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Welcome 

Dear Colleagues, 

Nano objects represent a powerful “enabling technology” leading to revolutionary breakthroughs 

in many different areas vital for humanity including medicine, energy, environment, etc. and also 

preserving the rare mineral resources by rendering matter more efficient. 

For one of the first time in the science history, risks have been taken into account since the very 

beginning of the manufactured nanomaterials and Nanosafety is now considered as a specific 

new scientific area, gaining in importance and maturity each days thanks to our dynamic        

community spread all over the world. 

Following the successful outcome of the four past international conferences on Safe Production 

and Use of Nanomaterials: Nanosafe 2008, 2010, 2012 and 2014, the Platform NanoSafety 

“PNS” has the pleasure to welcoming you again to Minatec, Grenoble, for this fifth edition 

with some of the most famous specialists in the field. 

This year, the subtitle of the conference has been slightly changed to “Health and Safety Issues 

Related to Nanomaterials” in order to welcome inboard two new topics: Urban                

Nanoparticles and some aspect of Nanomedicine, in addition to the usual issues            

addressed in previous Nanosafe conferences such as Detection and Characterization, Expology, 

Release from Nano-enabled Products, Safer by Design Nanomaterials and Process, Risk      

Management, Nanoproducts to waste, Toxicology, Environmental Interactions, Regulation and 

Standardization and Nano Responsible Development. 

Furthermore, three 3 round tables are organized in order to promote friendly discussions between 

attendees: Nano-Responsible Development, Urban Particles Mitigation: What is              

Reasonably Possible, Nanomedicine: Benefice/Risk. 

 

This conference represents the opportunity to exchange about Nanosafety issues with 

other researchers from more than 28 countries.  

 

Enjoy this new edition! 

The Nanosafe 2016 Organizers 

 

 

François TARDIF Philippe CHARLETY Gaelle CHARLIER Jean-François 

 DAMLENCOURT 
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Opening1 
 

THE EU RESEARCH POLICY FOR THE SAFETY OF NANOTECHNOLOGIES 
 
Georgios Katalagarianakis1, (1) European Commission, DG Research & Innovation, COV2 05/153, 
1049 Brussels, Belgium 
 
 
Nanotechnology is referred to as the new "general purpose technology" of the 21st century, a 
springboard for long-term productivity increases in several sectors, for economic growth, and as a 
means of addressing grand societal challenges. As it is normal with every new technology, concerns 
about its safety are raised. At the same time societal requirements for regulating possible, or 
perceived as possible, risks have moved upfront. Benefits from nanotechnology deployment are 
possible only if the potentially related risks are under control. 
 
It is imperative to ensure safe development and application of nanotechnologies through a solid 
understanding of their potential impact on health or on the environment. This in turn calls for precise 
quantification of risks and new technology to reduce or eliminate risks altogether through safe-by-
design approaches. 
 
Mindful about these concerns, the European Commission has actively promoted and supported 
research and development towards innovation in this area. It funds a number of projects 
(http://www.nanosafetycluster.eu/) as integral part of the much larger investment in nanotechnology 
and its applications. It strongly supports international cooperation to face this global challenge. 
 
Scientific research should provide the generic new knowledge to be used as scientific basis for the 
next steps. Regulatory research builds upon this basis for consistent development of regulations in a 
number of application areas and opens the way for both the deployment of the technology and the 
development of the skills necessary for its implementation. Implementation of the new risk 
management knowledge at the everyday industrial routine level will be assisted through a coordination 
action (EC4SAFENANO) starting in November this year bringing together the nanosafety centres 
across the EU. The next step will be to implement a form of governance for addressing the challenges 
of Information, Communication, Feedback and Progress assessment towards the goals.  
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Opening2 
 

NANOMATERIALS VS AMBIENT ULTRAFINE PARTICLES: AN OPPORTUNITY TO EXCHANGE 
TOXICOLOGY KNOWLEDGE 

 
Flemming R. Cassee1, (1) National Institute for Public Health and the Environment, Bilthoven, 
Netherlands ; Institute for Risk Assessment Studies, Utrecht University, Utrecht, Netherlands  
 
 
A rich literature exists that has demonstrated adverse human health effects following exposure to 
ambient air particulate matter (PM), with strong support for an important role for ultrafine (nano-sized) 
particles. At present, relatively little human health or epidemiology data exists for engineered 
nanomaterials (NM) despite clear parallels in their physicochemical properties and biological actions in 
in vitro models. NMs are available in a range of physicochemical characteristics which allow a more 
systematic toxicological analysis. Therefore, the study of ultrafine particles (UFP, <100 nm in 
diameter) provides an opportunity to identify plausible health effects for NM, while the study of NM 
provides an opportunity to facilitate the understanding of the mechanism of toxicity of UFP.  A 
workshop of experts systematically analysed the information available and identified 19 key lessons 
that can facilitate knowledge exchange between these discipline areas. These range from the 
availability of specific techniques and standard protocols for physicochemical characterization and 
toxicology assessment, to understanding and defining dose and the molecular mechanisms of toxicity. 
This review identifies a number of key areas where additional research prioritisation would facilitate 
both research fields simultaneously. There is now an opportunity to apply knowledge from NM 
toxicology and use it to better inform PM health risk research and vice versa.  
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Opening3 
 

SAFE AND SUSTAINABLE NANOTECHNOLOGY – USING TOXICOLOGY TO BENEFIT 
INNOVATION AND DEVELOPMENT 

 
Vicki Stone1, (1) Heriot-Watt University, Edinburgh, UK 
 
Nanomaterials are highly diverse. Exploitation of their highly interesting physicochemical 
characteristics has allowed the development of a wide range of new and exciting commercial 
products.  When designing a new nanomaterial or nanostructured material scientists have a wide 
range of substances to choose from and so what strategy should be employed to allow effective and 
efficient development.  Obviously assessing the effectiveness of the material relative to the application 
being developed is key, but once a short list has been identified, how do you prioritise further? 
 
The physicochemical characteristics that influence how nanomaterials behave also influence how they 
enter the human body, interact with cells and molecules, ultimately influencing their potential safety or 
toxicity. Toxicology studies have revealed that a range of properties such as composition, size, shape 
and charge can all influence toxicity.  This toxicity includes local effects at the point entry into the body 
(e.g. lungs following inhalation) as well as at distal sites (e.g. the liver and immune system).  This 
presentation will discuss how this information can be used by industry, chemists and material 
scientists to inform the design choices for nanomaterials and nanostructured materials as well as the 
safe handling of nanomaterials.   
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Opening4 

 
APPLICATION OF NANOTECHNOLOGY TO MEDICINE: RECENT DEVELOPMENTS, 

CHALLENGES AND PERSPECTIVES 

 

Simona Mura1, (1) Associate Professor University Paris-Sud XI, Faculty of Pharmacy, Institut Galien 
Paris-Sud, UMR CNRS 8612 - simona.mura@u-psud.fr  
 

 

Advanced nanoscale systems for drug delivery have recently received tremendous attention, in ––
particular from the field of medicine. The need for drug nanocarriers that efficiently target diseased 
areas in the body arises because drug efficacy is often altered by non-specific cell and tissue 
biodistribution, and because some drugs are rapidly metabolized or excreted from the body. Owing to 
impressive progress in material science and pharmaceutics, a broad range of nanocarriers with 
diverse sizes, architectures and surface properties have been designed. The size of the carriers is 
typically small (from a few tenths to a few hundreds of nanometres) so as to allow systemic 
(intravenous) or local (mucosal) administration, and to promote their diffusion within the cell. Moreover, 
current surface-functionalization methodologies can impart nanocarriers the ability to control, at least 
in part, their pharmacokinetics and biodistribution. Surface shielding with a hydrophilic PEG shell 
prolonged circulation half-life of nanomedicines, thus allowing preferential passive accumulation in 
tumor tissues due to the “enhanced permeability and retention” (EPR) effect. Decoration with various 
ligands conferred specific cell-targeting ability. Nanomedicines which integrate the simultaneous 
detection and treatment of a disease (nanotheranostics) have been also proposed in the continuous 
effort to improve sensitivity and precision in disease screening/diagnosis as well as the effectiveness 
of treatment strategies. In addition, nanotheranostic are likely to prompt the nanomedicine field toward 
the personalized medicine. 
 
Nanotechnology-based drug delivery has shown promising results, however, despite the wide 
enthusiasm and the promises associated to the presentation of each new nanomedicine, only few of 
them have been approved for clinical applications and reached the marketplace. It is clear that 
translation of nanomedicines from the bench to the bedside is not straightforward. 
 
The most significant progresses in the field of nanomedicine, challenges and future perspectives will 
be presented. 
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PL1 
 

DEVELOPMENT OF MINIATURE SIZERS FOR ULTRAFINE PARTICLE MEASUREMENT 
 
Da-Ren Chen1, (1) Particle Laboratory, Department of Mechanical and Nuclear Engineering, Virginia 
Commonwealth University, Richmond, VA 23059, USA 
 
Ultrafine particles (UFPs) with diameters smaller than 0.1 µm are omnipresent in ambient air. They are 
major sources for fine particles produced through the agglomeration and/or vapor condensation. 
Because of their unique physical, chemical and even biological properties UFPs have also been 
manufactured for industrial applications. Recent epidemiologic studies have however evidenced UFPs 
are particularly relevant to human health, like pulmonary diseases (Hoek et al, 2002; Stewart et al, 
2010). The increased asthma prevalence has also been found to often occur in the area with high UFP 
levels in ambient air (Samet et al, 2000; Salam et al, 2008). Because of the high diffusivity of UFPs it 
is desired to monitor the spatial distribution of UFPs in the ambient or near the surface. The demand 
for cost-effective aerosol sensors in much smaller packages for portability and ease of use is 
increasing. 
  
Electrical mobility based technique has been applied to measure the size distribution of ultrafine 
particles for decades. The development of existing aerosol electrical mobility based instruments was 
primarily designed for scientific studies in laboratories. These instruments typically have high sizing 
resolution and sensitivity. They are however bulky in package size, heavy in weight and expensive in 
cost, thus not suitable for the latest applications that we are facing. Cost-effective and compact DMAs 
for ultrafine particle monitoring are in high demand. Ranjan and Dhaniyala (2008) designed a 
miniature electrical-mobility aerosol spectrometer (MEAS). Note that the numerical modeling of the 
prototytpe was published in 2007. The prototype however has low sizing resolution (because of only 
seven electrodes used in the classification regime), resulting in the difficulty for retrieving precise 
particle size distribution. Compact DMAs are also found in portable particle sizers in the market. 
Examples of portable units include portable aerosol mobility spectrometer (PAMS) by Kanomax, 
Nanoscan 3910 by TSI Inc., Naneum Nano-ID PMC500 (Steer et al., 2014) and Grimm Mini wide 
range aerosol spectrometer (WARS). These instruments are either large in its final package, heavy in 
weight, low resolution in particle sizing or expensive in cost. Lighter and more cost-effective particle 
sizers remains in high demand for the ultrafine particle monitoring. In the Particle Laboratory we have 
been working on the miniaturization of particle sizers based on particle electrical mobility technique for 
quite a while. A review of our effort in the development of ultrafine particle sizers will be given in this 
presentation.
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PS1-1 
 

QUANTIFICATION OF ORGANIC AND INORGANIC PARTICLES BY LAAP-TOF-MS  
 
R.Gemayel1, B. Temime-Roussel1, H.Wortham1 and S. Gligorovski1, (1) Laboratoire Chimie de 
l’Environnement (LCE), CNRS UMR 7376, Aix Marseille Université, (Case 29), 3 place Victor Hugo,   
F - 13331 Marseille Cedex 3, France 
 
 

Laser Ablation Aerosol Particle Time-of-Flight Mass Spectrometer (LAAP-ToF-MS) is a novel 
instrument intended for on-line and continuous measurements of atmospheric particles. LAAP-ToF-
MS, based on laser desorption and ionization provides information on the aerodynamic diameter and 
chemical composition of individual aerosol particles.  
We tested the performances of the instrument and we developed an analytical methodology for 
continuous monitoring of particle size distribution and their composition using this instrument, which 
allows both qualitative information on single particle and quantitative information about ambient 
particle ensembles (Gemayel et al., 2016). 
 
 

 Figure 1: Evolution of the intensity 
of nitrate specific ions (NO2- and 
NO3-) detected by the LAAP-ToF-
MS for aerosols between 400 nm 
and 650 nm in an interval time of 5 
min and the evolution of the mass 
concentration of nitrate present in 
aerosols between 400 nm and 650 
nm detected by the HR-ToF-AMS 
in an interval time of 2.5 min. 

 

 

Here we present, the results of an experimental campaign conducted in the city center of Marseille. 
The development and validation of analytical methodologie allowing the quantification of nitrate, 
sulfate, chloride, elemental carbon and organic aerosol, are described. These methodologies were 
validated by intercomparison (figure 1) with a High Resolution Time of Flight Aerosol Mass 
Spectrometer (HR-ToF-AMS). The analytical LAAP-TOF-MS methodology enables quantitative, high 
temporal resolution measurements of the chemical composition of ambient particles, and offers a 
novel approach for chemical characterization of single atmospheric particles, providing new insights in 
aerosol science and atmospheric chemistry and physics, in close relation to health effect studies. 
 
 
Gemayel, R., Hellebust, S., Temime-Roussel, B., Hayeck, N., Van Elteren, J. T., Wortham, H., and Gligorovski, S.: The 

performance and the characterization of Laser Ablation Aerosol Particle Time-of-Flight Mass Spectrometry (LAAP-ToF-

MS), Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-356,  2016. 
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PS1-2 
 

AN AUTOMATED SCANNING ELECTRON MICROSCOPY PROCEDURE FOR NANOPARTICLE 
CHARACTERISATION IN WORKPLACES 

 
Kirsten I Kling1, Anders B Bluhme2,1, Ismo K Koponen1, Antti J Koivisto1, Keld A Jensen1 (1) National 
Research Center for the Working Environment,  Lersø Parkallé 105, 2100 Copenhagen, Denmark 
(2) DTU Nanotech, Department of Micro- and Nanotechnology, Oersteds Plads Building 345E, 2800 
Kgs. Lyngby, Denmark  
 
We are presenting an automated scanning electron microscopy (SEM) procedure for aerosol and 
manufactured nanoparticles and suggest using this novel protocol as a standard operation procedure 
in workplace measurements.  
Most morphological and compositional studies of lower µm- to nm-size particles are done using 
transmission electron microscopy (TEM). Achieving sufficient data of complex aerosols by manual 
point-by-point analyses is very time consuming and the selection of particles may be affected by 
analytical and accidental user-bias. Automated single particle analysis with SEM/EDS has been 
applied for many years in material characterization and atmospheric sciences. The use of analytical 
SEM for the identification and quantification of nanoparticles in complex mixtures is a challenge, 
because it requires high spatial resolution and nano-beam capabilities for morphological and 
elemental analysis. Samples from industrial working environments (manufactured, incidental and 
natural nanoparticles) are often agglomerated and mixed with other compounds and/or coated. Recent 
technological developments in SEM and automatization make analysis of such mixtures generally 
accessible and feasible. 
We reviewed and tested automated particle and feature detection in three of the most common EDS 
systems for SEM. The typical data-output is a data sheet with size and morphology information (pixel 
area) alongside with elemental composition, either classified or as counts per energy range. By 
computerised processing of these data, we are able to derive more relevant information, such as the 
fractal dimension and the presence of a coating on a number of particles, e.g. by relating the slope of 
an increase in concentration of an element to the particle size. Re-arranging sample and detector 
setup, e.g., by using STEM images for processing, increases the spatial resolution and enables better 
detection and sizing of nanoparticles. The chemical detection and classification of particles with very 
small interaction volume is further improved by a re-defined classification scheme for low-kV-EDS. 
This enables detection of low-contrast materials; e.g., organic pigments and carbon nanotubes 
potentially present in dusts generated by production and mechanical reduction of commercial polymer 
materials. 
We demonstrate the procedure on different complex samples and advocate for standardisation of the 
analytical procedures to enable more efficient and reliable data provided by the SEM/EDS technique. 
 

 
 

Colorcoded processed image of CNT-fragments from automated SEM analysis.  

The average diameter of the CNT in the image derived from data processing is 15 nm 
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PS1-3 
 

LASER INDUCED BREAKDOWN SPECTROSCOPY, A METHOD TO MEASURE AND 
CHARACTERIZE THE PERSONAL EXPOSURE TO AIRBORNE PARTICLES 

 
Quentin Renot1, Michel Pourprix1, Jean-Baptiste Sirven2, Simon Clavaguera1, (1) NanoSafety 
Platform, CEA – Grenoble France, 17 rue des martyrs 38000 Grenoble (2) Analytical Studies and 
Reactivity of Surfaces Service, CEA – Saclay, 91191 Gif-sur-Yvette, France   
 
Since 1990, awareness of the environmental and health impacts caused by aerosols has led many 
technological developments to better asses the associated risks. In this context, our current project 
consists in developing a global solution to evaluate the personal exposure to particles by means of a 
handheld device based on electrostatic precipitation, coupled with LIBS analysis of particles deposits.  
This device first charges particles from a sampled atmospheric aerosol. An important innovation of this 
project is that charged particles are collected on a metallic substrate, by the principle of electrostatic 
precipitation, along concentric circles with a size-dependent radius. Using standard Polystyrene 1µm 
particles and a Condensation Particle Counter (CPC), collection efficiencies of this sampler were 
found to achieve 95%. Then, on the one hand, the particle number concentration can be determined 
on-line by measuring the current on the substrate induced by the collection of charged particles. On 
the other hand, the particles deposit on the substrate can be analyzed off-line by LIBS. As the laser 
beam can be tightly focused to analyze concentric circles with a high spatial resolution in the radial 
direction, it is then possible to determine the particles composition and size distribution.  
This poster will present the preliminary results of LIBS analysis of particles collected on metal 
substrates. Our first objective was to determine a substrate adapted to the different types of particles 
of interest, taking into account the possible spectral interferences. Then, the temporal parameters of 
the measurement (gate, delay and integration time) were investigated and optimized both for metal 
and dielectric particles. The next step will be to determine the analytical performances for quantitative 
analysis, particularly the mass detection limits for different particles, and finally to implement the 
space-resolved analysis of substrates to measure the particle size distribution. 
This use of LIBS, coupled to an individual collection device, will provide an innovative solution to 
measure and characterize the personal exposure to airborne micro- and nano-particles.  
The research leading to these results has received funding from CEA Nanoscience and Toxicology 
Cross Divisions programs under the project entitled NEMO.  
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PS1-4 
 

AEROSOL NANOSTRUCTURE STUDY WITH POROUS GRIDS – A REVIEW 
 
Olivier Le Bihan1, Christophe Bressot1, Morgane Dalle1, Laurent Meunier1, Olivier Aguerre-Chariol1,  
(1) INERIS, F-60550 Verneuil en Halatte, France  
 
The study of particle morphology is a key step in risk assessment related to the inhalation of 
nanoparticles. The analysis is generally ensured by TEM (Transmission Electronic Microscope). Up-to-
now, using porous TEM grid is one of the easiest technique to provide samples.  
On the one hand, the present communication reviews applications using the technique, and on the 
other hand, provides feedback from the state of the art to support the set of sampling time, which is a 
key parameter for users. 
The sampling on porous grid technique has been introduced by VTT (Lyyränen 2009) and assessed 
by INERIS developing and using a Mini Particle Sampler (MPS, www.ecomesure.com), both in a 
theoretical and experimental point of view (R’mili 2013). AIST (Ogura 2014) confirmed these results. 
The main interest of this technique is that the sampling support is also the support of analysis. The 
MPS sampler is low cost, portable and easy to use. The grid is immediately available for analysis as 
soon as the sampling is stopped. 
A state of the art about the use of MPS shows there is a growing number of applications. Regarding 
nanosafety, the MPS is carried out for exposure assessment at the workplace as well as the study of 
emissions from powder handling, dustiness testing, mechanical solicitation of end-products, processes 
(e.g. deposit of nanoparticles on textiles), exposure of consumer, end of life (e.g. characterization of 
incineration fumes), characterization of exposure during in vivo and in vitro toxicological studies, etc. 
Some Guidance or future Standards are supporting the use of MPS. 
Applications appear also in other fields, such as car exhausts, road particle release, exposure in cars, 
air quality in clean rooms, worker exposure to diesel fumes or brakes emissions, etc.  
The sampling time is an important parameter to consider for providing good samples to the 
microscopist. It is recommended to each user of MPS to feed-back his own experience from his 
specific sampling conditions. Such an approach is illustrated on the Figure below where optimized 
sampling time has been plotted versus the related total number concentration provided by a CPC in 
the submicronic range. This feed-back is based mostly on studies conducted at a flow rate of 0.3 lpm 
in various contexts. As a result, the operator can assess the order of magnitude of the sampling time 
by using the total number concentration measured simultaneously in real time.  
 

