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The syntheses of environmental friendly semiconductor nanocrystals (QDs) such as Indium
Phosphide (InP) QDs are nowadays well-established and they possess high-quality optical
properties. Despite these synthetic advances, gaps in knowledge of their intracellular fate,
persistence, and excretion from the targeted cell/organism still exist, preventing clinical
applications. In this study by using a simple model organism having a tissue grade
organization, we determined the toxicological impact of InP QDs [1]. Moreover, we
analysed their biodistribution by X-ray fluorescence and complemented these information
by mapping the single elements with X-ray absorption near edge structure spectroscopy,
achieving unique information on in situ chemical speciation. We observed an unexpectedly
fast dynamics of QD degradation, occurring within the first hour post incubation [2]. Our
study brought new insights into the intracellular fate of photoluminescent nanocrystals after
the loss of their optical properties and pave the way for the design of more biological stable
InP QDs for biomedical purpose.

Figure 1. RGB representation ofindium (red), sulfur (green), and phosphorus (blue) distribution in
transversal sections of Hydra exposed to core shell InP-QDs
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We will show how the combination of advanced magnetic spectroscopies (XMCD and
hard x-ray RIXS-MCD [1,2]) can allow a profound understanding of the electronic and magnetic
structures in complex magnetic nanomaterials such as bimagnetic nanoparticles and ferrofluids,
and reveal emergent properties.
First, we have investigated bimagnetic core-shell nanoparticles that currently focus
high interest owing to their applications in biomedicine and technology. The fine tailoring of
particles requires a deep knowledge of their internal structure and morphology, from which the
properties are directly inherited. In nominally γ-Fe2O3/Mn3O4 nanoparticles, RIXS-MCD gives
the smoking gun evidence for the existence of a magnetic interdiffused inner shell growing from
a γ-Fe2O3core and a Mn3O4 shell. Combined with TEM-EELS experiments, a quantitative
multilayered structure is proposed, which allows understanding the influence of the interface
quality on the measured magnetic properties [3].
Second, we have studied the magnetic anisotropies in a ferrofluid of monodispersed
MnFe2O4@CoFe2O4 nanoparticles dispersed in heptane. Ferrofluids are well-known for their
applications in optical waveguides, medicine or in fine arts. Their magnetic properties arise from
both magnetic anisotropies of individual particles and interparticle interactions that are mediated
by the liquid carrier. Using a dedicated liquid cell, developped in collaboration with ID26
beamline of the ESRF, we have measured element-selective magnetic properties in the liquid
phase and in the frozen phase. This allowed investigating separately the cationic distribution and
magnetic anisotropies in the core and those in the shell, as well as their mutual influence [4].
Third, a binary ferrofluid of MnFe2O4 and CoFe2O4 nanoparticles dispersed in
heptane was investigated. The measurement of element-selective hysteresis curves, supported
by cryogenic TEM experiments and Monte-Carlo simulations of the magnetic properties, has
allowed quantifying the effect of interparticle interactions on the magnetic properties for each of
both magnetic phases [5].
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Understanding interactions between functional nanoparticles and lipid bilayers is important
to many emerging biomedical and bioanalytical applications. In particular, quantum dots
(QDs; semiconductor nanoparticles) are promising components of functional systems for
medical imaging, theranostics, targeted therapy, drug delivery and biosensing. Increasing use
of QDs in biological applications also motivates the investigation of their physical
interactions with biological systems, particularly the cell membrane. However, little is known
about the influence of embedded
hydrophobic QDs on the formation
process of supported lipid bilayers
(SLBs) via vesicle fusion, and how the
presence of hydrophobic QDs influences
the morphology and structure of the
SLBs. Such an understanding is
important to their bioanalytical
applications and potential cytotoxicity.
