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Welcome to NANOSOLUTIONS

W

elcome to the latest edition of the
NANOSOLUTIONS newsletter.
In this newsletter we have
an overview of the upcoming
EuroNanoForum 2017 event
and how NANOSOLUTIONS is contributing, with
key insight from Kai Savolainen. We also have

updates from Dario Greco and Socorro VázquezCampos on the classifier and life cycle analysis,
as well as work package updates from
WP4, WP8 and WP10 and a preview of the
upcoming event in Malaga. Don’t forget to follow
us on twitter @Nano_solutions and get in touch
via our website for debate and comments.
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Laying the groundwork for guidelines in nanosafety
The safe and responsible use of engineered nanomaterials is hard to define without concrete systems indicating
the risks. But nanosafety isn’t about restricting the use of nanomaterials, it’s about ensuring the production of
safe products, human and environmental health and innovation in industry
As a key enabling technology (KET) central to the future of European manufacturing,
engineered nanomaterials (ENMs) will increasingly be a part of everyday life. With such
prevalence in the modern world, it is important that events like EuroNanoForum 2017 can
discuss the societal aspects of nanotechnology to explore issues concerning environment,
health and safety (EHS), policy frameworks and regulatory requirements.
Currently, nanosafety regulations are almost nonexistent. There are no occupational
exposure limits set for any of the ENMs so far, meaning safe and responsible use can
Kai Savolainen
easily be challenged, but in recent years there has been a shift from toxicological studies
of individual nanomaterials towards the development of integrated, systematic assessment
tools. In NanoSafety Cluster alone there are several large scale Horizon 2020 projects developing hazard assessment
tools and safe-by-design (SbD) approaches.
Coming to a close in March, the NANOSOLUTIONS project has for the last four years been working on its own
NanoSafety Classifier to allow scientists to predict harmful effects of ENMs. Kai Savolainen, research professor
and director of the NanoSafety Research Centre at the Finnish Institute of Occupational Health (FIOH), is
NANOSOLUTIONS’ coordinator: “Our main goal has been the development of a tool which is able to categorise
different types of ENMs into hazard classes based on assessing associations between material characteristics and the
biological data we’ve collected.”
The actualisation of the NanoSafety Classifier is dependent on the huge amounts of systematic data that’s
been collected, so it’s only in the final stages that testing has begun in earnest on existing ENMs on the market.
Savolainen has stated that the project had a risky element all along but now that the end is drawing near, he is
positive about it’s successes. Whether it will be implemented, however, is another issue. “That’s the goal, of course.
My prediction is that the project will provide a classifier and evidence that these materials can be categorised
regarding their hazard properties, but it needs a lot of work to get it into a shape that regulators, policy makers and
industry would be willing to use”.
There’s a lingering perception that the notion of ‘nanosafety’ means red tape. Rules and regulations aren’t immediately
associated with innovation, but requirements to safeguard human and environmental health needn’t be a barrier to
industrial and commercial interests. In fact, it can mean just the opposite. In the chemicals industry, products are
almost hitting the market before the required hazard identification steps are taken. If there’s an unacceptable risk to the
workers or the general population then the product is pulled at great expense. However, if businesses can incorporate
hazard assessment into the design phase of their products, then they stand to make huge gains in the long term.
Rather than talk about the dangers of ENMs and trying to ban them, nanosafety is concerned with awareness and
helping manufacturers to design safer materials. By helping a number of industries get their products through complex
regulatory and approval processes, nanosafety guidelines could be the point where innovation begins.
It’s unlikely that a rash of nanosafety policies are going to be implemented across European industry overnight. There
are proposals for occupational exposure limits to NMEs by U.S., German and Dutch organisations but none have have
yet been put in place. Although the NanoSafety Classifier has been four years in the making, it is early days for this type
of hazard assessment tool. The project is yet to conclude and has only recently delivered its key results to the European
Commission. After that, new projects will be established to develop it further.
Continue next page
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Currently in the NanoSafety Cluster are two Horizon2020 projects working on hazard assessment tools of ENMs:
NanoFASE and SmartNanoTox. NanoFASE is looking to deliver an integrated Exposure Assessment Framework that
allows the early assessment of potential environmental and human exposure and risks. It is also intended to facilitate
safe product design and the inclusion these aspects in nano regulation. SmartNanoTox, meanwhile, aims at significant
advances in nanotoxicity prediction through the development of smart tools that combine state-of-the-art approaches
based on systems biology, statistical and other computational methods of analysis to gauge nano hazards.
Projects like ProSAFE and NanoReg2 develop and promote the concept of nanosafety as a route to commercial
innovation, to incorporate the SbD approach at every level of nanomaterial-oriented production value chains. The aim
is to make the implications of SbD concrete and clear in order to encourage regulators, and eventually legislators, to
enshrine them in a legal framework throughout the EU and beyond.
Cooperation is key. Just as the success of Europe’s industrial future is reliant on the capacity of its member states to
club together, guidelines for the safe and responsible use of ENMs needs academia, research organisations, industry
and regulators to collaborate and better understand each other’s needs. As coordinator of the NanoSafety Cluster,
Savolainen set the agenda for the European Commission’s nanosafety research agenda for the 2015 to 2025 period.
Although the issue of nanosafety hasn’t always taken centre stage in the nanotech world, it has certainly become a
more prominent feature, despite appearances. While there might be fewer projects dedicated to nanosafety, there is a
growing trend for nanosafety components within purely material science research projects where the safety of materials
and the safety of the processes in which they’re being used in industrial and occupational environments is assessed.
A new industrial revolution is an exciting opportunity for European economies. Nanosafety and EHS regulations
can protect workers, the population and the environment without undermining the commercial interests of Europe’s
manufacturing industries.