 
Figure 1: MPS sampling time regarding total number concentration 

 
 

Acknowledgements: EU Nanoreg Program, Pr. 190 (French Ministry of Environment).  
 
Lyyränen, J., Backman, U., Tapper, U., Auvinen, A., Jokiniemi, J (2009) A size selective nanoparticle 
collection device based on diffusion and thermophoresis. J Phys Conf Ser 170: 012011.  
R’mili, B., Le Bihan, O.L.C., Dutouquet, C., Aguerre-Charriol, O., Frejafon, E (2013) Particle Sampling 
by TEM Grid Filtration. Aerosol Sci Technol 47: 767–775.   
Ogura I., Hashimoto N., Kotake M., Sakurai H., Kishimoto A. and Honda K., (2014) Aerosol Particle 
Collection Efficiency of Holey Carbon Film-Coated TEM Grids. Aerosol Science and Technology 48:7, 
pages 758-767. 
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PS1-5 
 
EXPERIMENTAL STUDY OF THE PERFORMANCES OF VARIOUS CONDENSATION PARTICLE 

COUNTERS CHALLENGED BY STEADY-STATE AIRBORNE DEHS PARTICLES 
 
Sébastien Bau1, André Toussaint1, Raphaël Payet1 and Olivier Witschger1, (1) Institut National de 
Recherche et de Sécurité (INRS), Laboratoire de Métrologie des Aerosols – F 54519 Vandoeuvre les 
Nancy, France 
 
Strategies for measuring occupational exposure to aerosols of nanomaterials highlight the use of 
techniques for measuring airborne particles number concentration as well as their number size 
distribution, e.g. [1, 2]. Number concentration is the most frequent characteristic used for airborne 
nanoparticle monitoring, task emission classification, or protective equipment performance evaluation 
against nanoparticles. In addition, this parameter is of great interest in the context of characterization 
of diesel exhaust. Consequently, providing intercomparison data as well as calibrating and checking 
Condensation Particle Counters (CPC) are among the key elements to ensure reliable lab or field 
measurement campaigns. The objective of this work was to set up a reference system for conducting 
laboratory verification campaigns of CPC. 
For this purpose, a reproducible aerosol source (“calibration tool”, Figure 1a) was developed by Koch 
et al. [3, 4]. Contrary to the primary calibration of a CPC, this protocol allows a wide range of number 
concentrations and particle sizes to be investigated and reproduced. 
In a first step, the detailed characterization of this system has been the subject of a parametric study. 
Used in combination with a reference counter, this equipment can now be used in routine following a 
specific procedure, the whole being called DCC for Device for Counter Check. 
The core of this work relies in the comparison of the number concentrations measured in parallel, at 
the exit of a flow splitter, by different CPC under study with regard to a reference CPC. The latter 
reference is a stationary butanol CPC (Grimm model 5.403) operated at a flow rate of 1.5 L.min-1 (high 
flow mode) and calibrated prior to the different measurement series. The variability in the number 
concentration reported by several specimens of handheld CPC 3007 can reach up to 25 %, as shown 
in Figure 1b. Further results obtained with other models of CPC will also be discussed. 
 

 
 

Figure 1a 
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Figure 1b 
 
 
 
[1] Witschger, O., Le Bihan, O., Reynier, M., Durand, C., Marchetto, A. and Zimmermann, E. 

(2012). Hyg. Sécurité Travail, 226, 41-55. 
[2] Methner, M., Hodson, L. and Geraci, C. (2010). J. Occup. Environ. Hyg. 7, 127-132 
[3] Koch, W., Pohlmann, G. and Schwarz, K. (2008). J. Aerosol Sci., 39, 150-155. 
[4] Koch, W., Lödding, H. and Pohlmann, G. (2012). J. Aerosol Sci, 49, 1-8. 
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ELECTROCHEMICAL CHARACTERIZATION OF SUSPENSIONS OF OXIDIC NANOPARTICLES 
IN BIOLOGICAL MEDIA 

 
Carlo Baldisserri1, Magda Blosi1, Simona Ortelli1, Luca Viale1, Anna Luisa Costa1, (1) CNR-ISTEC, via 
Granarolo 64 48018 Faenza, Italy 
 
Full characterization of nanoparticle (NPs) dispersion (nanosol) in biological systems requires the 
application of a wide range of techniques. At present, a large share of data on the physicochemical 
state of nanosols in water-based media (colloidal characterization) is in the form of particle size 
distribution (PSD) and zeta potential data, in the most cases obtained by techniques such as Dynamic 
Light Scattering (DLS) and electrophoretic light scattering (ELS). Since the effects of metal ions on the 
welfare of living cells has long been recognized, NPs suspensions are often characterized as to their 
content of such ions, which in some biological media may be directly leached from NPs. 
Determinations of ion concentration are often obtained by ex situ techniques such as inductively 
coupled plasma (ICP) or atomic absorption spectrometry (AAS). However, it is often hard to establish 
a clear correlation between PSD, zeta potential, ionic concentration, and the outcome of experiments 
in which biological media supplemented with variable amounts of NPs are used as cell culture media.  
As compared to the above techniques, the electrochemical characterization of nanosols in biological 
media has received less attention. This is surprising, since the chemical environment is contiguous to 
the dispersed NPs, affecting both their chemical stability and colloidal equilibria. As an analytical 
technique, electroanalysis provides very high sensitivity, ion specificity, and non-invasive in situ 
measurement capability as required to provide good data for computational simulations (NANO-
QSAR). 
Here we present and discuss some results obtained by electrochemical analysis of a few systems 
obtained by dispersing CuO NPs in biological media, detailing the available experimental windows and 
illustrating the contribution that electrochemical techniques can make to the qualitative and 
quantitative  understanding of phenomena like metal leaching from NPs and chemistry drifts occurring 
over time in NPs-added biological media. 
 
 

  
 
 

Increase of Cu concentration vs. time in CuO NPs-added mixed fetal bovine serum (FBS)/ 
Dulbecco Eagle’s Modified Medium (DMEM) biological medium as detected by cyclic 

voltammetry electroanalysis (C.Baldisserri and A. L. Costa, J Nanopart Res (2016) 18:96) 
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SILVER NANOPARTICLE INTERACTIONS WITH AQUATIC ENVIRONMENTAL RELEVANT 
CONSTITUINTS DETERMINE THEIR ENVIRONMENTAL FATE 

 
Rute F. Domingos1, Emel Topuz1, Anahita Rahimi2, (1) Institut de Physique du Globe de Paris, 1 rue 
Jussieu, 75238 Paris, France (2) University of Luxembourg, Kirchberg, Luxembourg  
 
While some knowledge has already been gained on possible transformations of pristine engineered 
nanoparticles (ENPs) in the environment, almost nothing is known about their environmental 
transformations and interactions. The highly dynamic behavior of ENPs in environmental systems 
results in a set of chemical and physical transformations including heteroaggregation and 
sedimentation. The estimate of these rates using quiescent settling experiments under 
environmentally relevant conditions is also needed for exposure modeling since no validated 
framework for the calculation of these input parameters is available. Moreover, the effects of the 
manufactured and natural coatings on these transformation rates are not established. 
The Turbiscan technology (multiple light scattering), which consists in measuring the backscattering 
and transmission intensities of an emitted light source (880 nm) vs. the sample height with high 
scanning resolution, was by the first time used to detect ENP size change (coalescence, flocculation) 
and phase separation (sedimentation) on samples measured during 3 months. Silver NPs with 
different manufactured coatings and nominal sizes were used: i) citrate, d=10 nm, ii) PEG, d=10 nm, 
iii) passivated with AgO and coated with tannic acid/sodium citrate, d=50 nm, iv) Ag2S coated with 
PVP, d=15 nm. Different concentrations of these NPs (mg L-1 to mg L-1) were dispersed in 5 different 
media of environmental relevance (synthetic freshwaters where chosen from Hammes et al. [1]); 4 
different freshwaters and 1 seawater. The waters were spiked with 7 different fractions of organic 
matter; ranging from humic to fulvic acid.  
These kinetic studies showed pronounced effects on the agglomeration and sedimentation profiles 
dependent on the composition of the waters imposed by the different ionic strength and mainly Ca 
concentrations. The different NP coatings did result in different sedimentation speeds, with AgPEG 
sedimenting faster than the citrate, and AgO with more destabilizations than Ag2S. In general, the 
presence of HS destabilizes the NPs, most probably by increasing the aggregation due to a bridging 
(flocculation) of the NPs at the low HS concentration used. Principal component analysis allowed to 
correlate the sedimentation rates with the composition of the waters, the manufactured coatings and 
the characteristics of the different HS.  
The modelling of the sedimentation assuming a hard-sphere approach encountered some difficulties, 
suggesting that a more advanced approach is required for full quantitative modelling. 
The advantages and disadvantages of this new application of the Turbiscan technology is also 
discussed.  
This work is part of the validation of the kinetic fate model developed within the GUIDEnano Project 
(EU FP7), where a web-based tool for the assessment and management of risks associated with NM-
enabled consumer products is being developed. 
 
[1] J. Hammes et al. Water Res. 2013, 47, 5350-53. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

Session 1 
MEASUREMENT AND CHARACTERIZATION OF NANO OBJECTS 

P
a

g
e

 2
0

 

PS1-8 
 
COMPARISON OF SIZE-DETERMINING TECHNIQUES FOR NANOPARTICLES IN SUSPENSION 

 
Sylvie Motellier1, Nathalie Pelissier1, Olivier Sicardy1, (1) Univ. Grenoble Alpes, CEA Tech Liten, PNS, 
DTNM, F-38000 Grenoble, France 
 
 
According to the EU commission recommendation (2011), a ‘nanomaterial’ contains 50 % or more 
particles (number size distribution) in an unbound state or as aggregate/agglomerate with at least one 
external dimension within 1 nm and 100 nm. According to French regulation, manufacturers, importers 
and distributors must declare activities involving 100g or more of a nanomaterial per year, and indicate 
characteristics such as particle size, particle size distribution in number, and state of aggregation or 
agglomeration. Consequently, the mean size and size distribution of a nanoparticle population are 
important parameters to address. 
In the case of nano-suspensions, several techniques can be used to try to achieve such goal, but they 
do not necessarily refer to the same definition of “size”. Microscopy techniques (SEM, TEM) give a 
clear insight of the “real” particle morphology but they are not always appropriate to characterize a 
whole population size distribution, particularly when it is very polydisperse. Conversely, techniques 
based on the measurement of specific particle properties (DLS) greatly depend on parameters 
(density, refractive index, etc.) that are hardly available, and hypotheses (sphericity) that may bias the 
result in a significant manner. Besides, such techniques do not refer to the “geometric” size but to a so 
called “equivalent diameter” that depends on the medium (ionic strength), and they cannot differentiate 
between primary particles and aggregates that can form in favorable conditions (IEP). 
In this study, a number of techniques have been tested to evaluate and compare the “size” of Ag 
(Fig.1) and TiO2 NPs in suspension in different case studies. Simple DLS has been compared with 
A4F-ICP-MS and TEM. sp-ICP-MS has also been proposed as a very promising new and 
straightforward application of ICP-MS to nano-sized particles characterization. XRD was also 
proposed for crystallite size determination. It was shown that in the case of well- and rather mono-
dispersed suspensions, the results are very consistent one another and the “sizes” correlate well. In 
more tricky situations, though, not one single method can be used: size and morphology can only be 
described by combining these complementary techniques. 
 
 

 
 

Fig.1: Determination of the “size” of Ag NPs in suspension by different techniques  
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PHYSICO-CHEMICAL SEPARATION PROCESS OF NANOPARTICLES AND NANOSTRUCTURED 
MATERIALS OF COSMETIC FORMULATIONS 
 
R. R. Retamal Marín1, F. Babick1, M. Stintz1, (1) TU Dresden – Research group Mechanical 
Engineering, 01062 Dresden/Germany 
 
 
Nanomaterials (NM) play an important role in the design of new products, since they allow for 
controlled variation of various products properties. This holds particularly true for cosmetic 
formulations and food products, where NM additives are employed as stabilisers, pigments, UV 
absorber, thickeners, flow enhancing agent and even more. On the other side, there is potential 
concern on the health effects of NM, because of which legal authority request reliable methods for the 
characterisation of NM in such products. Further motivations for appropriate characterisation 
techniques are process control and quality assurance. 
 
The major challenge of the described analytical task is the typically multi-disperse nature of the 
regarded product classes. Apart from the NM, the list of particulate ingredients may e. g. comprise 
submicrometre pigments, amylum particles or different lipid phases. In addition, there are different 
inorganic and organic solutes (e. g. electrolytes, sugar, emulsifiers, proteins), which affect the 
interfacial properties of all particles (e.g. by adsorption/desorption) and thus influence the “behaviour” 
of the NM in the product (dispersibility in aqueous and lipid phases, adsorption at fluid-fluid interfaces 
or on the surface of large particle). Hence, the characterisation of NM in such complex media require 
appropriate sample preparation procedures, which take account of the specific interaction described 
above. Further metrological challenges are that NM particles may cover the range from a few 
nanometres up to several tens of micrometres and the legislator’s demand for number weighted size 
distributions (Q0). The former means, that a combination different measurement techniques is 
necessary for a comprehensive analysis. The latter sets limit to the potential measurement 
techniques. 
 
The presentation proposes a set of sample preparation procedures for the detection of NM in 
emulsions-based formulations and discusses their performance for model and real-life products. One 
of these procedures is the extraction of lipid phases which facilitates the characterisation of 
hydrophobic NMs. A separation or extraction of lipid phases is achieved by means of organic solvents. 
The polarity of the lipid phases is decisive for selecting an optimum solvent. It can be shown that the 
use of the Hansen Solubility Parameters (HSP) may clearly support this decision [1]. Size distributions 
are determined with different techniques (e. g. dynamic light scattering and laser diffraction). Finally 
our experiences are employed to deduce a methodological framework for the NM characterisation.    
 
 
[1] Hansen, Charles M. Solubility Parameters - An Introduction. Hansen Solubility Parameters, A 
User's Handbook, Second Edition, pp. 1-10. CRC Press, 2007 
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SYNTHESIS AND CHARACTERIZATION OF METHYLENE BLUE- CONTANING SPIONS FOR 
PHOTODYMAMIC THERAPY 

 
Paula S. Haddad1, Karina A. Fudimura1, Amedea B. Seabra1, 2, Marconi C. Santos1 (1) Exact and 
Earth Sciences Department, Universidade Federal de São Paulo, CEP 09913030, Diadema, SP, 
Brazil (2) Center of Natural and Human Sciences, Universidade Federal do ABC, Av. dos Estados 
5001, CEP 09210-580, Santo André, SP, Brazil  
 
 
 
Superparamagnetic iron oxide nanoparticles (SPIONs), with appropriate surface coating, are 
commonly used for biomedical applications such as photodynamic therapy (PDT) (Fig. 1). This work 
describes the preparation and characterization of methylene blue (MB)-containing silica-coated 
SPIONs. Upon exposure to light, MB reacts with molecular oxygen and generates singlet oxygen 
(1O2) which is cytotoxic and causes irreversible damage to tumor tissues. In this work, SPIONs were 
synthesized by co-precipitation and coated with a single/double silica layer. The photoactive molecule 
MB was entrapped in the silica layer deposited on the surface of SPIONs, leading to the formation of 
hybrid nanomaterials composed of a magnetic core and silica layer. The nanocomposite exhibited 
magnetic behavior at room temperature due to the presence of its Fe3O4 core. Structural and 
morphological characterizations were performed by X-ray diffraction (XRD), Fourier transformed 
infrared (FTIR), SQUID magnetic measurements, ultraviolet-visible spectroscopy, scanning electron 
microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), and dynamic light scattering. The 
results showed the presence of a crystalline Fe3O4 magnetic core and amorphous silica phases. 
Kinetic measurements revealed 1O2 generation by the nanoparticles upon irradiation with visible light 
(λ = 532 nm or λ = 633 nm). The results highlight the potential uses of SPIONs coated with MB-
entrapped silica for PDT, whereby a sustained and localized generation of 1O2 was successfully 
achieved. 
 