The main goal of this study was to
investigate the structural changes of
negatively
charged
POPC/POPE
supported lipid bilayers intercalated
Figure 1. XRR curves of POPC/POPE lipid bilayers
with QDs on a PEI monolayer as a
with 4.9nm CdS QDs at 3h, 14h and 24h incubation
function of incubation time, using in situ time
(A) with schematic of the structural evolution and
synchrotron XRR, with the resulting
QD rearrangement (B).
morphology imaged by atomic force
microscopy (AFM) [1]. The structural properties such as thickness, roughness and surface
coverage were observed over a period of 3-24 h. Our results show time-dependent
perturbations in the SLB structure due to the interaction upon QD incorporation. Compared
to the SLB without QDs, at 3 h incubation time, there was a measurable decrease in the
bilayer thickness and a concurrent increase in the scattering length density (SLD) of the QDSLB. The QD-SLB then became progressively thicker with increasing incubation time,
which – along with the fitted SLD profile – was attributed to the structural rearrangement
due to the QDs being expelled from the inner leaflet to the outer leaflet of the bilayer (Figure
1B) [2]. These findings will provide valuable information on the structure of QD-containing
fluorescent SLBs, giving unprecedented mechanistic insights, which could have potential
implications for drug delivery, cell toxicity, and related aspects of NP-cell interactions.
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Nanomaterials pose unique challenges to X-ray microscopy for their characterization with
respect to alignment, beam damage, and signal-to-noise ratio. At the same time, relevant
information about nanomaterials is typically extracted from the point-by-point correlation of
different properties, which requires the same spot being in the same condition for all
measurements. Particularly for in-situ and operando measurements, this is not possible
without the simultaneous evaluation of the critical measurement modes.
At various synchrotrons worldwide (APS, PETRA III, NSLS II, CLS, ESRF), we have set up
experiments for multi-modal measurements involving up to 5 different modalities of
nanomaterials and devices such as contacted nanowires or solar cells as depicted in Fig. 1.
They allow the simultaneous evaluation of composition, structure, and performance.
In this contribution, we will demonstrate the application of multi-modal X-ray microscopy to
nanoscale semiconductors and electronic devices, and discuss detector arrangement and
compatibility with different scan modes and samples. Beyond state-of-the-art measurements
such as shown in Fig. 2, we will give an outlook to new opportunities and challenges at
nanoprobe endstations of 4th generation synchrotrons such as ID-16-B at ESRF-EBS.

Figure 1: A “dream experiment” involving five-fold multi-modality in scanning X-ray microscopy [1]

Figure 2: Multimodal measurement of the composition (top) and the performance (bottom) of a nanowire [2].
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Nanowire technology and toxicity
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Fibrous particles interact with cells and organisms in complex ways that can lead to cellular
dysfunction, cell death, inflammation, and disease. The development of conductive
transparent networks (CTNs) composed of metallic silver nanowires (AgNWsfor flexible
touchscreen displays raises new possibilities for the intimate contact between novel fibers
and human skin. Here, we report that a material property, nanowire-bending stiffness that is
a function of diameter, controls the cytotoxicity of AgNWs to nonimmune cells
from humans, mice, and fish without deterioration of critical CTN performance parameters:
electrical conductivity and optical transparency. As shown by ID 16A holographic X-ray
phase contrast maps and 2D elemental maps, completed by ID21 Ag LIII-edge X-ray
absorption spectra, both 30- and 90-nm-diameter AgNWs are readily internalized by cells,
but thinner NWs are mechanically crumpled by the forces imposed during or after
endocytosis, while thicker nanowires puncture the enclosing membrane and release silver
ions and lysosomal contents to the cytoplasm, thereby initiating oxidative stress. This finding
extends the fiber pathology paradigm and will enable the manufacture of safer products
incorporating AgNWs.
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Thanks to their dimensions, 10-100m in length and 200-300nm in diameter, and elevated biopersistency, asbestos fibers can penetrate the lungs by inhalation and remain there for long time
(even decades). In the lungs, alveolar macrophages are in charge of removing bad particles. They
can do an excellent job while dealing with the majority of particulate matter, but when it comes
to high aspect ratio materials, as asbestos (>20), macrophages are no more able to completely
engulf them (frustrated phagocytosis). Organic and inorganic material start to deposit on the
foreign fibers giving rise to an in vivo biomineralization process that leads to the formation of
peculiar structures, consisting of the original asbestos fibers plus an Fe-rich layer. These
structures are commonly referred as Asbestos Bodies (AB, Fig. 1a).

Figure 1: a) Optical microscopy image of an AB in lung tissue; b) XRF map of an AB (ID21@ESRF, pixel
size 0.5x0.5m2); c) Density map of an AB in lung tissue (ID16A@ESRF, pixel size 0.07x0.07m2).