In a measure to ensure that key results produced by the NANOSOLUTIONS
project are kept high on the agenda, the project will be hosting a workshop at the
EuroNanoForum 2017, being held in Malta in June.
Kai Savolainen believes that the work carried out in developing the NanoSafety Classifier, as well as the
advances in high throughput screening and life cycle analysis, can be of great value in the ongoing work taking
place in H2020 projects and in other initiatives.

“It is important that the enormous advances we have made in the systems
biology approach and computational modelling to predict safety hazards in
ENM is utilised, both by industry in their work on assessing which materials
to use and by further research,” he says. “There is a huge amount of valuable
data available now, while our work on LCA and in high throughput screening
will be of enormous benefit to ongoing projects.”
All those with an interest are free to attend this workshop and further information about speakers and a more
detailed agenda will follow NANOSOLUTIONS’ final conference, which takes place in Malaga on February 6-7.
Please contact William Davis at Insight Publishers info@ipl.eu.com for more information or if you would
like to participate in the workshop.
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ENM Safety Classifier Update
With data from all the partners now received, work has begun on the analysis and creation of predictive models.
Dario Greco explains what has been done so far and how collaboration with external groups will help to validate
the model’s effectiveness.
We received most of the data from the partners by the end of 2016. There were
some delays but we finally got the data in by December, and so we have now
started to model the data.