 

 
 

 
 

Figure 1.  Illustrative scheme of the preparation of methylene blue (MB)-containing silica-coated 
SPIONs. 
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DETECTION OF METAL-BASED NANOPARTICLES IN ENVIRONMENTAL AND BIOLOGICAL 
MATRICES USING SINGLE PARTICLE ICP-MS 

 
Chady Stephan1, (1) PerkinElmer, 501 Rowntree Dairy Road, Unit 6, Woodbridge, Ontario, L4L 8H1 
 
During the last decade, the production and use of engineered nanomaterials (ENMs) have 
experienced a drastic increase, resulting in a potential risk of their release into the environment. 
Therefore, the study of their impact on the environment becomes crucial. The appropriate ecological 
risk assessment and management of ENMs in the environment requires quantitative measurements of 
both exposure and effects1 that should, ideally, be performed by in situ analysis and give 
physicochemical characterization. However, most analytical techniques are not suitable for 
environmental matrices since nanoparticle concentrations are typically very low2.  
 
Historically, particle size has been measured by dispersive light scatter (DLS) and tunneling electron 
microscopy (TEM), while dissolved content has been measured by ultrafiltration. These common 
techniques have known limitations for measuring low concentrations in the presence of colloidal 
species in complex waters. 
 
Alternatively, single particle inductively coupled plasma mass spectrometry (SP-ICP-MS) has been 
found to be a promising technique for detecting and characterizing metal nanoparticles at very low 
concentrations. SP-ICP-MS is fast and efficient and can provide more information than other currently 
available techniques. It can lead to the determination of particle size, size distribution, particle number 
concentration, and the concentration of dissolved metal. Moreover, it can distinguish between particles 
of different elements. 
 
The aim of this work is to investigate the efficiency of SP-ICP-MS for the detection and 
characterization of metal nanoparticles in various environmental and biological matrices where they 
can be involved in various physicochemical processes such as dissolution and aggregation.  
 

 
Figure 0 Possible fates of silver nanoparticles in surface waters: (A) Dissolution process leading to free ions release and 

smaller particles; (B) Aggregation into larger particles, which may settle out of the water, depending on the aggregate 

size; (C, D) Adsorption of released Ag+ and nAg, respectively, onto other solids present in the water; (E) Formation of 

soluble complexes; (F) Reaction with other components in the water, which may result in precipitation; (G) nAg 

remaining stable. 
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INTERACTIONS OF AgNPs WITH BIOLIGANDS: DIRECT QUANTIFICATION OF DISSOLUTION 
AND AGGREGATION USING AF4-UVD-MALLS-ICP-MS 

 
I.A.M Worms1, 2, W. Liu3, A.Arnould2, F. Rollin-Genetet4, C. Vidaud3, R. Soulas2, J-F. Damlencourt2, S. 
Motellier2, E. Mintz1, I. Michaud-Soret1, D. Truffier-Boutry2, (1) CEA – Grenoble, LCBM / BioMet 
UMR5249 CEA/CNRS/UGA, 17 rue des martyrs 38000 Grenoble / France (2) CEA – Grenoble, 
DRT/LITEN/SEN/LR2N, 17 rue des martyrs 38000 Grenoble / France (3) CEA – Marcoule, DRF/BIAM, 
30207 Bagnols-sur-Cèze / France (4) CEA – Grenoble, DRF/BIG, 17 rue des martyrs 38000 Grenoble 
 
It is largely known that both dissolution and aggregation processes influence the behaviour of silver 
nanoparticles (AgNPs) in aqueous media, including biofluids. However, a simultaneous quantification 
of all these processes can be limited by artefacts arising from the use of simple techniques and 
methods. Those include (i) changes in surface plasmon resonance (SPR) signal operating during 
surface adsorption of bioligands and aggregation of AgNPs for the quantification of dissolution 
processa,b (ii) overestimation of hydrodynamic radii using light scattering techniquesa,b (iii) difficulty in 
the separation of the dissolved, nanoparticulate and aggregate forms of silver by classical fractionation 
techniques.  
The use of hyphenated techniques able to do so such as asymmetrical flow field-flow fractionation 
(AF4), in combination to on-line detection which give the size (Multi Angle Laser Light Scattering, 
MALLS) and the quantity of associated metals (ICP-MS), is thus very promising.  
Among biofluids components, organothiols and proteins have been shown to promote either AgNPs 
surface dissolution and/or their aggregation or to stabilize them via surface corona formationc. AgNPs 
are also known to affect the integrity of proteins, in particular silver ions can displace metallic cofactors 
of enzymesd leading to loss of reactivity.  
In this study, we focus first on the use of simple organothiols such as cysteine (Cys), D-penicillamine 
(D-Pen) and glutathione (GSH) to coat 20nm citrate stabilized AgNPs and to follow, by AF4-UVD-
MALLS-ICP-MS, subsequent changes in colloidal stability after 24 hour of incubation. Several 
analytical limitations for the determination of dissolution and aggregation processes and the size of 
AgNPs (e.g. membrane interaction, changes in hydrodynamism…) are pointed out. After optimizations 
of the elution conditions and corrections of the fractograms obtained, the dissolution of AgNPs can be 
quantitatively determined. Furthermore the interactions of AgNPs with two metalloproteins: 
ceruloplasmin (Cp) and metallothionein (MT) that produce biocorona differing in their physico-chemical 
characteristics was then studied. In addition to give insight on the dissolution and aggregation of 
AgNPs, AF4-UVD-ICP-MS have allowed us to quantify metal exchange in the protein sites due to the 
presence of AgNPs. 
These results have been completed with cryo-TEM analyses allowing to probe out: the colloidal state 
of AgNPs, the size of the aggregates formed and the dissolution process by measuring size of AgNPs. 
The results show a good agreement between the two techniques.  
Altogether, these 2 example studies illustrate how these two techniques can be used efficiently in duo 
to characterize AgNPs behaviour and in turn, how they can give quantitative information on how 
dissolving NPs can affect key biological processes. 
 

a. Tomaszewska E., Soliwoda K., Kadziola, K., Tkacz-Szczesna B., Celichowski,G., Cichomski, M., Szmaja, W., 
Grobelny, J. (2013), Detection limits of DLS and UV-Vis spectroscopy in characterization of polydisperse nanoparticles, J. 
Nanomater 

b. Baalousha, M., Nur Y., Römer, I., Tejamaya, M. & Lead, J.R. (2013), Effect of monovalent and divalent cations, 
anions and fulvic acid on aggregation of citrate-coated silver nanoparticles, Sci. Total. Environ., 454-455, 119-131. 

c. Siriwardana, K., Wang, A., Gadogbe, M., Collier, W. E., Fitzkee, N. C., & Zhang, D. (2015), Studying the effects of 
cysteine residues on protein interactions with silver nanoparticles. J. Phys. Chem. C, 119(5), 2910–2916. 

d. Freitas D.N., Martinolich A.J., Amaris Z. N. & Wheeler K.E. (2016), Beyond the passive interactions at the nano-bio 
interface: evidence of Cu metalloprotein-driven oxidative dissolution of silver nanoparticles. J. Nanobiotech, 14(7) 
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IN VITRO HUMAN DIGESTION TEST TO MONITOR THE DISSOLUTION OF SILVER 
NANOPARTICLES 

 
Pasquale Bove1, Maria Ada Malvindi2, Stefania Sabella1, (1) Central Research Laboratories, 
D3_Pharma Chemistry Department, Fondazione Istituto Italiano di Tecnologia (IIT), Via Morego, 30 – 
16163, Genova, Italy (2) Center for Bio-Molecular Nanotechnologies@UniLe, EHS Platform, 
Fondazione Istituto Italiano di Tecnologia (IIT), Via Barsanti – 73010 Arnesano (Lecce), Italy 
 
 
Nanotechnology is one of the major scientific revolutions that the food industry has experienced over 
the last years. In particular, the agro-food market has exploited the well-known antimicrobial activity of 
silver nanoparticles (AgNPs), employing them as food additives and food contact materials to extend 
the shelf life of consumer products. 
Since the human ingestion by voluntary and involuntary actions is possible, the need to get 
information about the possible adverse effects raised by nanoscale silver on health is therefore urgent. 
And the knowledge of fate and identity of the molecular species arising from AgNPs biotransformation 
process in human biological fluids is fundamental. 
This argument is currently under extensive debate by regulatory agencies and academia, and poses 
important challenges to traditional toxicity testing paradigms. In fact, more proper models of risk 
assessment of the possible dangerousness of AgNPs, when used in the productive food chain, are 
necessary and useful to improve the risk perception by stakeholders. 
Within this context, our work aimed at studying the dissolution behaviour of AgNPs, simulating the 
human oral ingestion and the passage along the gastrointestinal tract. We implemented an in vitro test 
and provided a description of the bioaccessible ionic species (released free and digestive-matrix 
bound), by using a range of complementary analytical techniques. Moreover, we improved the work 
evaluating the bioavailability in vivo of AgNPs. 
Our data indicated that dissolution of AgNPs is complete already at the stomach compartment, with 
19% of released free ions and 81% matrix-bound. Passing in the intestine, the resulting ions are 
mostly bound to the digestive matrix in an extent close to 98% (which probably could be excreted by 
feces). The other 2% is bioavailable for the duodenal translocation, and could be possibly distributed, 
only in a low amount, through the blood circulation and the urinary tract. To confirm these preliminary 
observations, we extended the experimental plan with animal studies. We revealed that the major 
fraction of ingested silver is detected into the feces, whereas only a small portion of 2% bioavailable is 
found in blood and urine of mice (0.3% and 0.5%, respectively). Reasonable, the remaining 
bioavailable fraction (1.2%) is distributed in the tissues. 
Overall, these results show a correlation between the in vitro outcomes and the in vivo adsorption. 
Therefore, the dissolution test may be a useful predictive analytical tool, in vitro, for quantitative 
monitoring and risk assessment of nanoparticles with known capacity to dissolve in human oral 
exposure conditions. Its standardization may be at service of regulatory for quality control check in 
industrial nanoparticle chain. 
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ASSESSMENT OF PERSONAL EXPOSURE TO AIRBORNE NANOMATERIALS - LESSONS 
LEARNED FROM THE THREE YEAR PROJECT NANOINDEX 

 
Christof Asbach1, Ana Maria Todea1, Asmus Meyer-Plath2, Barbara Simonow2, Martie van Tongeren3, 
Laura MacCalman3, Martin Fierz4, Dirk Dahmann5, Ivo Iavicoli6, Simon Clavaguera7 (1) IUTA - 
Bliersheimer Straße 58-60, 47229 Duisburg / Germany (2) BAuA - Nöldnerstraße 40, 10317 Berlin / 
Germany (3) IOM - Research Avenue North Riccarton, Currie EH14 4AP / UK (4) FHNW - 
Bahnhofstrasse 6, 5210 Windisch / Switzerland (5) IGF - Waldring 97, 44789 Bochum / Germany 
(6) CUSC - Largo Francesco Vito, 1, 00168 Roma / Italy (7) CEA - 17, rue des martyrs 38000 
Grenoble / France 
 
Exposure to airborne nanomaterials needs to be assessed in view of worker protection. Exposure to 
airborne particles can best be determined by measuring directly in the personal breathing zone, i.e. 
within a 30 cm hemisphere around mouth and nose, which necessitates the use of personal samplers 
and monitors. Such nano-specific personal instruments have only become available in the recent 
years. In the frame of the project nanoIndEx, we thoroughly studied the capabilities and limitations of 
the novel personal samplers and monitors in both laboratory and field studies. While the samplers are 
used to collect particles for subsequent gravimetric, chemical and/or morphological analysis, monitors 
provide information on the airborne lung deposited surface area (LDSA) concentration with high time 
resolution. Some monitors also provide the number concentration and the mean particle size. The 
three-year project taught numerous lessons on both the performance of the instruments as well as on 
field studies, which can have a significant impact on future personal exposure assessment.  
The miniaturization of the instruments of course required compromises. During laboratory 
investigations, we found the accuracy and comparability of the monitors to be around ±30% for LDSA 
concentration and the mean particle size and somewhat lower for the number concentration. The 
comparability of the monitors in field studies was very similar. Wearing of the instrument was originally 
expected to affect the measurement, because of local changes in the flow and thermal field as well as 
a personal cloud around the individuals. However, we found that the comparability of personal and 
stationary measurements of a homogenously distributed aerosol was also well within ±30% or better. 
Only the scatter of the data was larger during certain activities like walking.  
The choice of sampling tube material was found capable to drastically bias a measurement with 
personal monitors using unipolar diffusion charging. Siloxanes degassing from the tube were identified 
to affect the ionic atmosphere in the charger, thus leading to erroneous concentration measurements, 
which can be easily by a factor of two or more off. This strong effect was very surprising and 
previously unknown. We investigated different tube materials and found that Tygon® tubes currently 
seem to be the best compromise. 
Another important aspect of the project was the investigation on exposure to airborne nanofibers. It 
became apparent that none of the currently available measurement techniques is capable of reliably 
measuring the concentrations of airborne fibers. This is even more problematic in view of a suggested 
very low exposure limit of only 0.01 fibres per cm³, which needs to be distinguished from other 
particles in the air, which appear at much higher concentrations. The development of a feasible 
sampling technique with a (rather laborious) SEM-based morphological quantification protocol was 
initiated. 
The presentation will discuss the various lessons learned during the project regarding the assessment 
of personal exposure to airborne nanomaterials and share our experiences with the audience. 
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EXPOSURE ASSESSMENT TO NOAA AT WORKPLACE – AN OPPORTUNITY TOWARDS A 
SAFER AND MORE RESPONSIBLE DEVELOPMENT OF NANOCOMPOSITES: NANOLEAP 

PROJECT 
 
Cécile Ducros1, Sébastien Artous1, Jose Luis Valverde Palomino2, Irene Izarra2, Juan Francisco 
Rodriguez2 Isabel Rodriguez3, Philippe Charlety1, Simon Clavaguera1 (1) NanoSafety Platform, CEA,  
Univ. Grenoble Alpes, , F-38054 Grenoble, France (2) UCLM, Ciudad Real 13071, Spain (3) IMDEA 
Nano, Madrid 28049, Spain 
 
 
Nanotechnology has rapidly promoted the development of a new generation of smart and innovative 
products and processes that are nano-enabled, and have created a tremendous growth potential for a 
large number of industry sector. In particular, nanotechnology offers substantial possibilities for 
improving the competitive position of the EU and for responding to key societal challenges. Ensuring 
the safe, sustainable and responsible development of nanotechnologies is a key objective of the 
Horizon 2020 Work Programme.1   
NANOLEAP project (NMP1-01-2014 Open Access Pilot Plants for cost effective nanocomposites) 
aims at the development of a coordinated network of specialized pilot lines for the production of 
nanocomposite based products for different civil infrastructure and building applications. The goal of 
this infrastructure is to support the research activities of European SMEs in the Construction sector in 
nanocomposite products enabling the progress of the product to next steps of technology deployment 
such as installation of industrial lines and enter in the commercialization stage. NANOLEAP project will 
also help to road-map nanosafety issues related to the production, use and handling of 
nanocomposite based products ahead of any realized risk to society. 
 
The aim of this paper is to present our approach to assess potential occupational exposure to 
engineered nanomaterials (ENMs) in the 10 different NanoLeap pilot lines (nanoparticle production, 
granulation, nanocomposite manufacturing, aerogel preparation etc…). The followed exposure 
assessment strategy is the OECD harmonized tiered approach2 presented in Figure 1: 

· tier one evaluates the available information through questionnaires sent to the pilot plan 
partners or scoping visits to decide how to proceed when exposure was likely to occur and 
potentially moderate or high.  

· tier two identify sources of potential release of airborne ENMs by observation and background 
measurements, assessing the likelihood of exposure at workplace.  

· tier three was reached when exposure was likely, and consists on measurements of personal 
exposure during tasks using personal samplers, size-resolved direct reading instruments and 
offline methods. Instrumentation were used in breathing zone of workers, in order to determine 
their potential exposure by inhalation and at fore-arms level, in order to determine potential 
exposure by dermal contact. 

 
The 10 different pilot lines and the identified exposure scenarios to ENMs were classified according to 
the volume of ENMs manufactured or handled, frequency and duration of use and the type of process 
as well as risk management measures (e.g. measures to limit/prevent release: ventilation, personal 
protection, etc.). Several scoping visits and field measurements were performed to gather information 
on emissions and occupational exposure. The aim consists in determining whether a process, or part 
of a process (operation), could potentially release nanoparticles that can be emitted to indoor air and 
that could eventually lead to potential occupational exposure. After the implementation of risk 
minimization procedures by the pilot plant partners, risk assessment will be updated. Specific training 
and organizational procedures will be implemented on each pilot plan facilities that will help to tackle 
the main nanosafety issues. 

                                                 
1 Savolainen, K.; Backman, U.; Brouwer, D.; Fadeel, B.; Fernandes, T.; Kuhlbush, T.; Landsiedel, R.; 
Lynch, I.; Pylkkänen, L. Nanosafety in Europe 2015-2025: Towards Safe and Sustainable 
Nanomaterials and Nanotechnlogy Innovations. Finnish Institute of Occupational Health / EU 
NanoSafety Cluster 
2 “Harmonized Tiered Approach to Measure and Assess the Potential Exposure to Airborne Emissions 
of Engineered Nano-Objects and their Agglomerates and Aggregates at Workplaces”, OECD, 
Env/jm/mono(2015)19, 2015 
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EXPROPNANO: TOWARDS A BETTER ASSESSMENT OF OCCUPATIONAL EXPOSURE TO 
AIRBORNE NP BY INTEGRATING WORK TASK ANALYSIS AND EXPOSURE MEASUREMENT 

 
Louis Galey1,2, Sabyne Audignon-Durand1,2, Patrick Brochard1,2, Maximilien Debia3, Stéphane 
Ducamp4, Irina Guseva Canu4, Pierre Lambert5, Olivier Le Bihan6, Laurent Martinon7, Olivier 
Witschger8, Alain Garrigou1, 2, (1) EPICENE, ESSAT, Centre INSERM U1219 - Bordeaux Population 
Health Research Center, 146 rue Léo Saignat, 33076 Bordeaux, France (2) University of Bordeaux, 
ISPED, F-33000 Bordeaux, France (3) DSEST, University of Montréal, Montréal, Canada (4) French 
national public health agency, F-94415 Saint Maurice, France (5) Laboratoire de Chimie, CARSAT - 
Aquitaine, F-33520 Bruges, France (6) INERIS, F-60550 Verneuil en Halatte, France (7) LEPI, Ville de 
Paris, F-75013 Paris, France (8) INRS, F-54500 Vandoeuvre Les Nancy, France 
 
There are numerous industry sectors and processes where worker exposures to nanoscale particles 
(NP), either unintentionally emitted or manufactured, have the potential to be significant if 
organisational and control measures and personal protective equipment are not properly defined, 
usable or used. However, too little exposure data are available today for meta-analysis for risk 
assessment or epidemiology. One reason for this observation is probably the lack of a harmonized 
and consistent approach to assess worker exposure. 
In this work, we propose a multi-tiered approach that integrates aerosol measurement and work task 
analysis. This multi-disciplinary approach aims to enhance exposure assessment and understand 
more precisely determinants of exposure. Illustrated in the Figure 1, this approach combines (i) 
information gathering; (ii) real time aerosol measurements and aerosol sampling (e.g. for electron 
microscopy analysis); (iii) contextual and observational information; (iiii) video exposure monitoring; 
(iiiii) interviews with stakeholders and construction of suitable safety measures. 
In the context of the development of the method, the proposed approach will now be tested in a variety 
of work environments, including research laboratories (involving manufactured NP) and facilities in 
aeronautic (additive manufacturing, machining, surface treatment and maintenance) and rubber 
sectors (mixture of fillers). 