Asbestos can lead to mesothelioma, an aggressive cancer of the lung lining. Despite the link
between asbestos exposure and mesothelioma has long been demonstrated, little advancement
has been made in anti-cancer therapies and, still, only one person over twenty is alive five years
after the diagnosis. In fact, since the latency period from the first exposure to the development
of mesothelioma can be very long (20-40 years, on average), while AB start to form soon after
asbestos reaches the lungs, it is reasonable to believe that they may play a major role in the
pathogenesis. Indeed, AB have been shown to induce the formation of reactive oxygen species
and DNA damage. One of the open questions that prevent developing a sound model to explain
the carcinogenic mechanism is that a full knowledge of the growth mechanism and composition
of the AB is still lacking, preventing determining their role in the pathogenesis. The common
methods exploited to study AB require invasive sample preparation, such as recovering them
after removing the biological tissue by chemical digestion. Nevertheless, this could alter their
composition and the spatial information is usually lost. Conversely, synchrotron-based imaging
and micro-probe techniques available at the ESRF, allowed studying single AB without altering
the original lung tissue.
Scanning micro X-ray fluorescence (XRF) and Fe K-edge micro X-ray absorption spectroscopy
(XAS) have been performed at the ID21 beamline, allowing for the determination of the
elemental distribution and of the Fe speciation [1] (Fig. 1b).
Phase-contrast and fluorescence x-ray nano-tomography have been performed at the ID16A
beamline to reveal the 3D morphology, and obtain a reliable elemental quantification. The latter
was achieved by combining elemental distribution, thickness, and mass density high resolution
maps (down to 25nm, Fig. 1c). The above techniques can be successfully exploited also to study
other types of health-threatening micro- and nano-materials, such as, for example, those that are
believed to be able to cross the brain barrier or the placenta.
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A key mechanism for nanoparticles (NPs) to impart toxicity is to gain cellular entry
directly. Many parameters affect the interactions of nanomaterials in a cellular environment
with cell membranes, including their size, shape and surface chemistry as well as factors such
as the cell type, location and external environment (e.g. other surrounding materials,
temperature, pH and pressure) [1, 2].
In addition to in vitro and in
vivo experiments, model cell
membrane systems have been used
in both computer simulations and
physicochemical experiments. We
have used model membrane systems
and physicochemical methodologies
to study nanoparticle-membrane interactions. Our results from high pressure small angle Xray scattering (HP-SAXS) show that hydrophobic nanoparticles could encourage the lamellar
to inverted hexagonal phase transition [3], whereas the effect of hydrophilic nanoparticles
depends on their concentration [4], with more recent work showing that dendritic polymer
nanoparticles could cause membrane thinning and structural disorder in lipid mesophases [5].
In addition, using X-ray reflectivity (XRR), we have observed structural re-organisation in
supported lipid bilayers intercalated with quantum dots [6, 7] and dendritic nanoparticles [8].
These results shed light on how the fundamental energetic process of NP cellular entry
can be evaluated by studying the effects of nanoparticles on lipid mesophase transitions and
structural disorder. This highlights both the challenge and the opportunity in this
interdisciplinary area, where collaborative efforts from the insights and expertise of
biological and physical scientists are urgently needed for future progress.
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The widespread use of silver nanoparticles (AgNP) in consumer goods raises concerns about
their toxicity to humans and their impact on environment [1]. AgNP toxicity in cells and
animals has been extensively studied and it has been shown that the toxicity depends upon
the release of Ag(I) ions from the NP [2,3]. Besides, Ag accumulates in liver following AgNP
exposure [4]. In this context, we studied AgNP internalization and fate into hepatocytes. We
made use of a synchrotron nanoprobe to visualize the subcellular distribution of silver. The
combined use of X-ray fluorescence (XRF) microscopy on whole cells and electron
microscopy allowed the discrimination between the nanoparticle form located inside
endosomes and lysosomes and the ionic species that distribute throughout the cell [5].
Besides, synchrotron X-ray absorption spectroscopy showed that Ag(I) recombines with
sulphur in hepatocytes in the form of AgS2 and AgS3 complexes [5,6].
More recently, we developed a nano-XRF method performed on cell sections (Figure 1) that
can be correlated with electron microscopy to reveal Ag(I) species distribution at the
organelle level under long-term exposure to non-toxic concentration of AgNPs. We thus
observed Ag(I) species in different organelles including in the nucleus [7]. This approach
was also used on sections from 3D hepatic cell cultures that mimic liver architecture
including bile canaliculi. XRF allowed to visualize Ag(I) excretion into these intercellular
structures. To get more insights into the fate and effects of AgNPs, these data were
completed with 3D electron microscopy, STEM-EDX and physiology assays. The later
revealed, for the first time, that Ag(I) species translocating into the nucleus can trigger an
endocrine disruptor-like effect. Overall, synchrotron-based imaging was central in our
studies that aim at understanding the fate of nanomaterials in cells and organisms.