Dario Greco

We already know a few things. The data is of good quality, and the problem is
modellable. Our algorithms seem to be working well. We estimate that it will
take around one week’s worth of analysis on our computer to create reasonable
models from the NANOSOLUTIONS dataset.
At the moment we are actually building a number of classifiers i.e. multiple
predictive models. One of them gives us an overall idea of what is dangerous
and what is not, considering all the data and considering all of the ways in which
these materials can cause harm. But then we have gone further, asking specific
questions such as: what features of nanomaterials will kill cells? What features
of nanomaterials will cause genotoxicity? Which nanomaterials are capable
of causing inflammatory diseases in mice? So we are working on a number of
classifiers that can tell us different things.
From what we have seen so far, the models are performing very well with our data. Using 10-15 biomarkers, we are
able to predict which nanomaterials are dangerous or not with over 90 per cent accuracy. If confirmed, these results will
be a significant advancement from the currently available predictive models. Having said that, these are still preliminary
models and we are still receiving small changes to the data, meaning we are continuing to make adjustments.
As well as this we are working in collaboration with WP12 to collect a number of datasets from outside
NANOSOLUTIONS that can be used for external validation. When you build a model, you test the accuracy of the
model on a certain dataset, for example the NANOSOLUTIONS dataset. This is an internal validation. However, no
matter how carefully the experimental data has been collected, you can never be sure that this data isn’t showing things
that don’t exist in other datasets. In order to avoid this kind of situation, you take your models and apply them to some
external datasets.
We are validating our models on independent datasets, such as the one from the EU FP7 project MARINA. They have
produced several omics data layers, so we are taking data from there. We have also started collaborating with some
scientists from Canada with whom we are exchanging data and models. So in the coming months, possibly beyond the
end of the project, we will have a better idea of how valid our models are.
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Life cycle analysis
Socorro Vázquez-Campos

Little research has been done on the released materials obtained and collected
from nano-enabled products’ life cycle processes, from production through to
manufacturing, use, and finally disposal and end of life. Work package 4 has been
studying this in existing applications and industrial processes, looking to assess
the environmental and health impacts of these releases.
For each ENM being studied in NANOSOLUTIONS, an industrial application has been
selected and studied in work package 4. Experimental simulations of the life cycle
stages most likely to release significant amounts of ENM have been carried out. These
simulations have allowed evaluation (identification and quantification) of the released
materials. “Our work involves looking at the real nanomaterials, the ones which are
actually included in products,” says Socorro Vázquez-Campos. “We work out whether
these nanomaterials get released into the environment or into people’s working
environment and in which form.

“Our work package’s interaction with the classifier is in the validation part,” says Vázquez-Campos. “When we simulate
the processes in the life cycle stages, we are able to measure the physicochemical characteristics of the released
materials, which usually are different than those of pristine ENM. We then could feed the materials’ physical-chemical
properties into the classifier which should give us an indication of how hazardous these materials are.”
By studying when and how nanomaterials are released along their life cycle, it is possible to build a more accurate
picture of the hazard of a material. “We have the characteristics of these materials from our NANOSOLUTIONS data, so
we could know the potential effects when they are released. If something isn’t toxic and you are exposed to it, risks are
low. But if they are toxic then we need to look carefully at the dose of those materials we are exposed to.”
Quantum dots in printing inks have been used as a case study in the life cycle assessment task, from production of
the ink components, ink formulation, printing, and final disposal. Work package 4 has shown that significant amounts
of quantum dots are released during the printing process and when ink is disposed. “This is the first time that
quantum dots in printing inks have been studied during those processes of their life cycle” says Vázquez-Campos.
“These quantum dots in high doses do have a toxic effect, and the physicochemical characteristics of the released
quantum dots during the printing process were similar to the one’s originally synthesized and studied by the other
NANOSOLUTIONS partners.”
The work done by those in work package 4 has led to some new methodologies for the quantification and
identification of materials that are released into the environment and in occupational settings. Vázquez-Campos
also believes that some of their work will contribute to improve or propose novel methodologies for life cycle
assessment evaluation of nanomaterials. “At present, there are no specific methodologies for assessing the impact
of nano-enabled products. The classical methodologies should be improved or created to take into account all
the specific characteristics of the released materials in all the life cycle stages within the framework of life cycle
assessment. I think the work from NANOSOLUTIONS and from a few other previous and current projects will all
help to improve the methods and models of the life cycle assessment tools to be able to obtain a more realistic
evaluation of the global environmental impact of nanomaterials.”
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WP4: Life cycle analysis
A talk on how the ecotoxicological effects of ENM is being integrated into life cycle assessment is will take
place at the NMSA conference (7-9 February 2017, Malaga).
Life cycle impact assessment (LCIA) methods describe environmental impacts in terms of characterisation
factors. Even if it has been claimed that LCA is an essential tool to analyse, evaluate, understand and manage
the environmental and health effects of nanotechnology, few studies integrate the environmental impacts of
engineered nanomaterials (ENMs). Characterisation factors (CFs) for freshwater ecotoxicity need to be developed
to make LCA into a practical tool, particularly for ENMs.
Within the NANOSOLUTIONS Project, a LCA assessment of a water based printing ink containing
polyethyleneglycol-coated (PEG-CdTe) quantum dots (QDs) manufactured by Plasmachem is being carried out.
The present assessment integrates specific CF for CdTe QDs that are actually being developed. This work goes
beyond the state-of-the-art developing not only CFs for CdTe QDs pristine but also for CdTe QDs released.
To this aim, following the USEtox model, which is the UNEP-SETAC consensus methodology for freshwater
ecotoxicity and human toxicity characterisation factors calculation to be used in life cycle impact assessment, the
ecotoxicological effects of CdTe QDs are being investigated. This will be done by analysing the outcomes of the
experimental work carried out within the project and completing these results with data from the existing literature.
Having evaluated the ecotoxicological effects of CdTe QDs for their integration into LCIA from the sources
described above, a series of limitations have been observed. Such limitations will be evaluated so that the
outcomes of future studies on QDs freshwater ecotoxicity can be used to such purpose. Possible adaptations of
the USEtox model for freshwater effects CF development for ENMs have been suggested.