 
Figure 2 : Flowchart of the proposed multi-tiered approach. 
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THE NANOSAFER V1.1 RISK ASSESSMENT AND MANAGEMENT TOOL – OVERALL 
SENSITIVITY ANALYSIS AND ASSESSMENT OF THE MODEL PERFORMANCE 

 
Keld A. Jensen1, Biase Liguori1,2, Anne T. Saber, Ismo K. Koponen, Steffen F. Hansen, Anders Baun, 
Alexander C.Ø. Jensen, and Håkan Wallin (1) National Research Centre for the Working Environment, 
Lersø Parkallé 105, 2100 Copenhagen (2)  Technical University of Denmark, Building 113, 2800 Kgs. 
Lyngby, Denmark  
 
 
Control banding methods enables a precautionary risk assessment and management when insufficient 
information is available to perform normal quantitative risk assessment. NanoSafer v. 1.1 is an 
advanced web-based control banding tool for occupational risk assessment and management of 
exposure to airborne nanomaterials. The method has recently been subject to a major revision and a 
module has been re-launched with aim to assist companies in their nanospecific workplace safety 
assessment (www.nanosafer.org). 
 
NanoSafer bases the risk assessment on nanomaterial-specific hazard grouping [water solubility, 
aspect ratio, presence of chemical modifications, occupational exposure limit of the nearest analogue 
bulk material, risk or hazard sentences of the analogue bulk material] and first order predictive 
exposure modelling [substance emission rate (estimated or determined from respirable dustiness 
index x mass-flow x relative handling energy), the amount used per work cycle, duration of work 
cycle(s), pause between work cycles, amount and duration of individual events in the work-cycle (e.g., 
pouring events), room size, air-exchange rate], considering the specific exposure scenario and 
contextual information, respectively. The final exposure scaling is made considering the volume-
specific surface area of the nanomaterial and the bulk material reference set to 30 m2/cm3. The 
potential hazard and exposure assessments are integrated for final assessment of acute and chronic 
risk in the near-field around the substance emission source and the surrounding far-field. Educational 
material is available to inform the users about the typical work situations leading to exposure risk and 
good practice for exposure management.  
 
The model has several inter-related parameters. Therefore a one-at-a-time sensitivity analysis was 
made to identify the influence and uncertainties associated with the different input parameters. 
Moreover, demonstration of the tool is performed by performance assessment using case-studies. The 
sensitivity analysis demonstrates that the outcomes are non-linear functions of the input parameters. 
Generally, the relative variation from the reference value increases with increased percentage change 
in the input value. Besides the parameters used to estimate the substance emission, the most 
sensitive parameters were found to be the room size and air exchange rate. The duration of the work 
cycle, work cycle frequency, pause between work-cycles were also important parameters for 
assessment of the short-term exposure. However, the relative importance varies with the duration of 
the work-cycle. Testing of the room-size and air-exchange-rate application domain of exposure 
assessment model shows that the upper boundary for the air-exchange rate varies between 47.3 h1 
and 111.3 h1 between 30 m3 and 3000 m3. Hence, the model is applicable to most common work 
situations. 
 
Model testing confirms that NanoSafer addresses emission control and protection of the worker at the 
process. This effect is most evident in large rooms where immediate dilution into the entire work space 
is reduced by the near-field compartment. Work in progress aims to test and demonstrate the 
performance of the NanoSafer risk assessment and management in real occupational case studies. 
The challenge is to identify case studies where highly tested nanomaterials are used in well-
characterized exposure scenarios. 
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TOWARDS AN OPTIMAL ADAPTATION OF EXPOSURE TO NOAA ASSESSMENT 

METHODOLOGY IN MULTI-SOURCE INDUSTRIAL SCENARIOS (MSIS): THE CHALLENGES AND 
THE CHOICES 

 
Jesús López de Ipiña1, Cristina Gutierrez-Cañas2, Celina Vaquero1 (1) TECNALIA – Parque 
Tecnológico de Alava, 01510 Miñano/Spain (2) Universidad del Pais Vasco – Escuela de Ingeniería 
de Bilbao, Alameda de Urquijo s/n, 48013 Bilbao/Spain  
 
 
The assessment of risks related to exposure to chemical agents at work is a well-established process 
regulated by OHS European Directives (e.g. Directives 89/392/EC, 98/24/EC, 2004/37/EC). The 
availability of a suitable instrumentation, well-standardized procedures and limit values, makes risk 
assessment a standard tool in the practice of industrial hygiene.  For airborne NOAA - chemical 
agents for all purposes-, the already enforced occupational regulatory framework should be also 
routinely applied to these particular situations.  
 
However, despite the significant research efforts in recent years, uncertainties in the risk assessment 
process of exposure to NOAA still affect significantly the robustness of the results, thus limiting the 
application of existing methods and strategies in industry while fulfilling the OHS certainty level. In 
real-life complex Multi-Source Industrial Scenarios (MSIS) this uncertainty can significantly increase, 
mainly due to the lack of an effective distinction of a dynamic background aerosol. Moreover, the 
feasibility of multitask configuration in such scenarios leads to complex layout of aerosol sources, 
coupled with unrelated individual release dynamics. 
 
Here will be discussed some of the typical challenging situations and the corresponding 
methodological choices, from the basis of the lessons learned when confronted to those scenarios in 
the frame of some recent European and Spanish research projects. This includes among others: 
 

1. Qualitative vs. quantitative approaches (e.g. Figure 1) 
2. Temporal background signal masking the potential contribution of NOAA release from the raw 

series of PNC 
3. Task-based vs.  full-shift extrapolation in batch processing 
4. Discrepancies in PNC records from collocated instruments. Calibration and verification issues. 
5. Aerosol characteristics retrieval from simultaneous by measured metrics, such as 

aerodynamic and mobility equivalent diameters 
6. Implications of the physico-chemical  nature of the implemented task 

 

 
 
Figure 1 - Qualitative vs. quantitative assessment of occupational risk (AEROXIDE ® TiO2 P 25). Off-
site Control Banding assessment (ISO 12901-2:2014) overestimate the risk level, whereas the 
corresponding quantitative exposure results lie below the 20% of the 8-hours weighted OEL 
(HB=Hazard Band; EB=Exposure Band; CB=Control Band; PNC=Particle Number Concentration; 
G=Gravimetry (BDL=Below Detection Level); ICP-MS=Inductively Coupled Plasma Mass 
Spectrometry; SEM=Scanning Electron Microscope; OEL=Occupational Exposure Level). 
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BIOCIDES EXPOSURE ASSESSMENT – MEASUREMENT STRATEGY FOR NANOMATERIALS 

UNDER BIOCIDAL PRODUCTS REGULATION (BPR) 
 
Sébastien ARTOUS1, Patrick ARNOULD2, Dominique LOCATELLI1, Samir DERROUGH1, 

(1) NanoSafety Platform, CEA,  Univ. Grenoble Alpes, F-38054 Grenoble, France (2) LCB food safety, 
PAE Actiparc - rue des acacias, BOZ France 

 
Nanotechnology has rapidly promoted the development of a new generation of smart and innovative 
products and processes that are nano-enabled, and have created a tremendous growth potential for a 
large number of industry sector. Nanomaterials are chemical substances or materials that are 
manufactured and used on a very small scale. Nanomaterials have unique and more pronounced 
characteristics compared to the same material without nanoscale features. The European Biocidal 
Products Regulation (BPR) has specific provisions for nanomaterials. The provisions apply to products 
and substances that meet the criteria defined in the Biocidal Products Regulation. These definitions 
are based on the Commission recommendation on the definition of nanomaterials [1]. ‘nanomaterial’ 
means a natural or manufactured active substance or non-active substance containing particles, in an 
unbound state or as an aggregate or as an agglomerate and where, for 50 % or more of the particles 
in the number size distribution, one or more external dimensions is in the size range 1-100 nm [2]. 
A dedicated risk assessment is needed when the nanoform of the active and non-active substances 
are used in a biocidal product. The label of the biocidal product must show the name of each 
nanomaterial followed by the word "nano" in brackets. Products containing nanomaterials are 
excluded from the simplified authorisation procedure and need complementary tests [3]. When test 
methods are applied to nanomaterials, an explanation shall be provided of their scientific 
appropriateness for nanomaterials, and, where applicable, of the technical adaptations/adjustments 
that have been made in order to respond to the specific characteristics of these materials [2]. 
The aim of this paper is to present the experiments realized on two LCB food safety biocides to 
assess potential occupational exposure related to the handling of this products in the context of BPR. 
The strategy applied by the NanoSafety Platform was firstly the characterisation of the aeraulic 
behaviour of the experimental rooms of LCB food safety by the determination of the Residence Time 
Distribution (RTD). Secondly, the particles concentration decrease between the starting of biocide 
generation and the instant where particles concentration inside the experimental room was close to 
the background has been recorded in the particles range of 5 nm to 3 µm. 
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[1] T. Commission, T. European, and C. Joint, “L 275/38 Official Journal of the European Union 
RECOMMENDATIONS ON THE DEFINITION OF NANOMATERIAL,” no. June 2010, pp. 
2010–2012, 2011. 

[2] T. E. P. and the C. of the E. Union, “Regulation concerning the making available on the market 
and use of biocidal products,” Off. J. Eur. Union, pp. 1–123, 2012. 

[3] ECHA, “Nanomaterials under Biocidal Products Regulation.” [Online]. Available: 
http://echa.europa.eu/regulations/nanomaterials-under-bpr. 
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PREDICTION OF EMISSIONS AND EXPOSURE TO MICRO- AND NANOPARTICLES IN 

INDUSTRIAL ENVIRONMENTS 
 
C. Ribalta1, A.S. Fonseca2, Mar Viana1, M.C. Minguillón1, A. López-Lilao3, E. Monfort3, (1) IDAEA-
CSIC, Jordi Girona 18, 08034 Barcelona, Spain (2) NRCWE, Lersø Parkallé 105, 2100 Copenhagen, 
Denmark (3) ITC, Av. Vicent Sos Baynat s/n, 12006 Castellón, Spain 
 
 
Indoor air quality research, especially in occupational environments, still suffers from major knowledge 
gaps despite the fact that humans spend most of our life-time indoors.  
Nowadays, the use of novel technologies and processes in industry are increasing in order to improve 
the quality of the final products. Recent studies have shown that micro- and nano-scaled particles may 
be generated in some of these novel industrial processes as well as in the traditional ones. Therefore, 
further research is required in this area to be able to evaluate the exposure to micro- and 
nanoparticles in industrial settings. The “PREDEXPIN” project aims to assess worker exposure to 
micro- and nanoparticles as well as their potential environmental release. The main objectives of this 
work are: 
1. To identify conventional and novel processes with the potential to generate micro- and nanoparticle 
emissions, focusing on mechanical and thermal processes. 
2. To understand the emission mechanisms as a function of process parameters and materials, 
identifying which variables play a major role in emission and exposure potential of given processes 
and materials. 
3. To suggest corrective actions in order to minimize worker exposure.  
To accomplish this, the tiered approach methodology described by (Asbach et al., 2014) was applied, 
using online and offline instrumentation (CPC3772, DiscMini, Dusttrak DRX, Grimm 1107, and TEM 
grids) covering particle size ranges between 5 nm and 10 µm. 
Differences in particle mass emissions generated during the milling of residual clay materials with a 
pendular mill in a ceramic industry were studied for two different kinds of materials (sandy clay and 
plastic clay). Results showed a significant increase of particle mass for both materials in the three 
fractions studied (PM10, PM2.5 and PM1) when comparing to the background (BG) values. Both 
materials showed a similar mass size distribution (Fig 1b) with three peaks at 2.5, 6 and 20 µm. 
However, despite similarities in the behavior of the two materials, the sandy clay material for the three 
mass size fractions studied (Fig 1a) generated significantly lower mass exposure concentrations than 
the plastic clay material. The differences between the exposure concentrations for each material and 
its background concentrations, as well as between different materials, were statistically significant 
based on the Mann Whitney “U” test. The results obtained will contribute to improve indoor air quality 
and occupational health as they provide useful information about which materials and processes 
generate higher particle emissions and subsequent exposure concentrations. 
 

 
Fig 1. Particle mass concentrations in the breathing zone and in background air (BG) as a function of the two materials 
evaluated (sandy clay and plastic clay), during milling activities. Statistically significant differences are marked with *. 
 
Asbach, C. (2014). Measurement and Monitoring Strategy for Assessing Workplace Exposure to 
Airborne Nanomaterials. Taylor & Francis, Abingdon, UK. 
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Fig.1: SEM image of a respirable CNF agglo-
merate composed of several fibres, some of 
them exhibiting critical WHO dimensions. 
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EXTENDING EXPOSURE ASSESSMENT STRATEGIES 
FOR RESPIRABLE FIBROUS MATERIALS TO THE NANOSCALE 

 
Asmus Meyer-Plath1, Barbara Simonow1, Markus Mattenklott2, Patrick Steinle3, Sabine Plitzko1, (1) 
Federal Institute for Occupational Safety and Health (BAuA), Nöldnerstr. 40-42, 10317 Berlin, 
Germany (2) Institute for Occupational Safety and Health of the German Social Accident Insurance 
(IFA), Alte Heerstraße 111, 53757 Sankt Augustin, Germany (3) Suva, Rösslimattstr. 39, 6005 Luzern, 
Switzerland 
 
During the last decades, many variants of novel sub-micro- and nanoscale fibrous materials have 
been developed. Meanwhile, intraperitoneal and inhalation exposure studies with carbon nanotubes 
(CNT) and nanofibers (CNF) have raised concerns about potential lung carcinogenicity [1]. For WHO 
fibre morphology with a length above 5 µm, a diameter below 3 µm and an aspect ratio higher than 3:1 
[2], aerodynamic properties may enable the new materials to reach alveolar regions of the human lung 
and cause natural lung clearance mechanisms to fail. Insoluble fibres remaining in the tissue may 
induce chronic inflammation and enhance 
cancer risks.   

To assess potential inhalation risks 
related to sub-microscale and nanoscale 
materials, it is mandatory to determine 
exposure levels of airborne objects. Due to the 
potentially high toxicological relevance of 
fibres, any exposure level assessment must 
differentiate between granular and fibrous 
aerosol object morphologies. The German 
recommended exposure level (REL) for 
granular nanomaterials, comprising also 
nanofibre agglomerates, is set as a mass-
based limit depending on the apparent density, 
whereas the REL for nanoscale fibres is sets 
as individual fibre number  concentration limit 
of 0.01 fibres/cm³ [3]. The determination of 
such a low concentration is challenging, as the 
direct reading instruments, which are currently 
available to assess workplace exposures towards nanoparticles, are not fibre selective and at least a 
factor of 100 too insensitive. Therefore, a new measurement, classification and counting strategy for 
nanofibers is under development which is based on scanning electron microscopic (SEM) analysis of 
aerosol filter samples in accordance to VDI’s measurement guideline for asbestos fibres [4]. Such an 
asbestos-analogous approach turns out to be a very demanding and laborious task for nanoscale 
fibrous materials but appears to be a necessary basis for future nanofibre regulation. Here, recent 
progress is reported on the development of the new strategy and on its application to different 
nanofibre emission sources and nanofibre-handling workplaces.  
 
 
References 
1.  G. Oberdörster, V. Castranova, B. Asgharian and P. Sayre, Journal of Toxicology and 

Enviromental Health, Part B, 18(3-4), 121-212 (2015). 
2.  World Health Organization (WHO), Enviromental Health Criteria, No. 77, Geneva (1988). 
3.  Bekanntmachung zu Gefahrstoffen (BekGS) 527,GMBI, 25, 498-51 (2013). 
4. VDI guideline 3492, Measurement of inorganic fibrous particles – Scanning electron microscopy 

method, 2013-6. 
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NEW METHODOLOGY TO DETERMINE SIMILARITY, RELEVANCE AND QUALITY FACTORS 

FOR READ ACROSS OF EXPOSURE DATA 
 

Eelco Kuijpers1, Remy Franken1, Esther Zondervan1, Ioannis Basinas2, Araceli Sanchez2, Shahzad 
Rashid2, Karen Galea2, Maidá Domat3, Carlos Fito3, Wouter Fransman1, (1) TNO, Netherlands (2) 
Institute of occupational medicine, UK (3)  ITENE, Spain 
 
There is still a lack of comparability between different nanomaterial exposure studies, despite 
international initiatives aiming to harmonize measurement strategies, which complicates and limits the 
usability of collected data for another exposure assessment. Despite this fact, there is an urgent need 
to translate current limited exposure data to other exposure scenarios. The use of those exposure 
data is limited by the level of comparibility of the available data with the assessed scenario. In case all 
circumstances are exactly the same, the scenario can readily be used. However, as data concerning 
nano-exposure is not widely available, the probability to find a perfect match is poor. Therefore a 
methodology is needed to rank the assessed scenario and exposure measurement data based on 
comparability in a standardized manner. 
 
This methodology developed within the European Research project GUIDEnano, is based on the 
assignment of scores for three factors:  

· Similarity (product/substance/material properties) 
· Relevance (scenario related)  
· Quality (study related) 

For these three factors algorithms were developed with different importance multipliers and scoring 
values for individual variables. In more detail, for similarity the variables chemical composition, weight 
fraction, state (liquid/solid), primary particle size and particle form were included, while 
dustiness/viscosity, moisture content, coating, agglomeration, aggregation, charge, density and 
surface area were excluded. Preliminary results show that for similarity the scoring is complicated 
since the categories identified as important are not always known in the literature data. For relevance 
energy activity, activity type, RMM / local controls, work area information and scale process/production 
volume were included, wheareas the exposure route and exposed population were excluded. The 
quality scoring included information about the measurement type, data description, measurement 
duration, online/offline measurements, contextual information and near-field / far-field. 

This presentation introduces the new methodology and provides some useful examples about how to 
apply the methodology.  