Figure 1: Ag XRF map of a hepatocyte section exposed to AgNPs.
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Synchrotron imaging of nano-particles released from implants in human
and an outlook on new tools to investigate the associated tissue response
in 4D
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The exposure to toxic elements in humans is an increasing concern. Sources of exposure are
multifold: food, cosmetics, dust in air, tattoo colorants, pharmaceutical substances or medical
implants, to only name a few. For medical implants the balance between patient benefit and
associated risk can be delicate. The doctors decision crucially depends on the awareness and
understanding of the exposure scenario and its impact on the cellular level and thus also on the
patient’s health. Regulations for the approval and market surveillance of applied biomaterials have
recently been challenged on a cross-national level.
Our current findings revealed that human peri-implant bone and bone marrow are distinctively
exposed to micron- and nanoparticles consisting of cobalt, chromium and titanium. The detected
metal quantities and their element- and tissue-specific distribution provide evidence that the periimplant membrane does not chemically isolate implant components. Our work reveals toxico-kinetic
mechanisms and a novel view on the long-term effects of metallic degradation products. Our findings
prompt for a paradigm shift towards a consideration of bone and bone marrow being the most relevant
organs for pre-clinical testing and post-clinical risk-benefit evaluation of orthopedic biomaterials.
By proving that metal accumulation occurs in peri-implant bone and bone marrow, our findings add
significance to in vitro studies using cells of bone and bone marrow origin as models for evaluating
functional and cytotoxic effects of acute metal exposure.
To extend the meaningfulness of existing in vitro studies based on a bone-on-chip model we currently
develop a sample holder that allows for a controlled liquid environment, usable in Synchrotron CT
setups, exploiting the high sensitivity and spatial resolution at very high scanning speeds. The aim is
to have a time-resolved 3D bone tissue response after controlled metal particle exposure as
previously assessed in real human conditions. By that we will not only have assessed the exposure
scenario but also its impact on living tissue helping for saver materials and thus better patient benefit.
Existing methods rely on animal experiments. Bringing organ-on-a-chip to the Synchrotron will thus
help to reduce use of animals which has not only an ethical but also a commercial advantage for
R&D of pharmaceutical or medical device industry. Eventually, combining data obtained through
high resolution chemical imaging at ID16B and ID21 with time-resolved 3D in-vitro imaging such
as at ID19 will draw a picture that could not be generated without sophisticated facilities like the
ESRF.

Figure 1: Left: Radiography of a hip joint and corroded implant pieces after explantation. Middle: Histology
image showing bone and bone marrow. Right: XRF map collected at ID21 showing Co and Cr deposition into
the bone marrow tissue regions.
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Engineered nanomaterials (ENMs) have become a fast growing economic sector. As a
consequence of the many debates concerning their safety, efforts are developed at international
and national levels to develop a code of ethics for a safe and responsible development of ENMs.
A sustained growth of the nanotechnology industry will rely heavily on the characterization of
risks to the environment (water and soil resources, trophic transfers, biodiversity) and human
health that may be posed by ENMs in relevant exposure conditions (low doses, mid-/long-term,
trophic and transgenerational transfers, etc.)
In this regard, physical-chemists, (micro)biologists, and ecologists need to conduct meaningful
experiments to study the environmental risk of ENMs with access to relevant mechanistic data
across several spatial and temporal scales (Auffan et al. 2019). Experimental devices as
mesocosms that can be tailored to virtually mimic any ecosystem appear as particularly wellsuited (Auffan et al. 2014) for the determination of the (bio)degradability, (bio)distribution,
(bio)transformation, and impacts of ENMs. However, adhering to environmentally relevant
exposure scenarios implicitly represents a technical challenge since it requires to explore the
localization and the speciation of a target chemical element at relevant and consequently low
doses in complex matrices, which is critical in the fields of environmental and biogeochemistry
sciences.