WP 8: Disease models
WP 8 explores the effects of ENM exposure in diseased cells/tissues/organisms (i) in vitro by using cultured
human endothelial cells (LMU) as well as a 3D in vitro airway model with cells from healthy and diseased
human donors (TNO) and (ii) in vivo in murine cardiovascular disease (LMU) and asthma (FIOH/UH) models.
The researchers at LMU have established multiphoton excitation microscopy as a viable option for studies of
nano-bio interactions not only of fluorescent but also of some types of non-fluorescent nanoparticles (Dietzel et
al., Small 2016). This technique is now being applied to study the association and/or translocation of ENM from
the blood stream into murine atherosclerotic plaques (in WP8 and WP9) and to demonstrate the presence of
particulate material in the tissue of earthworms exposed to CuO nanoparticles (in WP6). Moreover, LMU was able
to demonstrate in vitro (Möckl et al., Nanomedicine, in press) and in vivo (Uhl et al, ACS Nano, under revision) that
the endothelial glycocalyx (eGCX), a structure that constitutes a glycoprotein-polysaccharide meshwork coating
the luminal surface of blood vessels, effectively controls ENM-endothelium interactions in the microvasculature.
Glycosaminoglycans in the eGCX were found to physically cover endothelial adhesion and signalling molecules
thereby preventing the endothelial attachment and uptake of ENM as well as their translocation through the
vessel wall. Conversely, a degraded eGCX, e.g. under the pathological condition of ischemia-reperfusion, enables
interactions of ENM with the microvascular endothelium, underlining the relevance of the eGCX for the protection
of the tissue from blood-borne ENM in vivo. The results of two other studies conducted at LMU strongly suggest
that the surface functionalisation of ENM determines their association with as well as their distribution pattern
Continue next page

http://nanosolutionsfp7.com | @Nano_solutions

6

NEWSLETTER
FEBRUARY 2017
within atherosclerotic lesion in vivo, most likely by regulating the molecular composition of the biomolecule corona.
The individual association behaviour of differently functionalised quantum dots (Uhl et al., submitted) and gold
nanoparticles (Uhl et al., to be submitted soon) appears to be based on a different affinity to molecular and cellular
structures present in the atherosclerotic lesion environment.
UH is working on identifying similarities and dissimilarities between the in vitro model used by TNO and the in
vivo model used by FIOH. UH has isolated RNA from lung samples obtained from mice exposed to core CuO and
CuO-COOH (FIOH) and from cell lysates exposed to the same materials in a 3D air-liquid interface system (TNO).
The quality and quantity of extracted RNA were determined by NanoDrop, Qubit, and BioAnalyzer. Thereafter, a
transcriptomics experiment was designed. Microarrays of mouse samples have already been performed, those of
human samples are in progress. The data obtained from the microarray experiment will be forwarded and analysed
under WP11. During the last project months, UH will finalise the analyses (immunohistochemistry, OVA-specific
IgG2a) of samples obtained from oropharyngeal aspiration exposures to CuO materials in an asthma model.