 

This project received funding from the European Union´s Seventh Framework Programme 
(FP7/2007-2013) under grant agreement №604387 
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DESIGN AND EVALUATION OF A DIFFUSION CHARGING DIFFERENTIAL MOBILITY 
CLASSIFIER TO MONITOR PERSONAL EXPOSURE TO AIRBORNE NANOPARTICLES 

 
Quentin Renot1, Michel Pourprix1, Jean-Baptiste Sirven2, Simon Clavaguera1, (1) NanoSafety 
Platform, CEA – Grenoble France, 17 rue des martyrs 38000 Grenoble (2) Analytical Studies and 
Reactivity of Surfaces Service, CEA – Saclay, 91191 Gif-sur-Yvette France   
  

The production and use of engineered nanomaterials (ENMs) has increased constantly over the 
recent years. Besides the new opportunities brought by these materials, several discussions on 
potential health impacts caused by inhalation of particles has also take place. Depending on the size 
and the composition of particles, exposure can be hazardous due to their ability to reach and deposit 
in the deep alveolar region of lungs. Given the current scarcity of hazard data in nanotoxicology, it is 
important to measure individual exposure to nanoparticles, especially for workers being close to 
production and handling areas, in order to set up precautionary safety measures.  
CEA is developing a novel device able to classify, collect and monitor the potential exposure to 
airborne particles. This device consists of three main stage, two stages of charge and one of 
collection. Firstly, the smaller fraction (<200nm) of aerosol is charged by unipolar diffusion charging. In 
parallel with this, particles larger than 200 nm are charged by field charging mechanism. Charged 
particles are finally collected on a metallic substrate by electrostatic precipitation. An important 
innovation of this project is that the charged particles are classified based on their electrical mobility 
and collected on the substrate on size-dependant areas.  
Besides the particle collection, the personal exposure monitoring is performed both online and off-line. 
On the one hand the nanoparticle number concentration can be determined on-line by measuring 
selectively the current on the different size-dependent areas of the substrate induced by the collection 
of charged particles. On the other hand, the particles deposited on the substrate can be analysed off-
line by Laser Induced Breakdown Spectroscopy (LIBS). This highly sensitive technique yields the 
elemental composition of the collected particles and the mass of deposited particles with a very low 
limit of detection (ng/cm2). As the laser beam can be tightly focused, it is possible to analyse each 
collection areas and thus perform the space-resolved analysis of substrates to determine the particles 
composition for a specific range of size. The advantages of personal samplers providing a quantitative 
analysis offline, coupled to the advantages of personal monitors providing qualitative information 
online, makes this personal instrument unique and adapted to assess the personal exposure to 
airborne particles. 
Simulation using COMSOL multiphysics (finite element analysis) were used to optimize the different 
parts of the device (charger, precipitator). The performance of the device was evaluated using 
different types of particles such as monodispersed standard polystyrene latex aerosols generated in 
controlled environment and various counters and granulometers (CPC, SMPS, Fidas Mobile). The 
analytical performance of LIBS for quantitative elemental analysis of the particles collected on the 
substrate will also be presented.  
The research leading to these results has received funding from CEA Nanoscience and Toxicology 
Cross Divisions programs under the project entitled NEMO and from the European Union's FP7 Grant 
Agreement n.604602 (FutureNanoNeeds project).  
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PS2-10 
 

SINGLE CELL ICP-MS: EXPOSURE, DOSE AND RESPONSE OF FRESH WATER 
PHYTOPLANKTON TO GOLD AND SILVER NPS 

 
Ruth Merrifield1, Chady Stephan2 and Jamie Lead1, (1) CERN, University of South Carolina, Columbia, 
SC 29201 (2) PerkinElmer, 501 Rowntree Dairy Road, Woodbridge, Ontario, L4L 8H1  
 
Exposure and dose of nanoparticles (NPs) to any single cell, has been a topic of discussion over 
many years. In the medical profession they want to know how much of a drug containing metals is 
actually entering the target cell and in the environment we want to know how much of a contaminant is 
entering single celled organisms, what effect they have and whether these are transported up the food 
chain. It is generally accepted that desirable metrics for measuring exposure and dose in this case 
would be particles per mL (part. / mL) and concentration per cell (conc. / cell) respectively. However 
because of instrument limitations these have both been measured using ionic mass concentration 
which means there is some vital missing information.  
 
Here we exposed strains of freshwater algae cell to Au and Ag NPs and ions. We show that single cell 
ICP-MS (SC-ICP-MS) was able to measure the number of NPs in the suspension media (exposure), 
the number of cells containing metal (% uptake) and finally the amount of metal within those cells 
(dose) in three different species of fresh water algae cell. We show that although the exposures are 
kept constant (ionic concentration of 1 ppb, equating to a NP concentration of around 500,000 part. / 
mL the dose and response is highly dependent on the algae strain. Further to this we ran the same 
exposures using core-shell isotopically labeled NPs (Ag107@Au@Ag109) where only the outer layer 
can dissolve allowing us to track the dissolved and NP fractions simultaneously. Abstract 3000 
characters (Arial 10) without picture or 2000 characters (Arial 10) with picture 
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PS2-11 
 

REAL-TIME EXPOSURE MEASUREMENTS OF CARBON NANOTUBES USING AN 
AETHALOMETER  

 
Karin Lovén1, Maria Hedmer2, Joakim Pagles1, Anders Gudmundsson1 (1) Ergonomics and Aerosol 
Technology, Lund University, P.O. Box 118, SE-22100, Lund, Sweden (2) Occupational and 
Environmental Medicine, Department of Laboratory Medicine, Lund University, P.O. Box 118,          
SE-22100, Lund, Sweden  
 
In recent years, the field of nanotechnology have generated innovations in many different areas, 
among these material and electronic developments. One type of nanomaterial that has many potential 
applications is carbon nanotubes (CNTs). They can be used in films and coatings and as fillers to 
make stronger and lighter materials. These fiber-shaped nanoparticles are biopersistent and therefore 
considered a high-toxicity material. As these materials become more and more used in the 
development of new products, the potential risk of exposure for the workers increases. Measurements 
of exposure to CNTs for the workers during different production processes is still limited and is often 
characterized with filter-based methods. In an attempt to determine which specific activities that 
generates CNT emissions, a real-time Black Carbon (BC) monitor can be used.  
The objective of this study was to characterize the emissions and possible exposures of CNTs during 
production, processing and testing of CNT composites. Measurements were performed in the personal 
breathing zone (PBZ) and the background zone (BG). BC concentrations are derived from absorption 
measurements (880 nm), which has a high selectivity for elemental carbon (EC) and with that it shows 
great promise as a proxy for CNTs. Two µ-aethalometers (AE51, Aethlabs. San Francisco, USA) were 
used to measure the BC concentrations in real time. The different work tasks that were monitored 
included direct mixing of CNT epoxy resin, electrophoretic deposition, preparation and conduction of 
vacuum infusion, cutting and short-beam shear testing of CNT nanocomposites.  
During the work task: direct mixing of CNT epoxy resin, clear BC peaks above background was 
observed in the personal breathing zone (Figure 1). The specific activities that generated the BC 
peaks within this work task was refilling of dry CNT powder and stirring the epoxy mixture with CNTs. 
The highest peak comes from the first refilling of CNT powder which consists of the worker openly 
transferring CNT powder from the bulk container into a small plastic container. The observed BC 
peaks are well above the proposed 8 h recommended exposure limit (REL) for CNTs based on EC of 
1 µg C m-3, suggested by the National Institute for Occupational Safety and Health (NIOSH, USA). 
However, the EC-filter samples collected alongside the aethalometers were below the limit of 
detection. The BC peaks may impose risks for the workers and these measurements have therefore 
shown the value of aethalometers as instruments possible to use for CNT exposure assessments. As 
the devices are easy to use and relatively cheap, they are particularly promising in a first screening 
stage at work places. They also provide complementary information to time-integrated filter collection 
by linking exposures to specific work-tasks. 
 

 
Figure 3. Time series for the work task “direct mixing” from online Black Carbon measurements in the personal 
breathing zone, PBZ, and the background zone, BG. The measurements were done with two µ-aethalometers. 

The grey line shows the suggested 8 h exposure limit for EC of 1 µg C m-3. 
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PS2-12 
 

OCCUPATIONAL EXPOSURE DURING THE PRODUCTION, SIMULATED USE AND END-OF-LIFE 
STAGES OF NANOENABLED PRODUCTS FOR ENERGY HARVERSTING AND ENERGY STORAGE 
 
Simon Clavaguera1, Sébastien Artous1, Cécile Philippot1, Dominique Locatelli1, Sébastien Jacquinot1, 
Veronika Hase2, Lenka Schreiberova2, Bryony Ross3, Martie van Tongeren3, (1) CEA - 17, rue des 
martyrs 38000 Grenoble / France (2) VSB – Technical University of Ostrava, Czech Republic (3) IOM - 
Research Avenue North Riccarton, Currie EH14 4AP / UK 
  
 
Nanotechnology is a fast growing sector with ever increasing variety and complexity of new materials. 
Currently, risk assessment is struggling to keep up with the innovation and hence more emphasis will 
need to be placed on Safe by Design, whereby health, safety and environment are taken into account 
early in the innovation chain to ensure that risks are managed properly. Exposure plays an important 
role in this area, as Safe by Design refers not just to reducing the hazard potential of the 
nanomaterials but also to reducing the release and exposure potential of products and processes. 
This work presents the results of comprehensive experimental campaigns focused on the assessment 
of occupational exposure to next-generation nanomaterials covering two case studies along the life 
cycle of nanoenabled products for energy harversting and energy storage.  
The first value chain investigated was the production and simulated used of nanoenabled 
thermoelectric generators. The following scenarios were monitored: mechanosynthesis, sintering, 
grinding, diamond sawing, thermopressing and simulated use. The second value chain was the 
production and the end-of-life of nanoenabled electrodes for Li-ion batteries. The following scenarios 
were monitored: powder handling, weighing, mixing, transferring and mechanical recycling (shredding) 
of electrodes. 
Measurements were performed complementary in both lab and pilot line facilities in order to reproduce 
an industrial environment. The boundaries of the system relevant for the present study are the indoor 
air and indoor surfaces which are considered potential occupational endpoints for inhalation and 
dermal exposure. The methodology used for the exposure evaluation followed the “French approach” 
(Durand et al. 2012) and the nanoGEM / OECD Tiered approach. Thanks to several granulometers 
and counters measurements include concentration of particles, either background or activity, size, size 
distribution, state of agglomeration / aggregation, specific surface area, morphology and chemical 
composition. Exposure data and contextual information were gathered according to NECID 
requirements to facilitate the comparing and sharing of nano exposure data. 
The results will be presented in terms of exposure and control bands (ISO/TS12901) to identify and 
document the best operative conditions on health, safety and environment for each scenario studied. 
 
 
The research leading to these results has received funding from the European Union's FP7 Grant 
Agreement n.604602 (FutureNanoNeeds project) and n. 310584 (NanoReg project). 
 
 
Durand, C. et al, (2012) NanoSafe 2012 French approach for characterizing potential emissions and 
exposure to aerosols released from nanomaterials in workplace operations. 
C. Asbach, et al. (2012) nanoGEM Standard Operation Procedures for assessing exposure to 
nanomaterials, following a tiered approach. 
OECD report ENV/JM/MONO (2015)19.  
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PS2-13 

 
EXPOSURE TO CERAMIC AND PROCESS-GENERATED NANOPARTICLES DURING PLASMA 

SPRAYING 
 
A. Salmatonidis1, M. Viana1, A. Sofia Fonseca2, E. Monfort3, A. López-Lilao3, (1) IDAEA-CSIC, Jordi 
Girona 18, 08034 Barcelona, Spain (2) NRCWE, Lersø Parkallé 105, 2100 Copenhagen, Denmark (3) 
ITC, Av. Vicent Sos Baynat s/n, 12006 Castellón, Spain 
 
Ceramic nanomaterials (nanoceramics) are a growing market due to their numerous and 
advantageous properties. Due to the unique properties of the applied ceramic nanomaterials the 
resulting products have significantly improved efficiency; thus, the reasons of using these materials 
are clear. The “CERASAFE” project focuses on comprehensively assessing the occupational 
exposure, toxicity and risk during the production (or/and application) of nanoceramic materials. 
Laser (cladding) and plasma (APS, HVOF, etc.) spraying techniques are frequently used for the 
production of high-performance surfaces which are required in industrial processes. These methods 
are employed to deposit different coatings on a number of surfaces in order to achieve enhanced 
properties such as wear and corrosion resistance, electrical insulation or heat resistance. Due to their 
high-energy nature, these industrial processes have a major potential for nanoparticle generation and 
release into workplace air (Fonseca et al., 2015). Depending on the mitigation strategies in the specific 
areas, these industrial activities may imply a major potential for worker exposure, with significant 
impacts on indoor (or/and outdoor) air quality and human health. 
In this framework, the objectives of this work were to measure nanoparticle formation and release 
during laser and plasma processes in a real-world industrial site and to assess their impacts on 
workplace exposure. Nanoparticle emissions and exposure were simultaneously monitored inside and 
outside the plasma and laser chambers, in terms of particle number concentration with particle 
counters (DiscMini and CPC), as well as by means of particle number size distribution by using a TSI 
NanoScan. Particle number concentrations were also measured in outdoor air, in order to identify 
potential nanoparticle release to the environment. In addition, samples were collected on TEM grids 
for morphological characterization. Results evidenced high and statistically significant (>BG + 3*∂BG) 
nanoparticle emissions and impacts on worker exposure (Figure). The effectiveness of mitigation 
strategies were in situ evaluated. 
 

 
Fonseca, A.S. et al. (2015) J. Aerosol Sci. 88, 48–57.  
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ASSESSMENT OF EXPOSURE TO NANO-OBJECTS AND THEIR AGGLOMERATES AND 

AGGREGATES (NOAA) DURING NANO-POWDERS HANDLING   
 
Elżbieta Jankowska1, Katarzyna Suwała2, Magdalena Wenda2 (1) Central Institute for Labour 
Protection - National Research Institute, Czerniakowska 16, 00-701 Warszawa, Poland (2) Industrial 
Chemistry Research Institute, Rydygiera 8, 01-793 Warszawa, Poland 
 
The key issue in controlling occupational risk is assessment of exposure to NOAA, which occurs at the 
workplace during manufacture or use of nanomaterials. Investigations of exposure to NOAA were 
conducted during processes of handling of commercially available three nano-powders, ie. one Silica 
Airgel - SJ 1800 Series (SA) and two Zirconium Oxide Nano-powders: Calcia Stabilized (ZrO2 + 8% 
CaO) and Yttria Stabilized (ZrO2 + 8% Y2O3) – (ZONp). Tests were conducted using three methods: 
counting of nano-size particles in real time - DiscMini (to determine the number concentration and the 
average particle size), microscopic and EDS methods - Ultra High Resolution FE-SEM with EDS-
Bruker Quantacs 400 (to determine the shape and chemical composition of the nano-size particles 
presented in the air) and gravimetric method for determining the mass concentration of nano-size 
particles – sampler FSP10 with SG 10-2 pump. Processes were conducted in two different fume 
cupboards (LEVs) during condition when LEV was switched-off (handling of SA) and switched-on 
(handling of ZONp). The indicators of exposure - identified as a ratio of the average number 
concentration determined during handling of nano-powders and average number concentration of 
"background" particles measured before the processes - were within the range 38,67-48,14 (SA) and 
1,02-2,09 (ZONp). The number concentrations of particles as “background” were in the range 14154-
21302  particles/cm3 (SA) and 1808-8826 particles/cm3 (ZONp), when during processes (handling of 
nano-powders) in the range 681326-823662 particles/cm3 (SA) and 2136-9097 particles/cm3 (ZONp). 
Average size of “background” particles were 69-73 nm (SA) and 53-85 nm (ZONp), when during 
processes 74-90 nm (SA) and 49-82 nm (ZONp). The mass exposure indicators, determined by the 
gravimetric method, were 0, 5246 mg/m3 - for processes with SA no-modified and modified - and in the 
range 0,0175-0,1043 mg/m3 for processes with ZONp. The lowest mass concentration was 
determined in the case in which the lowest number concentrations of "background" particle occurred. 
Results of analysis airborne particles (with microscopic and EDS methods) confirmed that in the air 
were presented nano-size particles of nano-powders used in processes. 
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PS2-15 

 
DESKTOP 3D PRINTERS: NANOPARTICLE EMISSIONS 

 
A-K Viitanen2, L Mendes1,4, A Kangas2, K Kukko3, B Mølgaard4, A Säämänen2, T Kanerva2, I F 
Ituarte3, M Huhtiniemi2, H Stockmann-Juvala2, J Partanen3, K Eleftheriadis4, K Hämeri1, 
(1) Department of Physics, University of Helsinki, P.O.Box 48, FI-00014 University of Helsinki, Finland 
(2) Finnish Institute of Occupational Health, P.O.Box 40, FI-00251 Helsinki, Finland (3) Department of 
Mechanical Engineering, Aalto University, P.O.Box 14100, FI-00076 Aalto, Finland (4) Institute of 
Nuclear & Radiological Sciences & Technology, Energy & Safety, N.C.S.R. “Demokritos”, Athens, 
Greece 
 
3D printing has received great attention in recent years while low-cost printers have become available. 
These low-cost 3D printers are most commonly based on material extrusion (ME) and typically used in 
small scale printing for professional and educational purposes. Desktop 3D-printers operated without 
encapsulation or air filtration have been shown to emit nanoparticles, and gaseous compounds (Kim et 
al., 2015; Stephens et al., 2013). Still, more studies are needed in order to assess workers’ exposure, 
and determine the need for engineering control measures and user guidelines.  
We have characterized both particle and gaseous emissions of a 3D printer based on ME when 
printing two most commonly used polymers i.e. Acrylonitrile Butadiene Styrene (ABS) and Poly-Lactic 
Acid (PLA). The measurements were performed in an air-tight chamber. The incoming air flow was 
filtered allowing an analysis of the emissions with zero background particles. The size resolved 
particle concentration was measured in a wide size range, namely 1 nm to 30 µm. Gaseous 
compounds were measured with both online and offline methods.  
The measurement results showed that the 3D printers based on ME emit high concentrations of 
nanoparticles. It was also found out that the printing material and temperature used have a significant 
influence on the nanoparticle emission rates. The volatile organic compounds studied here showed 
only low concentrations. Still, when using multiple printers in closed space, also the emissions of the 
gaseous compounds should be recognized. (Mendes et al. 2016)  
The emissions, measured concentrations and the characterization of the nanoparticles will be 
presented. The need for engineering control measures and user guidelines will be discussed.  
 
