinion,
having the entire workshop be an ongoing project fumbling with questions participants were ill-aquipped to answer in a purely
hypothetical example was not useful."

"Sustainability"

Were there areas where you would have liked to learn more during the session?
(number and % of respondents)

Area number %

None 0 0%
Risk perception 0 0%
Sustainability 1 10%
Safe-by-design 3 30%
Risk assessment 6 60%
Risk governance 0 0%

Were there areas where you would have liked to spend less time?
(number and % of respondents)

Area number %

None 6 60%

Risk perception 1 10%

Sustainability 2 20%

Safe-by-design 0 0%

Risk assessment 1 10%

Risk governance 0 0%
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Did your perception of nanotechnology risks and benefits change during the workshop? If yes, in which way?

"No" (3 participants)

"Yes, during the workshop | realised that the perception of risks by the public is also an important consideration in risk
governance."

"Yes they changed in the way | saw how much work had to be done to make people aware about the risk perception."

"Yes, | saw different perspectives on the perceptions of nanotechnology problems and challenges."

"YeS."

Are you considering using any of the concepts or methodologies introduced in your current or future work? If yes, which one(s)?

IINO.Il

"I will have a closer look, and also follow the development of the criteria for SSbD - | think this can aid in the discussion we
sometimes have in our research group on the applicability of SSbD."

"Yes, most of them."

"I don't know yet!"

"Yes, the SSbD approach."

"Yes, | will take in consideration the risk governance in my work, since in the beginning it was not planned."

"Yes."

Would you recommend the training session to your colleagues?
(number and % of respondents)

number %
no 1 10%
1 0 0%
2 1 10%
3 2 20%
4 3 30%
5 - gladly! 3 30%

Do you have any other general comment about the training session?

"Thank you for organising the session! It was very informative, and - although | don't feel like | could integrate the knowledge
directly into the assignment, | have learnt a lot about these concepts and the focus thereon in the Gov4nano project."

"It would be great maybe to have the materials of the training afterwards to remember what we talked about."

"None"

"A very interesting experience"

"Thank you for organizing the session. It was interesting to see how these various topics are closely related to each other."

"Yes, you could give us access to at least our mural or, if possible, everybody mural and to the presented slides during the first part
of the training?"

"l am surprised this was marketed for postdocs and PhD students when it really did not feel designed for that level of prior
knowledge and experience."

" n

no
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INTRODUCTORY LECTURE

Did the introductory lecture provide enough information to you for the brainstorming session?
(number and % of respondents)

number %
Yes 9 90%
No 1 10%

What were the concepts on which you would have needed more detail?
(number and % of respondents)

number %
None 0 0%
Risk perception 1 10%
Sustainability 1 10%
Safe-by-design 3 30%
Risk assessment 2 20%
Risk governance 3 30%

Was the time dedicated to the introductory lecture appropriate?
(number and % of respondents)

number %
Yes 6 60%
It was too short 4 40%
It was too long 0 0%

Do you have any other comment on the introductory lecture?

"If it is not possible to give us access to the introductory lecture slides, is it possible to give us the list of references used in the slides?"
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BRAINSTORMING SESSION

Was the size of your group appropriate for the work that was asked?
(number and % of respondents)

number %
Yes 5 50%
It was too small 5 50%
It was too large 0 0%

Were you able to take part in the discussions within your group?
(number and % of respondents)

number %
Yes, every time | needed to 5 56%
Yes, most of the time 4 44%
Not enough in my opinion 0 0%

Were the times allocated to each exercise sufficient to complete the work?
(number and % of respondents)

number %
Yes 4 44%
No 5 56%

How easily did you understand what was expected from you during the exercises?
(number and % of respondents)

number %
1 -1 had a very hard time understanding what was asked 0 0%
2 1 11%
3 5 56%
4 3 33%
5 - Everything was clear 0 0%

Do you have any other comment on the brainstorming session?

"It was very nice to work with other people that work on different fields."

"Although the exercises were not totally clear to understand, Veronique gave us the needed support to understand and move

on. It was very nice that she showed up several times to support us."
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