WP10: Omics methodologies
The task of WP10 is to measure the changes in cells and tissues in response to different engineered
nanomaterials (ENM). In the standard approach used here, cells and tissues were exposed to various
types and amounts of ENM, and RNA and proteins were extracted after a given exposure period.
Two human cell lines, monocytic THP.1 and lung epithelial BEAS-2B cells, were treated with a dose of
EC10 for all 31 ENMs included in the NANOSOLUTIONS project. The treatments were made in triplicates
for 24 hours. Small pilots were analysed for both cell lines to verify the quality of the samples. RNA and
miRNA were analysed to measure the transcriptome and miRNA profiles (in total 96 THP.1 and 114 BEAS2B samples), and another set of similar treatments for the proteomics (in total 102 THP.1 and 243 BEAS-2B
samples). The datasets generated from the samples with 24-hour exposure, were delivered to WP11 to be
used in the classifier.
Additionally RNA profiles of lung tissues isolated from mice exposed to ENMs were made. Analysis of the
proteomes from E. coli exposed to ENMs (IC10) was carried out, in total 69 samples, and this was compared
with the effect of some of the Au, CuO and CdTe ENMs with two cancer drugs (Tarasova et al. accepted).
RNA profiles from E. coli exposed to ENMs have been determined by WP7.
Currently, KIc and KIb are doing bioinformatic analysis of the human cell lines, using both the pilots and
the full sets to determine what process and pathways are affected both on RNA and protein levels. KIc is
finalising the experiments with the RNA and DNA-gold coronas in vitro. To further improve and strengthen
the miRNA sequencing data, the University of Turku has recently resequenced all the 210 samples to
generate more and deeper miRNA sequencing reads. They will use different approaches to normalise the
newly generated miRNA sequencing data.
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Experts to convene in Malaga to discuss the safety of nanomaterials
Scientists from across Europe will be meeting to discuss the safety of nanomaterials on the 7-9th February
2017 in Malaga, Spain.
The event, called “New tools and approaches for nanomaterial safety assessment”, is jointly organised by five
major European projects NANOSOLUTIONS, SUN, NanoMILE, GUIDEnano, and eNanoMapper. It will present the
main results achieved in the course of the projects to create discussion about their impact in the nanosafety field
and possibilities for future research programmes.
Current legislation that governs the safety classification of engineered nanomaterials ENM in Europe is complex.
Each ENM has to be treated as a separate chemical and be individually tested to assess its safety characteristics.
This means developing new materials using different nanoparticles is both time-consuming and expensive.
Consequently, there is a real need for ways to reduce the amount of individual testing of ENM that is currently
occurring, as this will help to reduce the cost of developing ENM-based products and speed up innovation.
Conference topics
s Hazard assessment along the life cycle of nano products
s Exposure assessment along the life cycle of nano products
s Risk assessment and management
s Systems biology approaches in nanosafety
s Categorisation and grouping of nanomaterials
s Nanosafety infrastructure
s Safety by design
Stakeholders workshop
The conference will be wrapped up with a stakeholder workshop that will provide a platform for an open discussion
with interested stakeholders that could ultimately guide the research needs that should be addressed in future projects.
Post-conference material
Following on from the conference, an executive summary of the events that took place will be published, as well as
a highlights video including interviews with key delegates.
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Events

SRA Policy
Forum: Risk
Governance for
Key Enabling
Technologies

Venice, 1-3 March, 2017
The SRA Forum will
provide discussion on
current initiatives that
are centred on refining
the risk governance of
emerging technologies
through the integration
of traditional risk
analytic tools alongside
considerations of social
and economic concerns.
Find out more here