 
Acknowledgement 
The Finnish Work Environment fund (project numbers 114337, 114406, 114374) and the FP7 Marie 
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Reference 
 
Kim, Y., Yoon, C., Ham, S., Park, J., Kim, S., Kwon, O., & Tsai, P.-J. Emissions of Nanoparticles and 
Gaseous Material from 3D Printer Operation. Environmental Science & Technology, 49: 12044–
12053. 2015. 
Mendes, L., Kangas, A., Kukko, K., Molgaard, B., Säämänen, A., Kanerva, T., Ituarte, I.F., Huhtiniemi, 
M., Stockmann-Juvala, H., Partanen, J., Hämeri, K., Eleftheriadis, K., Viitanen, A.-K. Characterization 
of desktop 3D printer’ emissions. Journal of Industrial Ecology. Submitted. 2016. 
Stephens, B., Azimi, P., El Orch, Z., Ramos, T. Ultrafine particle emissions from desktop 3D printers. 
Atmospheric Environment 79: 334-339. 2013. 
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RULES AND RATES OF RELEASE FROM NANO-ENABLED PRODUCTS:  
CORRELATING PROCESS, PRODUCT MATRIX AND NANOMATERIAL 

 
Wendel Wohlleben1, (1) BASF SE – Advanced Materials Research, Dept. Material Physics, 67056 
Ludwigshafen, Germany  
 
Release assessment regards the detachment of a fragment 
from a larger whole, such as a consumer product during 
use, and includes the release mechanism, form of the 
released entity, release scenario, probability of release, and 
lifecycle simulation, if relevant. Nanoscale releases occur 
already from conventional materials. Thus, aging and wear 
(or wear and aging) of products might also release 
embedded nanomaterials. Release probability of 
embedded nanomaterials is relevant for the notification to 
BE and DN nano-inventories. To assess one of the typical 
degradation pathways during product “use”, the 
harmonized NanoRelease protocol has reached 
quantitative agreement across a global collaboration of US-
EPA, BASF, LEITAT, Can-NRC using ISO-standardized 
aging equipment with sampling and analysis equipment 
that is widely available in nanotechnology labs.(1) Results 
from more than 160 specimen will be summarized. 
 
This talk then explores more complex degradation pathways with synergy of stresses. For 
experimental assessment, we vary both sequence and intensity of chemical aging (UV, hydrolysis) 
and mechanical wear (sanding, shaking, sonication) degradation pathways.(2) This includes 
secondary fragmentation by different intensities of UV/hydrolysis after mechanical fragmentation of 
rubber representing novel car tires. We determined the maximum free nanofiller mass released from 
aging tread wear, and found that the “on the road” scenario releases more fragments than the 
“washed to surface water” scenario.(2)  
We finally compare different nanomaterials in the same matrix, and “orthogonally compare” different 
matrices with same or different nanomaterials, and compare neat matrices with no fillers at all. 
Released fragments from in total 30 materials are analyzed by size-selective quantification of all 
fragments. Rescaled for immersion volumes and UV dose, the release rates in units of mg/m² per 
MJ/m² photons rank primarily by the matrix, with less than a factor 10 up- or down-modulation by the 
embedded metal-oxide, carbon, or 
organic nanomaterials.(3) 

 
Combined results suggest that the 
importance of parameters overall 
decreases in the order: Aging 
process – matrix properties – 
nanomaterial properties. Only 
synergistic stresses induce 
considerable release from 
products. 
 

 
1. Wohlleben, W., Kingston, C., Carter, J., Sahle-Demessie, E., Vázquez-Campos, S., Zepp*, R. et al. (2016) 

NanoRelease: Pilot interlaboratory comparison of a weathering protocol applied to resilient and labile 
polymers with and without embedded CNTs. Submitted. 

2. Wohlleben, W., Meyer, J., Muller, J., Müller, P., Vilsmeier, K., Stahlmecke, B., Kuhlbusch, T.A.J. (2016) 
Release from nanomaterials during their use phase: Combined mechanical and chemical stresses applied to 
simple and to multi-filler nanocomposites mimicking wear of nano-reinforced tires. Env. Sci. nano, doi: 
10.1039/c6en00094k 

3. Wohlleben, W., Neubauer, N. (2016) Quantitative rates of release from weathered nanocomposites are 

determined across 5 orders of magnitude by the matrix, modulated by the embedded nanomaterial. 
NanoImpact 1, 39-45., doi:10.1016/j.impact.2016.01.001  
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QUANTIFICATION AND CYTOTOXICITY OF RELEASED CARBON NANOTUBES FROM AN 
EPOXY-BASED NANOCOMPOSITE 

 
Jing Wang1,2, Lukas Schlagenhauf1,2,3, Tina Buerki-Thurnherr4, Yu-Ying Kuo1,2, Adrian Wichser1, Frank 
Nüesch3 and Peter Wick4, (1) Laboratory for Advanced Analytical Technologies, Empa, Dübendorf, 
8600, Switzerland (2) Institute of Environmental Engineering, ETH Zurich, Zürich, 8093, Switzerland 
(3) Laboratory for Functional Polymers, Empa, Dübendorf, 8600, Switzerland (4) Laboratory for 
Materials-Biology Interactions, Empa, St. Gallen, Switzerland 
 
A measurement method was established to quantify the amount of free standing and protruding multi-
walled carbon nanotubes (MWCNTs) in the respirable fraction of particles abraded from a 
MWCNT/epoxy nanocomposite. The quantification approach involves the pre-labeling of MWCNTs 
with lead ions, nanocomposite generation, abrasion and collection of the inhalable particle fraction and 
quantification of free standing and protruding MWCNTs by measuring the concentration of released 
lead ions. The quantification experiment revealed that in the respirable fraction of the abraded 
particles, approximately 4000 ppm of the MWCNTs were released as exposed MWCNTs which could 
contact lung cells upon inhalation, and approximately 40 ppm were released as free standing 
MWCNTs in the worst case scenario. 
 
Toxicity studies using CNTs reveal important mechanisms for their biological effects, however, the 
toxicity of the CNTs mixed with other released particles are essential for the risk assessment.  In vitro 
toxicity studies using the abraded particles from the MWCNT/epoxy nanocomposite were performed 
using A549 human alveolar epithelial cells and THP-1 human monocytic leukemia cells. The cyto 
toxicity tests investigated genotoxicity, reactive oxygen species formation and cell viability and 
revealed that the abraded particles did not induce any acute cytotoxic effects. 
 
Weathering causes a weakening of the nanocomposite matrix, and thus can induce a release of 
embedded CNTs when an abrasion process is applied. The impact on the release of particles from the 
MWCNT/epoxy nanocomposite by two weathering processes was investigated, for immersion in water 
and UV-light exposure. We measured the water uptake kinetics and chemical changes on the surface 
due to UV exposure. No additional release of CNTs due to weathering was detected when an abrasion 
process was applied. The toxicity tests revealed that abraded particles from the nanocomposites did 
not induce additional acute cytotoxic effects compared to particles from the neat epoxy. 
 

  
Release of CNTs from abrasion of a nanocomposite. 
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PS3.1-2 
 

DEVELOPING MEASUREMENT APPROACHES FOR THE ANALYSIS OF RELEASE MATERIALS 
FROM NANOCOMPOSITES 

 
Keana Scott1, (1) National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, 
MD USA  
 
According to recent market analysis reports, the global production capacity for carbon nanotubes 
(CNTs) continues to grow rapidly to match the market demand for composite materials with improved 
thermal, electrical, and mechanical properties [1,2].   CNTs are used in a wide variety of industrial and 
consumer applications ranging from aerospace, to energy storage to sporting goods and, because of 
their use as nano-fillers in polymer nanocomposite materials and lower price compared to other CNT 
products, multi-walled CNTs (MWCNTs) are the largest product category consumed.  As the number 
of consumer products that are nano-enabled/enhanced increases, so is the concern over the possible 
release of the constituent nanomaterials, in this case MWCNTs, from the nano-enabled products 
throughout their intended and unintended lifecycle stages.   
 
Several recent studies have reported that MWCNTs, fully or partially embedded in polymer matrix, 
were released from nanocomposite materials during a simulated abrasion process. Although free 
standing MWCNTs were rarely observed in these studies, possible release of MWCNTs is a 
worrisome prospect because MWCNTs are known to produce adverse health effects, even in low 
exposure scenarios [7-9].  A robust risk assessment based on these studies have been difficult 
because of the variability in experimental approaches (release mechanism, environmental conditions, 
and analytical methods) and the materials used (polymer type, MWCNT loading, composite 
formulation).  With a rapid increase in the number of MWCNT nanocomposite products in the market, 
there is an urgent need for reliable experimental methods and protocols for generating and assessing 
the nanomaterial release.   
 
To this end, the U.S. National Institute of Standards and Technology (NIST) has been working with the 
U.S. Consumer Product Safety Commission and the U.S. Food and Drug Administration to develop 
reliable and robust methods to simulate and characterize release from MWCNT and silver 
nanocomposites in various consumer products such as sporting goods, 3D printers, and food contact 
materials. NIST also participated in a recent international multi-stakeholder collaborative project, 
NanoRelease Consumer Products: Method Development initiated by ILSI Research Foundation. This 
MWCNT associated release measurement study employed two different wear mechanisms for 
release, weathering and abrasion, with a goal of developing consensus measurement approaches for 
the analysis of release materials from nanocomposites.  In this presentation, we will share some of the 
findings, challenges, and lessons learned from these nanorelease studies. 
 
References: 
1. http://www.grandviewresearch.com/industry-analysis/carbon-nanotubes-cnt-market 
2. http://www.marketsandmarkets.com/Market-Reports/carbon-nanotubes-139.html 
3. Huang, G. et al. (2012) J. Nanopart. Res. 14: 1231. 
4. Hirth, S. et al. (2013) J. Nanopart. Res. 15: 1504. 
5. Schlagenhauf, L., et al. (2012) Environ. Sci. Technol. 46(13): 7366-7372. 
6. Schlagenhauf, L., et al. (2015) Environ. Sci. Technol. 49, 10616-10623. 
7. Ma-Hock, L., et al. (2009) Toxicol. Sci. 112: 468−481. 
8. Manke, A. W., et al. (2013) Tox. Mech. Meth. 23(3): 196-206. 
9. Suzui, M. et al. (2016) Cancer Science, DOI: 10.1111/cas.12954.  
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PS3.1-3 

 
PARTICLE EMISSIONS FROM SHREDDING, SANDING, AND CUTTING OF POLYPROPYLENE 

CONTAINING CARBON NANOTUBES AND ORGANIC PIGMENT NANOMATERIALS 
 
Antti J Koivisto1, Ismo K Koponen1, Kirsten I Kling1, Alessio Boldrin2, Tareq Hussein3, 4 Asger 
Nørgaard1, Alexander C.Ø. Jensen, Keld A Jensen1, (1) NRCWE, Lersø Parkallé 105, Copenhagen 
DK-2100, Denmark. (2) DTU, Miljøvej, 2800 Kgs. Lyngby, Denmark (3) University of Helsinki, P.O. 
Box 64, Helsinki FI-00014, Finland (4) The University of Jordan, Amman, JO-11942, Jordan 
 
Polypropylene (PP) is a thermoplastic polymer used in a wide range of applications. PP articles may 
be exposed to mechanical stresses, chemicals, and UV irradiation during use. Koivisto et al., (in 
review) showed particle emissions from new and artificially weathered PP composites containing 
pigments. The emission rates geometric means (geom. STD) varied from wind erosion of 41 (4.0) to 
sanding of 8.8×104 (2.7) s-1. Artificial weathering increased wind erosion emissions to 5.8×103 (4.5) s-1 
but decreased sanding emissions to 2.2×104 (2.7) s-1. 
At the end-of-life, shredding of PP articles always takes place prior to recycling, and often also in 
connection to incineration and disposal in landfills. Here, we studied release of airborne particles and 
gases during shredding, cutting (Figures a-e), and sanding (Figures f and g) of PP containing either 
0.2 wt.% organic pigment (PPOP) or 2.5 wt.% MWCNTs (PPCNT). Sanding was performed in an 82 L 
chamber with air exchange ratio of 12.66 min-1 using a flap-wheel sanding roller. Particle 
concentrations were measured using ultrafine (UFCPC) and normal-range condensation particle 
counters (CPC) and a particle size magnifier (PSM) for 1 to 3 nm-size particles. Shredding and cutting 
was performed in an emission room where size-resolved particle concentrations were measured from 
multiple locations with various particle monitors and samplers. Mechanical treatment of PP composites 
induced significant release of particles, with sizes smaller than 20 nm during shredding (Fig. d) and 
below 3 nm particles during sanding (Fig. g). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Description of work: a) emission room, b) down-scaled industrial shredder, examples of c) measured 
particle number concentrations and d) size distributions during PPCNT shredding, e) released 

fragments from the shredding, f) setup for sanding experiments and g) measured particle 
concentrations. 
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PROPAGATION MODELING BASED ON AIRBORNE PARTICLE RELEASE DATA FROM 

NANOSTRUCTURED MATERIALS FOR EXPOSURE ESTIMATION AND PREDICTION 
 
Daniel Göhler1, Ralf Gritzki2, Michael Stintz1, Markus Rösler2 (1) Research Group Mechanical Process 
Engineering, Institute of Process Engineering and Environmental Technology, TU Dresden, D-01062 
Dresden, Germany (2) Professorship of Building Energy Systems and Heat Supply, Institute of Power 
Engineering, TU Dresden, D-01062 Dresden, Germany 
 
During the last years we have performed different experimental studies on the characterization of 
particulate release from nanostructured materials along their life-cycle, i.e. for handling of powders 
(Göhler & Stintz, 2015), due to spray application of liquid coatings (Göhler & Stintz, 2014) and during 
weak and moderate mechanical stress on solid composite materials (e.g. coatings) by abrasion 
(Vorbau et al., 2009) and sanding (e.g. Göhler et al., 2010). 
The state of dispersion (i.e. concentration, size) after release (condition at source) can change signifi-
cantly until exposure (condition at entrance to subject of protection) due to transport and transforma-
tion processes. To fill one gap between release and exposure, propagation modeling was performed 
for defined scenarios by combining calculation modules (e.g. Gritzki et al. 2014) for computational fluid 
dynamics (ParallelNS, e.g. Knopp et al. 2005) and thermal building simulation (TRNSYS-TUD) within a 
parallel virtual machine. The chosen model room (5 m x 6 m x 3 m) contains of a triple-part window 
(5 m x 1.5 m; Joutdoor = 5°C), a heated floor (Jfloor = 20°C), a workbench and a person (1.8 m, Jclothes = 
26°C). To consider occupational safety and consumer protection, three different ventilation scenarios 
were studied, i.e. natural ventilation by window (1.5 h-1), infiltration by door slit (0.5 h-1) and ventilation 
system (8.0 h-1). Release and process data from spray application, abrasion and sanding were used 
for modeling. 
The authors will give detailed information on the scenarios and on the results of the performed propa-
gation modeling as exemplarily shown in Fig. 1 for spray can application with ventilation system. 

  
Figure 1: Selected simulation results: Local air exchange index and flow field based on ventilation 
system with 8 h-1 (left); particle cloud after 36 s spray can application (right). 
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EUROPEAN COLLABORATION BETWEEN INDUSTRIALS AND SCIENTISTS FOR THE NPS 
RELEASE STUDY TURNED TOWARDS THE SAFER BY DESIGN APPROACH 

 
Delphine Boutry1, Arnaud Guiot1, Anass Benayad1, Romain Soulas1, Carlos Conception Heydorn3, 
Marta Santiago4, Alexei A. Antipov Jean-François Damlencourt1, Socorro Vasquez2, Alejandro 
Vilchez2, (1) Univ. Grenoble Alpes, CEA Tech Liten, PNS, DTNM, F-38000 Grenoble, France 
(2) LEITAT – Barcelona, C/ Palllars 179-185 08005 Barcelona / Spain (3) TORRECID – Alcora, Ptda 
Torreta s/n 12110 Alcora (Castellón) / Spain (4) HEMPEL – Polinyà, Carretera de Sentmenat, 108. 
Polinyà / Spain (5) PLASMACHEM – Schwarzschildstr. 10 12489 Berlin / Germany 
 
 
In the European GUIDENANO project, several industrial partners work with scientist partners in order 
to characterize NanoMaterials (NMs), to study NanoParticles (NPs) release and to find some ways to 
formulate safer by design NMs. 
The presentation will focus on two different types of samples: photocatalytic tiles and antifouling 
paints. A fully nanocharacterization was made before and after climatic and/or mechanical ageing for 
first generation NMs to go towards safer formulation to overcome this issue. These experiments 
allowed to well understand degradation mechanisms leading to NPs released during their life cycle. 
Concerning photocatalytic tiles (Figure 1 a)), results showed that the first generation released less 
NPs than reference blank tile and than safer by design ones containing embedded TiO2 NPs in a glass 
matrix. X-ray Photoelectron Spectroscopy (XPS) measurements evidenced a total disappearance of 
TiO2 NPs at the near surface of each tiles after climatic ageing while Gaz Cluster Ion Beam (GCIB)-
XPS experiments showed the presence of TiO2 NPs in the bulk. Waste water coming out from climatic 
chamber after ageing has been observed by TEM and evidenced the leaching of isolated TiO2 NPs 
from the tiles surface due to weathering (TEM image on Figure 1a). 
Concerning antifouling paints, two series of paints containing different amount of biocide were 
investigated. We showed on Figure 1b) that the Globic paint series (with more biocide content) 
released more particles than Olympic one. In this series, Globic 312B released the more, it was the 
best antifouling paint. But as shown on this table, this paint released too much NPs and a new paint 
formulation will be produce to solve this problem. 
For both NMs, new formulations will be made. For photocatalytic tiles, the new formulation will be 
composed of glass particles with smaller sizes in order to improve the affinity with TiO2 NPs. 
Concerning antifouling paints, particles in a liquid state will be added in the organic matrix in order to 
improve their dispersion in the paint and to have a more uniform antifouling effect at the surface of the 
applied paint samples. 
 