These past few years, the significant improvement of X-ray imaging (2D and 3D) and X-Ray
Absorption Spectroscopy techniques in term of detection limit and resolution (spectroscopic
and spatial) helped us to determine unambiguously and with greater precision the speciation
and distribution of the probed metal composing ENMs in sediment, biota, nanomaterials... The
positive impact of these techniques will be discussed based on examples dealing with the
behavior and fate of TiO2-, CeO2- and Ag-based ENMs in ecologically relevant conditions
(Tella et al. 2014, 2015) and obtained both on synchrotron beamlines and laboratory apparatus.
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Nanosized TiO2 is one of the most produced nanomaterials, and there is an intense debate at the
EU level on the ban of TiO2 additive (E171) in food products. TiO2 nanoparticles (TiO2-NPs)
released from consumer products end up into the sewer system, and are accumulated in sewage
sludge. Agricultural soils are a major compartment of accumulation due to the use of sewage
sludge as a soil amendment. TiO2 is naturally present in soils, and distinguishing between
anthropogenic and natural TiO2 in soils is thus important to measure anthropogenic inputs and to
assess the risks associated with the use of nano-TiO2.
Methods to identify these materials in complex matrices such as soils are currently lacking. In
this study, the potential of physical techniques (micro and nano X-ray fluorescence (XRF)
performed on ID21 and ID16b, X-ray absorption spectroscopy (XANES), X-ray diffraction
(XRD) performed on BM25 and transmission electron microscopy coupled with X-ray
microanalysis (TEM-EDX)) to distinguish natural versus anthropogenic particles has been
investigated [1]. Three matrices were compared: sewage sludge, agricultural soil that had never
received sewage sludge, and sludge-amended soil. Particle size and crystal structure were not
specific of the source. The morphology of the TiO2 particles proved to be different in the two
matrices studied, with smooth faceted particles in the sludge and rough irregular ones in the soil.
In addition, natural TiO2 particles were included in micro and macroaggregates of the soil and
formed intricate assemblages with minerals and organic compounds. In the sludge, TiO2 formed
homo and heteroaggregates of simpler structure, richer in organic matter. The observed
differences may attenuate over time due to the weathering of TiO2 minerals and to the progressive
incorporation of anthropogenic TiO2 within soil aggregates. So it is likely that with time,
engineered TiO2 becomes indistinguishable from the natural background in soils.
Then, the effects of sewage sludge containing TiO2-NPs used as an amendment in agricultural
soil were assessed on plants (tomato) during a full plant life cycle (until fruit ripening)[2]. The
sewage sludge amendment increased plant growth without causing major changes in biochemical
responses, except for a decrease in leaf tannin concentration. Changes in elemental concentrations
(mainly Fe, B, P, Na, and Mn) of plant stem, leaves and, to a lesser extent fruits were observed.
No significant Ti enrichment was detected in tomato fruits. Fourier-transformed infrared (FTIR)
analysis performed on ID21 showed effects on plant leaves (decrease in tannins and lignins and
increase in carbohydrates) but no effects on fruits. In conclusion, the sewage sludge amendment
containing TiO2-NPs improved plant yield probably due to its high organic matter and nutrient
content, and did not lead to significant changes in the edible part of tomato. Effects on the long
term, with increasing TiO2 inputs should be evaluated, as well as effects on other crops and on
soil bacterial communities.
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Silver nanomaterials (nano-Ag) are one of the most abundant engineered nanomaterials in
the consumer market, with a plethora of uses largely based on exploiting their antimicrobial
properties, such as textiles, medical applications and cleaning products [1]. A major
pathway for nano-Ag release into the environment is the application of sewage sludge to
agricultural soils. Their chemical form in soils affects the overall impact they have on the
soil ecosystem, for example in the rate at which nano-Ag is taken up by organisms [2] and
the toxicity of nano-Ag which is taken up [3]. While nano-Ag behaviour in soils has been
studied in some detail, few have extended this to examining uptake across the plant–soil
interface. Here, we detail studies into nano-Ag speciation in a range of cropped soils with
different properties, including the role of the plant–soil interface in determining speciation,
as well as speciation in the plant roots themselves. The work was undertaken using Ag Kedge XANES and EXAFS spectroscopy performed at Diamond Light Source (Oxford, UK)
and The Australian Synchrotron (Melbourne, Australia).