EuroNanoForum

Valetta, 21-23 June, 2017
EuroNanoForum 2017 will
focus on how nano and
materials technologies
can strengthen
competitiveness across
all European industries.
The discussions will also
extend to framework
conditions such as
education, standards,
regulations, IPR and
safety issues, as well as
entrepreneurship and
industrial policy.
Find out more here
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NANOSOLUTIONS partners

Please find a list below of the NANOSOLUTIONS partners.
Finnish Institute of Occupational Health
http://nanosolutionsfp7.com/partners/FIOH/
Karolinska Institutet
http://nanosolutionsfp7.com/partners/karolinska-institutet/
Centre for BioNano Interactions (NUID UCD)
http://nanosolutionsfp7.com/partners/nuid-ucd/
Netherlands Organisation for Applied Scientific Research (TNO)
http://nanosolutionsfp7.com/partners/tno-netherlands/
Universite Bordeaux-1
http://nanosolutionsfp7.com/partners/universite-bordeaux/
University of Manchester
http://nanosolutionsfp7.com/university-of-manchester-uniman/
University of Plymouth
http://nanosolutionsfp7.com/partners/university-of-plymouth/
Heriot-Watt University
http://nanosolutionsfp7.com/partners/heriot-watt-university/
CIC biomaGUNE
http://nanosolutionsfp7.com/partners/cic-biomagune/
LUDWIG-MAXIMILIANS-UNIVERSITAET MUENCHEN
http://nanosolutionsfp7.com/partners/walter-brendel-centre-of-experimental-medicine/
Institute of Occupational Medicine
http://nanosolutionsfp7.com/partners/iom/
Turku Centre for Biotechnology
http://nanosolutionsfp7.com/partners/turku-centre-for-biotechnology/
National Institute for Occupational Safety and Health
http://nanosolutionsfp7.com/partners/niosh/
LEITAT
http://nanosolutionsfp7.com/partners/leitat/
The Technical University of Denmark, National Food Institute
http://nanosolutionsfp7.com/partners/dtu-food/
Telethon Institute of Genetics and Medicine
http://nanosolutionsfp7.com/partners/tigem/
The University of Leipzig
http://nanosolutionsfp7.com/partners/ulei/
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Empa - Swiss Federal Laboratories for Materials Science and Technology
http://nanosolutionsfp7.com/partners/empa/
Biobyte Solutions GmbH
http://nanosolutionsfp7.com/partners/biobyte-solutions-gmbh/
Insight Publishers
http://nanosolutionsfp7.com/partners/insight-publishers/
PlasmaChem GmbH
http://nanosolutionsfp7.com/partners/plasmachem-gmbh/
Inkoa
http://nanosolutionsfp7.com/partners/inkoa/
BioTeSys GmbH
http://nanosolutionsfp7.com/partners/biotesys-gmbh/
Zhejiang University
http://nanosolutionsfp7.com/partners/zhejiang-university/
University of Brasilia
http://nanosolutionsfp7.com/partners/fub/
National Health Laboratory Service / National Institute for Occupational Health
http://nanosolutionsfp7.com/partners/nhls-nioh/
North West University
http://nanosolutionsfp7.com/partners/north-west-university/
Nanotechnology Characterization Laboratory / SAIC Frederick Inc.
http://nanosolutionsfp7.com/partners/ncl-saic-frederick-inc/
Nanocyl SA
http://nanosolutionsfp7.com/partners/nanocyl-sa/
Nanologica AB
http://nanosolutionsfp7.com/partners/nanologica-ab/
NeuRoNe lab, University of Salerno
http://nanosolutionsfp7.com/partners/neurone-lab-university-of-salerno/
SOLVAY
http://nanosolutionsfp7.com/partners/solvay/
Polymer Factory Sweden AB
http://nanosolutionsfp7.com/partners/polymer-factory-sweden-ab/
Polysistec
http://nanosolutionsfp7.com/partners/polysistec/
Misvik
http://nanosolutionsfp7.com/partners/misvik/
University of Helsinki
https://www.helsinki.fi
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