 
 
Figure 1: a) Total particle number and total NPs number measured by FMPS during abrasion process 
of photocatalytic tiles and TEM observation of an isolated TiO2 NPs in the waste water coming out 
from a climatic chamber. b) Total particle number and total NPs number measured by FMPS during 
abrasion process of antifouling paints in function of their formulation 
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IMPACT OF TEMPERATURE ON THE KINETICS OF PHOTODEGRADATION AND 
NANOPARTICLES RELEASE IN NANOCOATINGS 

 
Li-Piin Sung1, Justin M. Gorham2, Hsiang-Chun Hsueh1, Deborah Stanley1, Chun-Chieh Tien1, Savelas 
Rabb2, Lee L. Yu2, and Tinh Nguyen1, (1) Engineering Laboratory (2) Material Measurement 
Laboratory, National Institute of Standards and Technology, Gaithersburg, MD 20899-8615, USA 
 

Silica nanoparticles embedded in polymers are widely studied due to their use in commercial products.  
Degradation of these materials due to solar exposure has been demonstrated as a real possible 
source of failure during the life cycle of these nano-enabled materials and potential nanoparticle 
release into the environment. Little data is available about the fate of free or embedded nanoparticles, 
how they may be released, and the quantity/composition/structure of the released particles throughout 
the product’s life cycle.  The goal of this study is to investigate the kinetics behavior and degradation 
mechanism of particle release from a nanocoating under accelerated UV exposure at various 
temperatures. A model epoxy coating containing 5 % untreated nanosilica was selected. The chemical 
degradation was measured using Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron 
spectroscopy (XPS), and UV-visible spectroscopy (UV-Vis). Atomic force microscopy (AFM) and 
inductively-coupled plasma optical emission spectrometry (ICP-OES) were employed to determine the 
kinetics of nanosilica accumulation and nanoparticle release from the nanocoating surface during UV 
exposure. The temperature dependence of kinetic parameters obtained by various measurement 
techniques will be used to better understand the degradation mechanism, surface accumulation and 
release of nanoparticles in exterior nanocoatings. 
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CONTROL OF MATERIALS RELEASE DURING THE OUTDOOR USE OF POLYMERIC 
NANOCOMPOSITES CONTAINING TIO2 NANOPARTICLES 

 
Jose Luis Muñoz-Gómez1, Alejandro Vílchez1, Delphine Boutry2, Cristiano Citterio3, Socorro Vázquez-
Campos1, (1) LEITAT Technological Center, C/Pallars 179, 08005 Barcelona, Spain (2) Commissariat 
à l’énergie atomique et aux énergies alternatives CEA Grenoble | 17 rue des Martyr, 38054 Grenoble 
Cedex 9, France (3) LATI Industria termoplastici S.p.A., Via Francesco Baracca 7, 21040 Vedano 
Olona (VA), Italy 
 
The use of engineered nanomaterials (ENM) in commercial applications has grown extensively over 
the past decade and ENM are currently present in some daily use products such as plastics, textiles or 
paints. These products are commonly referred in literature as nano-enabled products. In general 
terms, workplace exposure to ENM can be more easily monitored and further reduced by application 
of appropriate risk mitigation measures, while (un)intended release during the use phase of nano-
enabled products depends on both product characteristic and external conditions, and consequently 
are more difficult to be prevented. The physico-chemical characterization of such released materials 
(e.g. size, concentration) is of extremely importance since they will determine potential effects on 
humans or environment and they can differ from their pristine forms in a great extent, due to ENM 
might suffer transformations during the ageing process.  
 
The present work belongs to the European FP7 project GUIDEnano, and describes simulation of 
outdoor exposure of polypropylene nanocomposites containing different TiO2 nanoparticles and 
concentrations. Three different nanoparticles have been incorporated in polypropylene polymeric 
matrix (for the purpose of this study standard dogbone nanocomposite samples were produced): 
Photocatalytic active TiO2 nanoparticles 1) with and 2) without silica coating and 3) TiO2 (rutile) 
nanoparticles, therefore particles with different crystal structures. Moreover, the effect of a commercial 
UV-stabilizer has been also assessed. Experimental simulations have been performed in a climatic 
chamber to reproduce real conditions of outdoor use  for the different polymer nanocomposites, based 
on ISO 4892-02 protocol, up to 1000 hours of exposure. All the samples have been weight at the 
beginning of the simulation and after different exposure times in order to determine the mass loss over 
time. Moreover, the TiO2 migration to the nanocomposite surface has been monitored using different 
techniques as FT-ATR, SEM, or XPS. In addition, mechanical and thermal properties of the materials 
have been also evaluated. To complement material characterization, runoff waters have been 
collected and freeze-dried for TEM analysis.  
 
The results obtained showed that increasing amounts of photocatalytic nanoadditives induce photo 
degradation of the polymer (generation of carbonyl species) which leads to increasing mass losses 
compared to the samples without nanofiller. In contrast, as anticipated, rutile nanoparticles do not 
promote such degradation. Importantly, the implementation of a safe-by-design strategy by surface 
coating of photocatalytic TiO2 with a silica layer significantly reduces polymer degradation and 
consequent decrease of material release. The analysis of the runoff waters reveal that embedded 
/loosely bound particles on sub-micron polymeric fragments are released from the surface of the 
nanocomposites during exposure. This study provides additional data on environmental release during 
the use phase of nano-enabled polymeric composites as well as demonstration of implementation of 
safe-by-design strategy to support safe product development by industry.   
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INFLUENCE OF NANOFILLERS INTRINSIC PROPERTIES ON THE DEGRADATION OF A 
POLYETHYLENE MATRIX AND SUBSEQUENT RELEASE 

 
Lorette Scifo1,2, Nicole Neubauer3, Vladimir Vidal1,2, Daniel Borschneck1,2,4, Perrine Chaurand1,2,4,  
Wendel Wohlleben3, Jérôme Rose1,2,4, (1) CEREGE UR 34 Aix Marseille University - CNRS - IRD, 
13545 Aix-en-Provence, France (2) Labex SERENADE (ANR-11-LABX-0064), Safe(r) Ecodesign 
Research and Education applied to Nanomaterials Development (3) BASF SE, Material Physics, 
GMC/R, Carl-Bosch-Strasse 38, 67056 Ludwigshafen, Germany (4) iCEINT, Technopôle de 
l’Environnement Arbois Méditerranée, 13545 Aix-en-Provence, France 
  
 
Polymer nanocomposites are a promising application for nanomaterials. The addition of engineered 
nanomaterials (ENM) to polymer matrices can indeed greatly improve material properties (flame 
resistance, mechanical strength, gas barrier property, etc) or confer them novel functionalities such as 
biocidal activity, conductivity or fluorescence. One attractive use of nanofillers is as pigments. 
Nanoscale pigments allow achieving high transparency with low light scattering. By doing so they 
match the capacities of molecularly dissolved dyes, while retaining the fastness and light stability of 
particulate pigments. 
 
Concerns exist regarding the release of nanofillers from polymer matrix. Different release scenarii are 
possible: under the application of a mechanical force, after thermal degradation or photo-degradation 
of the polymer matrix. In spite of their low number, studies investigating ENM release have already 
improved our understanding of the release phenomena and of the parameters controlling them. In 
particular, it was established that ENM’s shape conditions their release. While spherical ENM are 
easily liberated under matrix degradation, fibrous material remain partly embedded in the polymer and 
can even form a protective, UV-absorbing layer at the surface of the material, stopping 
photodegradation. 
 
In order to further elucidate release mechanisms, we selected two nanopigments with a spherical 
shape, similar primary particle sizes but different chemical nature: an organic compound, 
diketopyrrolopyrrole (DPP, Red 254) and an inorganic material, hematite (Fe2O3, Red 101). We 
investigated the impact of these nanofillers on the weathering of a polyethylene (PE) matrix with 
application in car bumpers.  
Plates without nanofillers (PE), with 0,2% DPP (OrgPig_PE), or 1% Fe2O3 nanoparticles (Fe2O3_PE) 
were weathered for 12 weeks under Xenon lamps (UV 300nm-400nm: 50W/m2). For the organic 
pigment case study, the influence of UV-stabilizer added at 0.15% on material resistance to 
photodegradation was also studied. The release of nanomaterials due to weathering was evaluated 
under two different methods. In situ release was determined by ICP-MS analysis of water run-offs, 
collected during spraying phases of the weathering assay. Alternatively, weathered sample plates 
were immersed in a 0.5g/L Sodium Dodecyl Sulfate (SDS) solution, according to a protocol validated 
by the NanoRelease Initiative. Particulate release under immersion, with and without sonication, was 
assessed by UV-vis spectroscopy and quantified by analytical ultra-centrifugation (AUC). Finally, the 
alteration of the polymer matrix was characterized by XRD, infrared spectroscopy, X-ray computed 
tomography and AFM. The degradations observed for the two composites are compared and related 
to nanopigments intrinsic properties. 
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RELEASE FROM COPPER-TREATED WOOD – A SUMMARY OF RESULTS FROM THE SUN 
PROJECT 

 
Nicole Neubauer1, Jana Navratilova2,3, Evgenia Oenem-Siakou4, Joerg Habicht4, Lorette Scifo5, Chiara 
Civardi6, Marcos Sanles5, Bernard Angeletti5, Jerome Rose5, Frank von der Kammer2, Wendel 
Wohlleben1, (1) BASF SE, Material Physics, GMC/R, Carl-Bosch-Strasse 38, 67056 Ludwigshafen, 
Germany (2) University of Vienna, Dept. of Environmental Geosciences, 1090 Vienna, Austria (3) 
present address: U.S. National Research Council Associate, Environmental Protection Agency, 
Research Triangle Park, NC, USA (4) BASF Wolman GmbH, E-EBE/WD, Dr.-Wolman-Strasse 31-33, 
76547 Sinzheim, Germany (5) CEREGE UR 34 Aix Marseille University - CNRS - IRD, 13545 Aix-en-
Provence, France (6) Empa, Swiss Federal Laboratories for Materials Science and Technology, 9014 
St. Gallen, Switzerland 
 
 
As copper (Cu) is a major fungicide used for wood protection, it was chosen as a case study in the 
European project SUN (Sustainable Nanotechnologies) to investigate environmental and health risks 
during the lifecycle of Cu containing wood preservatives. Here, we report on studies performed with 
regard to release from copper-treated wood based on different Cu modifications: 
 

· acrylic paint containing CuO nanoparticles 
· water-based impregnations solutions containing soluble Cu-amine or basic copper carbonate 

(CuCO3 x Cu(OH)2) nanoparticles  
 
These Cu-treated wood blocks were subjected to various (combined) environmental and mechanical 
stresses to simulate different release scenarios during the lifecycle of the materials:  
 

· leaching [EN 84] 
· immersion [validated protocol from NanoRelease initiative (1)] 
· wipe testing [NIOSH guideline 9102] 
· sanding 
· weathering [EN 927-6] 

 
Releases were quantified by (single particle) Inductively Coupled Plasma Mass Spectrometry ((sp) 
ICP-MS), electron microscopy, analytical ultracentrifugation (AUC), UV/Vis spectrometry, Scanning 
Mobility Particle Sizer (SMPS) and Optical Particle Sizer (OPS). In addition, the effectiveness of the 
wood preservatives against wood-destroying basidiomycetes was determined according to EN113. 
 
We report on quantitative release rates determined for the different types of Cu-treated wood 
subjected to the chosen release scenarios. Spontaneous release by leaching showed comparable Cu 
leaching rates for the two types of impregnated wood with Cu being released in ionic form. In contrast, 
Cu release from wood blocks coated with the acrylic paint containing CuO nanoparticles was mainly in 
particulate form, and Cu leaching after weathering was significantly increased and mainly in ionic form. 
Induced Cu release determined by immersion was in ionic form for all types of Cu-treated wood, but 
showed different release kinetics. Sanding of as-produced and aged wood resulted in comparable 
aerosol concentrations and sizes of fragments for all investigated Cu modifications. 
 
 
This work was supported by the project on Sustainable Nanotechnologies (SUN) that receives funding 
from the European Union Seventh Framework Programme (FP7/2007-2013) under grant agreement 
n° 604305. 
 
References 
(1) W. Wohlleben, C. Kingston, J. Carter, E. Sahle-Demessie, S. Vázquez-Campos, B. Acrey, C.-
Y. Chen, E. Walton, H. Egenolf, P. Müller and R. Zepp, NanoRelease: Pilot interlaboratory comparison 
of a weathering protocol applied to resilient and labile polymers with and without embedded CNTs (to 
be submitted to Carbon) 
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UNRAVELING THE COMPLEXITY IN THE AGING OF NANOENHANCED TEXTILES: A 
COMPREHENSIVE SEQUENTIAL STUDY ON THE EFFECTS OF SUNLIGHT, WASHING AND 

LANDFILLING 
 

Denise M. Mitrano1, Enzo Lombi2, Yadira Arroyo Rojas Dasilva3 and Bernd Nowack1, (1)  Empa, Swiss 
Federal Laboratories for Materials Science and Technology, Technology and Society Laboratory, 
Lerchenfeldstrasse 5, 9014 St. Gallen, Switzerland (2) Centre for Environmental Risk Assessment and 
Remediation, University of South Australia, Building X, Mawson Lakes Campus, SA 5095, Australia (3) 
Empa, Swiss Federal Laboratories for Materials Science and Technology, Electron Microscopy 
Center, Ueberlandstrasse 129, 8600 Dübendorf, Switzerland 

 
 

The potential for nanomaterials to be released from consumer goods is not in itself a new topic, but 
the basis of scientific understanding of released particles and the transformations they may undergo 
during the products life cycle (e.g. during storage, use and disposal) is often hampered by the narrow 
scope of many research endeavors in terms of both the breadth of variables studied and the 
completeness of characterization using multiple analytical methods. Additionally, studies of sequential 
aging of products representing multiple stages of the life cycle are scarce. In order to bridge these 
gaps for the release of nanomaterials from textiles, we conducted a comprehensive suite of studies 
which allowed us to suggest some overarching themes for finding important mechanisms and 
parameters for particle transformations when still adhered to the fabric or when released. Laboratory 
prepared nano-enhanced fabrics were subjected to sequential combinations of sunlight irradiation, 
washing (in seven different detergent formulas, in 1 or 10 wash cycles) and simulated reactive 
landfilling. Characterization is divided into two groups: analysis of solutions (washing and landfill 
leachate) and analysis of the NP fraction that remained on the fabric. Analytical techniques included 
single particle spICP-MS and TEM of the released particles, fabric digestion and total metal analysis 
after each exposure scenario, and both SEM and XANES analysis of the textiles for the visual integrity 
and speciation of Ag, respectively. Some broad generalizations suggest that sunlight irradiation 
hinders further speciation upon washing (as suggested by XANES). More Ag is released from fabrics 
than Au suggesting additional chemical influences and while a size effect may also be in play, the 
capping agent plays the largest role. However, when release does occur, a large proportion of 
particles are released into the wash water with little to no alteration of the size compared to the 
primary particle size (as determined by sp-ICP-MS). As seen in our previous work, detergent 
chemistry plays a significant role in concentrations of Ag released, where those containing oxidizing 
agents clearly assist in release of Ag particles (but not Au NPs, again inferring the additional chemical 
reactions specific to Ag). This undertaking of a large matrix of variables makes us more confident to 
make more overarching characterizations since trends can be monitored across more variables than in 
any other nano-composite release study to date. 
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MEASURING NANOMATERIAL RELEASE DURING WEATHERING OF POLYMER 

NANOCOMPOSITES & COMMERCIAL PRODUCTS 
 

Howard Fairbrother1, Ronald S. Lankone1, Katie Challis2, Rob Reed2, David Hanigan3, Yuqiang Bi3, 
Leanne Gilbertson4, Paul Westerhoff3, James Ranville2, (1) Johns Hopkins University – 3400N. 
Charles St. Baltimore, MD. USA (2) Colorado School of Mines – 1500 Illinois St. Golden, CO. USA (3) 
Arizona State University – 660 S. College Avenue. Tempe, AZ USA (4) University of Pittsburgh – 3700 
O’Hara Street. Pittsburgh, PA USA 

 
 

The environmental risk posed by nanomaterials embedded in a polymer nanocomposite (PNC) or a 
commercial product is determined by their intrinsic hazard and potential for exposure; release of 
embedded nanomaterials is requisite for exposure. I will discuss a complementary approach we have 
taken to quantifying nanomaterial release from PNCs and consumer products where both natural 
weathering and accelerated photodegradation conditions were utilized to determine the mass & 
kinetics of nanomaterial release, the dependence of release rates on the surrounding environment, 
and lastly, the form of released nanomaterial. 
The first approach is a multi-site, outdoor weathering study coordinated at 5 locations across the 
United States to quantify nanomaterial release from PNCs (AgNP-PNCs and CNT-PNCs) & 
commercial nano-enabled products (AgNP-textiles, CuNP-lumber, and CuNP-coatings). In addition to 
measuring nanomaterial release at each location, we also have installed location specific weather 
stations to continuously monitor and record local weather conditions. The combination of these two 
data sets permits us to begin to correlate the dependence of release on natural environmental factors 
such as UV irradiation, precipitation, and temperature. Methods, procedures, and materials used to 
examine the role of local climate on PNC degradation and nanomaterial release will be presented. 
Initial findings, such as the kinetics of release under real world conditions and its dependence on local 
climate, will also be discussed.  
The second study utilizes accelerated photodegradation conditions to examine the role of CNT loading 
in mitigating polymer photodegradation. The experimental approach involves the capture of released 
material followed by analysis with single particle inductive coupled mass spectrometry (sp-ICP-MS). 
With this technique, we are able to measure the mass of released CNTs, the kinetics of release, and 
the final release form (single CNTs vs. bundles embedded in polymer fragments). Examination of 
release data along with complementary morphological, chemical, and compositional characterization 
of the surface following exposure allowed for the development of a mechanism of CNT release from 
PNCs, as well as identified their role in mitigating polymer photodegradation and mass loss. Our 
results indicate that the addition of CNTs to a polymer matrix does not change the mechanism of 
polymer photodegradation but does decrease the depth of photolysis, thereby limiting the extent of 
photodegradation. CNT release is most prevalent during the initial stages of photodegradation, where 
the CNTs are released principally as aggregates embedded in polymer fragments. As 
photodegradation continues, the extent of CNT release decreases and the form of the released CNTs 
changes to small aggregates and individual particles. Depending on the CNT loading, 
photodegradation effectively ceases once an inert hydrocarbon, or CNT mat layer forms at the 
surface. From this approach we can provide better estimates of nanomaterials release that can be 
utilized in life cycle assessments and risk analysis.  
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END-OF-LIFE OF NANO-ENABLED PRODUCTS BY THERMAL DECOMPOSITION: POSSIBLE 
ENVIRONMENTAL HEALTH AND SAFETY IMPLICATIONS 

 
Georgios A. Sotiriou1, 2, Dilpreet Singh1, Fang Zhang1, Lutz Hoering3, Wendel Wohlleben1, 3, Philip 
Demokritou1 (1) Center for Nanotechnology & Nanotoxicology, Department of Environmental Health, 
T.H. Chan School of Public Health, Harvard University, 665 Huntington Ave., Boston, MA 02115, USA. 
(2) Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, 171 77 Stockholm, 
Sweden (3) BASF SE, Material Physics, 67056 Ludwigshafen, Germany 
 
Nano-enabled products (NEPs) increasingly make their way out of the lab and in the market. Both risk 
assessors and industry are struggling with the fact that most of the current nano-environmental health 
and safety (nano-EHS) data focus on the pristine (raw) ENMs used in the synthesis of NEPs rather 
than impacts associated with particles released across NEP life-cycle and in particular during 
consumer use and disposal at their end-of-life. Particularly interesting is their end-of-life thermal 
decomposition scenario. 
Here, a novel, standardized, versatile and reproducible methodology that allows for the systematic 
physicochemical and toxicological characterization of the NEP thermal decomposition is presented. 
Specific emphasis is placed on the thermal decomposition of a widely used NEP family, namely 
thermoplastic nanocomposites, and the properties of the byproducts (released aerosol and residual 
ash) and possible environmental health and safety implications are assessed in detail. We focus on 
establishing a fundamental understanding on the effect of thermal decomposition parameters, such as 
polymer matrix, nanofiller properties, decomposition temperature, on the properties of byproducts. 
Our results indicate that the thermoplastic polymer matrix strongly influences the size and morphology 
of the released aerosol, while there was minimal but detectable nano-related release, especially when 
inorganic nanofillers were used. The chemical composition of the released aerosol was found not to 
be strongly influenced by the presence of nanofiller at least for the low, industry-relevant loadings 
assessed here. Furthermore, the morphology and composition of residual ash was found to be 
strongly influenced by nanofiller presence. The findings presented here on thermal 
decomposition/incineration of NEPs raise important questions and concerns regarding the potential 
fate and transport of released engineered nanomaterials in environmental media and potential 
environmental health and safety implications. 
 