Three different soils with varying characteristics were dosed with three different forms of
Ag: pristine 20-nm Ag nanoparticles, aged 27-nm Ag2S nanoparticles and the dissolved,
ionic form (as AgNO3), to concentrations of 10 mg Ag/kg soil dry weight. Wheat (Triticum
aestivum) was germinated in the dosed soil and the bulk soil sampled at determined time
points. In addition, to investigate the effect of the plant–soil interface, for one of the soils at
14 days post emergence of shoots, soil fractions were operationally separated by their
proximity to the root: as bulk soil (soil unaffected by the roots), loosely-attached soil
(which could be removed from the roots by shaking) and rhizosphere soil (closely adhered
to roots).
In this presentation, we will highlight the key results, demonstrating the importance of soil
properties, time and proximity to roots on Ag speciation. For example, we show
sulphidation is the dominant ageing transformation, but the rate at which pristine nano-Ag
are sulphidised depends on soil properties. We will discuss these results in the context of
environmental exposure and risk, and detail how these results have been incorporated into
multimedia nanomaterial exposure models for next-generation exposure assessment.
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Plants play an important role in introducing the engineered nanoparticles (ENPs) into the
food chain. The pathway of ENPs uptake from soil, their distribution in the edible plant parts,
and their impact in the food production are important issues to be investigated. In the present
study, Pisum sativum plants were grown at microcosm scale under medium-term TiO2 NPs
exposure, to possibly mime environmental conditions in an agricultural soil amended with
biosolids from a wastewater treatment plant in Pisa, Italy. TiO2 NPs were applied as pure
rutile, pure anatase and a mixture of both crystalline phases in the biosolid amended-soil.
Micro-XRF and μ-XANES from ID21 beamline were used for Ti elemental mapping and
crystalline phase identification to indicate a relative distribution/localization of TiO2
crystalline phases within a given cross-section of roots, as well as the possible speciation and
preferential crystalline phase uptake in the roots. Titanium in roots showed a main
localization in the rizoderma, independently of the crystalline phase. Fewer Ti spots were
found localized in the cortex or in vessel, however the roots grown in presence of a mixture
of both phases showed a main presence of anatase, suggesting a preferential adsorption and
translocation of this crystalline form through the roots. Our data indicated also a reduced
translocation of Ti to the aerial part of the plant, confirming the chemical analysis of shoots
and roots separately, which showed that Ti concentration was about 40 times lower in the
upper part than in the below ground tissues.
The TiO2 NPs were characterized on the basis of their size and shape by TEM analysis.
Moreover, observations on cell ultrastructure of control and of anatase, rutile and mixture of
both crystalline phases treated roots were performed. The root cells of plant grown in the
presence of all NPs treatments shared the same alterations of ultrastructure: mitochondria
with swollen cristae, nuclei with condensed chromatin, and part of the cytoplasm degraded,
probably in consequence of an autophagic process. As detected by μ-XRF and μ-XANES,
electron dense prismatic or round profiled particles of about 30-40 nm were observed mainly
in form of aggregates in the intercellular spaces or crossing the wall of the cells next to
rizoderma and in the cortex cells. Furthermore, the anatase treated cells were mostly damaged
in respect to control and rutile treated roots, and more frequently internalized NPs were
observed in these samples.

Nanoscience Foundries and Fine Analysis (NFFA): the widest range of
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NFFA•EUROPE is a distributed research infrastructure which offer access to state-ofthe-art facilities and instruments for multidisciplinary research projects at the nanoscale. It
deals with a large panel of research field from synthesis to nanocharacterization to theory
and numerical simulation. In particular fine analysis with Synchrotron, FEL and Neutron
radiation sources. Each institutes is integrated in a local node to offer transnational access
and enable European and international researchers from diverse disciplines to carry out
advanced proposals impacting science and innovation. NFFA enables coordinated access
to infrastructures on different aspects of nanoscience research that is not currently available
at single specialized ones and without duplicating their specific scopes.
Approved user projects have access to the best-suited instruments and support
competences for performing the research. Their access includes several “installations” and
is coordinated through a single entry point portal to build up a personalized access
programme with an increasing return on science and innovation production. Until now, the
majority of submitted proposal are linked with materials science, chemistry or physics, but
there is a will to enlarging the community of NFFA’s user and especially increase proposal
dealing with nanosafety research topics, nanosafe by desing and life cycle assessment of
nanoparticles.
We will present NFFA project and collect every feedback for potential future
enlargement of the catalogue, in particular to intercept the needs from the nanosafety
community.
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