References 
[1] G. A. Sotiriou, D. Singh, F. Zhang, W. Wohlleben, M-C. G. Chalbot, I. G. Kavouras & P. 
Demokritou*. “An integrated methodology for the assessment of environmental health implications 
during thermal decomposition of nano-enabled products” Environmental Science: Nano 2, 262-272 
(2015). 
[2] G. A. Sotiriou, D. Singh, F. Zhang, M-C. G. Chalbot, L. Hoering, I. G. Kavouras W. Wohlleben & P. 
Demokritou*. “Thermal decomposition of nano-enabled thermoplastics: Possible environmental health 
and safety implications” Journal of Hazardous Materials 305, 87-95 (2016). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

Session 3.1 
RELEASE FROM NANO-ENABLED PRODUCTS 
 

P
a

g
e

 5
8

 

PS3.1-13 
 

THERMAL STABILITY AND MATERIAL BALANCE OF NANOMATERIALS IN WASTE 
INCINERATION 

 
Hanns-R. Paur1, W. Baumann1, M. Hauser1, I. Lang1, N. Teuscher1, H.Seifert1, W. Stapf1,  (1) 
Karlsruhe Institute of Technology, Institute for Technical Chemistry,   Hermann-von-Helmholtzplatz 1, 
D-76344 Eggenstein-Leopoldshafen, Germany 
 
Nanostructured materials are widely used to improve the properties of consumer products such as 
tires, cosmetics, light weight equipment etc. Due to their complex composition these products are 
hardly recycled and thermal treatment is preferred. In this study we investigated the thermal stability 
and material balance of nanostructured metal oxides in flames and in an industrial waste incinerator. 
We studied the size distribution of nanostructured metal oxides (CeO2, TiO2, SiO2) in a flame reactor 
and in a heated reaction tube. In the premixed propane flame, nano-structured CeO2 (65 nm) partly 
evaporates forming a new particle mode at 15 nm. This is probably due to chemical reactions in the 
flame. In addition sintering of agglomerates takes place in the flame. In the electrically heated reaction 
tube however only sintering of the agglomerated nanomaterials is observed.   
 
Ceria which has a low background in waste incinerators is therefore a suitable tracer for investigating 
the fate of nanostructured materials. Low concentrations of Ceria were introduced by a two-phase 
nozzle into the post-combustion zone of a waste incinerator. We found that nanostructured Ceria 
quickly agglomerates with the fly ash, formed by combustion of coal. With gas as a fuel less 
agglomeration was observed and the Ceria NP were in the particles size range below 1 µm. Due to 
the fast agglomeration with fly ash, nanoparticles are mainly found in the particles size range of 1 – 10 
µm:  

 
Figure: Fly ash and ceria mass concentrations in the off gas of an incinerator for gas and coal dust 
firing (sampling upstream of the filter). 
 
Comprehensive sampling of all material streams of the waste incinerator was conducted to establish 
the material balance of CeO2. About 84% of the nanostructured CeO2 were recovered and the main 
sink for Ceria was the wet scrubber. After filtration no ceria was found in the waste water. Downstream 
of flue gas cleaning by scrubber and wet ESP the particulate concentrations of Ceria was in the range 
of the background. The ceria nanoparticles therefore are completely retained by the waste incinerator. 
 
A comparison of our results with release studies in Germany and Switzerland on other nanomaterials 
and other incinerator technologies shows that nanostructured metal oxides such as Ceria and Titania 
are safely thermally treated by incineration with state-of-art flue gas cleaning.  
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PS3.1-14 
 

CONCEPTS ON HOW TO ESTABLISH A FRAMEWORK ON RELEASE OF NANOMATERIALS 
 
Thomas A.J. Kuhlbusch1,2, Christof Asbach1, Heinz Kaminski1, Araceli Sánchez Jiménez³, Yaobo 
Ding4, Martie van Tongeren³, Michael Riediker5, Simon Clavaguera6, Henk Goede7, Burkhard 
Stahlmecke1 (1) Institut für Energie- und Umwelttechnik, Bliersheimer Straße 58-60, 47229 Duisburg, 
Germany (2) BAuA, Friedrich-Henkel-Weg 1-25, 44149 Dortmund, Germany (3) Centre for Human 
Exposure Science (CHES), Institute of Occupational Medicine (IOM), Research Avenue North, 
Riccarton, Edinburgh EH14 4AP (4) IST, Universities of Lausanne and Geneva, Route de la Corniche 
2, CH-1066 Epalinges, Switzerland (5) IOM Singapore, 30 Raffles Place, 17-00 Chevron House, 
Singapore 048622, Singapore (6) NanoSafety Platform, CEA, Univ. Grenoble Alpes, Grenoble, 38054, 
France (7) TNO, Utrechtseweg 48, 3704 HE Zeist, The Netherlands 
 
 
To understand the potential release of nanoobjects and the influencing factors as a pre-requisite for 
emission and exposure is of basic importance to be able to predict potential effects on humans or the 
environment. Whereas exposure measurements are well established in occupational settings they are 
less so during other stages of the nanoobject life cycle. Release is even less studied throughout the 
life cycle with available studies pinpointing in many cases only the release of a given material during a 
special test with fixed conditions. The linkage between release and exposure and also the 
establishment of a representative test method for reliable release quantification throughout the life 
cycle are still needed. 
The release characteristics depend on the one hand on the physical form of the nanoobjects (e.g. 
powders, composites) and on the other hand on the different processes acting on the materials (e.g. 
chemical, mechanical). The presentation will introduce a „Framework on Release“• which is based on 
material properties and release processes enabling the linkage to exposure scenarios via the 
development of release scenarios. One release scenario may consist of several release processes 
such as mechanical, thermal or chemical stress. Sanding for example involves heat and mechanical 
stress. Based on experimentally determined release rates for all involved processes, with or without 
modelling, a predictive exposure assessment indicating the likeliness and level of exposure can be 
expected. The different effects of the release processes are subsequently combined to specific 
release scenarios representing for instance real world work places in companies. The figure below 
also depicts some other uses of the “Framework on Release”. 
 

 
Linkage of release processes to regulatory and safety needs in nanotechnology 

 
 The presentation will give an overview on the conceptual approach, the state-of-the art in 
release testing and will open up the discussion on the linkage of the “Framework on Release” to 
existing regulation. 
 
The research leading to these results has received funding from the European Research Council 
under the European Union's FP7 (FP/2007-2013)/ERC Grant Agreement n.263215 (MARINA project) 
and Grant Agreement n.604602 (FNN project). 
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PS3.1-15 
 

NANOMATERIAL RELEASE DATA: ARE CURRENT DATA USEFUL FOR MATERIAL FLOW 
MODELING? 

 
 
Alejandro Caballero-Guzman1, Bernd Nowack1, (1) EMPA, Swiss Federal Laboratories for Materials 
Science and Technology, CH-9014, St. Gallen, Switzerland. 
E-mail contact: alejandro.caballero@empa.ch 
 
 
Material flow analysis (MFA) is a useful tool to predict the flows of engineered nanomaterials (ENM) to 
the environment. The quantification of release amounts is a crucial part of MFA modelling. In the last 
years an increasing amount of literature on release of ENM from materials and products has been 
published. We analysed the strategies implemented by MFA models to include these release data, in 
particular to derive transfer coefficients (TC). Our scope is the articles that analysed the release from 
applications readily available in the market in settings that resemble average use conditions. Current 
MFA studies rely to a large extent on extrapolations, authors’ assumptions, expert opinions and other 
informal sources of data to parameterize the models. We qualitatively assessed the following aspects 
of the release literature: (i) the initial characterization of ENM provided, (ii) quantitative information on 
the mass of ENM released and its characterization, (iii) description of transformation reactions and (iv) 
assessment of the factors determining release. Although the literature on ENM release is growing, 
coverage of exposure scenarios is still limited; only 20% of the ENMs used industrially and 36% of the 
product categories involved have been investigated in release studies and only few relevant release 
scenarios have been described. Furthermore, the information provided is rather incomplete 
concerning descriptions and characterizations of ENMs and the released materials. We show that both 
the development of methods to define the TCs and of protocols to enhance assessment of ENM 
release from nano-applications will contribute to increase the exploitability of the data provided for 
MFA models. The suggestions we provide will likely contribute to an improved exposure modelling by 
providing ENM release estimates closer to reality. 
 
 

 

Figure 1. Release articles used by ENM flow-models and its characteristics. Only 8% of 
the whole release articles gathered in this review has been used to estimate the transfer 
coefficients by MFA models (left panel). The 9 articles used are mainly dealing with nano-
Ag and nano-TiO2 in paints and textiles (right panel). 

 
 
MAIN REFERENCE: 
Caballero-Guzman A, Nowack B. A critical review of engineered nanomaterial release modeling: are 
current data useful for exposure modeling? Environmental Pollution. 2016; 213: 502-17.
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SAFER-BY-DESIGN PRINCIPLES FOR NANOFIBERS AT THE HUMAN–NANOTECHNOLOGY 
INTERFACE 

 
 
Benjamin Gilbert1, Sylvia Lehmann2, Muriel Viau2, Djadidi Toybou3, Jean-Pierre Simonato3, Caroline 
Celle3, Brenda S. Omana4, Devrah Arndt5, Christopher Vulpe5, Annette Hofmann4, and Laurent 
Charlet2, (1) Lawrence Berkeley National Laboratory, Energy Geosciences Division, 1 Cyclotron Road, 
Berkeley, USA. (2) Université Grenoble Alpes, ISTerre, 1381 rue de la piscine, Gières, France (3) 
CEA – Grenoble, 17 rue des martyrs, Grenoble, France. (4) Laboratoire d’Oceanologie et de 
Géosciences, Université Lille 1 Sciences and Technologies, 59655 Villeneuve d’Ascq Cedex, 
France. (5) Center for Environmental and Human Toxicology, University of Florida, USA 
 
 
Worldwide research and development (R&D) into nanotechnology is driven by clear economic 
incentives. Integration of nanomaterials into commercial products can add value through 
improvements in performance, decreases in cost and through miniaturization. More excitingly for 
consumers, nanotechnology can enable the creation of novel multifunctional materials. For example, 
many industrial and academic research laboratories are working on the integration of display, power 
storage, thermal management and other functions into non-conventional settings including vehicular or 
domestic surfaces and wearable technologies. These new systems will bring nanomaterial-enabled 
products into more intimate contact with consumers, with an associated increase in the risk of 
exposure and health effects.  
 
The US and the EU have made considerable investments to anticipate health, environmental and 
policy implications of nanotechnology. US has mainly emphasized multi-disciplinary assessment of 
toxic endpoints for nanomaterial classes. The EU has funded projects with the explicit goal of 
developing safer-by-design (SbD) principles for nanotechnology. SbD is an appealing concept for 
avoiding harm to humans or the environment from new industrial processes or products. Although the 
SbD concept is intuitive it is nevertheless challenging to define, to practice and to regulate. The 
rationales for applying SbD, as well as some design and manufacturing approaches, have been 
established for some industries. However, to our knowledge SbD principles are not established for any 
nanotechnology sector.  
 
This talk will review trends in the integration of nanomaterials, particularly nanowires and nanoscale 
fibers, into portable or wearable technologies including touchscreen devices and smart textiles. High-
aspect-ratio nanomaterials used in such systems have caused concern because of their potential for 
asbestos-like toxicity. A more than 20-year effort to evaluate synthetic vitreous fibers as safe 
alternatives to asbestos culminated in the establishment of the fiber pathogenicity paradigm (FPP), 
which offers clear guidelines for diminishing inherent health risks from fibrous construction materials. 
However, new modes of consumer interaction with nanomaterial containing products may enable 
additional exposure pathways and biological interactions.  
 
We suggest revisions to the FPP for nanowires and nanofibers encompassing the materials and 
exposure pathways relevant to new nanotechnologies. Recent work indicates that nanowires are able 
to translocate across epithelial barriers and that all eukaryotic cells are susceptible to frustrated 
internalization processes leading to cell death. These observations have generated hypotheses for 
SbD principles for nanowire containing systems. Testing these hypothesis is underway through 
international collaborations in SERENADE and NanoWIR2E projects. Long-term assessment of 
nanowire toxicity will benefit from new in vitro models for skin, lung and gut barriers and new 
approaches for establishing the toxicity of low-dose, chronic exposures.  
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PS3.2-1 
 

SAFE-BY-DESIGN IMPLEMENTATION APPROACH IN PRODUCTION SYSTEMS – CASE STUDY, 
PROTECTIVE COMPOSITE COATINGS BASED IN NANO-PARTICLES 

 
 
Rita Alberto1, Marina Peixoto1, Maria Farinha1, Ana Cabral1, Ricardo Rato1, Marco Estrela1, Eduardo 
Silva 1 (1) ISQ - Instituto de Soldadura e Qualidade, Taguspark – Oeiras, Av. Prof. Dr. Cavaco Silva, 
nº 33 2740-120 Porto Salvo, Portugal 
 
Nanotechnology focuses primarily on the characterization, manipulation, manufacture and application 
of materials with extremely small dimensions, in a nanoscale. Materials of this size have unique 
physicochemical properties (e.g. surface area, dimension and functionality), which result in 
mechanical, optical, magnetic and electric characteristics distinct from those of corresponding particles 
and macroscopic surfaces. Thus, the basis of nanotechnology applied to materials relies in the use of 
these properties, which is advantageous for technological applications. 
Nanotechnology has arguably contributed to the economic growth of industrialized countries due to its 
potential on improving the quality of processes, products and human health, moreover by supporting 
environmental protection. Thereby, it contributes for a better quality of life. Therefore, the interest in 
the study and use of manufactured nanomaterials has been increasing in recent years. However, this 
situation contrasts with the lack of risk assessment to either human health or the environment. 
However, the limited information on safety of NMMs regarding human health and the environment 
can't represent a barrier to technological innovation. For this reason, the needs of society in relation to 
nanomaterials require an expansion on new applications and, on the other hand, a development of a 
paradigm of nanotoxicology, providing all that is necessary to avoid the potential adverse effects 
throughout nanomaterials’ life cycle, thus ensuring their safe use. 
The Safe-by-Design concept has gained interest over recent years as it aims to reduce potential 
health and environmental risks at an early phase in the innovation process. The application of the 
Safe-by-Design concept in one technological innovation project allows the identification and 
management of uncertainties and potential risks, making it feasible. 
PROCETS “PROtective composite Coatings via Electrodeposition & Thermal Spraying”, it’s an 
example of a technological innovation project, where the Safe-by-Design is applied, which takes 
advantage of the use of nano-particles for production of composite coatings. These reveal better 
properties when compared to those of hard chromium produced by electroplating or to WC-Co 
produced by thermal spray. 
The main target of PROCETS is to deliver protective coatings covering a wide range of applications 
such as automotive, aerospace, metal-working, oil and gas and cutting tools industries by utilizing 
more environmental friendly materials and safer in relation to health compared to the currently used. 
This will allow the replacement of the hazardous process of hard chromium plating and WC-Co 
coatings via thermal. 
To achieve this goal, will be: 1) verify the compliance with standards of all project results, namely 
REACH, and defining the specific actions to direct the development activities toward the standards; 
2) performed a risk management process following the principles and guidelines of the standard ISO 
31000 and 31010 (will start in the pilot phase in order to allow evaluating all the risk for the process 
and for the workers in a previous phase; 3) performed a completed Life Cycle Assessment (LCA) 
analysis to define the energy and environmental profile of the new processes; 4) promote safe 
practices, based on the available information and literature (good practice guides, projects results, 
standards, etc.) during electroplating and thermal spray coatings production (industrial scale), and 
identify the safer final products according to chemical and physical characterizations performed across 
the duration of the project;  
PROCETS is an European research project which started on January 1st, 2016, with an extent of 42 
months, funded from Horizon 2020 (Nº 686135) 
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PS3.2-2  
 

BANDING APPROACH FOR ENGINEERED NANOMATERIAL RISK ASSESSMENT AND 
CONTROL 

 
Alain Pardon1, Nausikaa Van Hoornick1, Dimiter Prodanov1, (1) IMEC, Kapeldreef 75, 3001 Leuven, 
Belgium 
 
In contrast to the quantitative risk assessment approach based on sufficient toxicological data, which 
is used into risk assessments of bulk materials, engineered nano-materials (ENM) represent a 
challenge because their effects on the human health and environment are poorly understood. Since 
novel ENMs are designed and synthesized regularly, sufficient toxicological characterization is 
achieved only after a substantial delay with regard to ENM use. Taking into account these 
considerations our institution has adapted a risk control approach proposed originally in 
Stoffenmanager (https://nano.stoffenmanager.nl/). We have developed a categorical risk banding and 
control approach geared towards the practices of semiconductor research and development (Fig. 1). 
 
Figure 1: Risk control matrix 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Different ENMs are categorized into three groups of low, moderate and high intrinsic hazard. The most 
important properties taken into consideration for this classification are: water solubility and dispersion 
capacity, size, shape, toxicity of parent material and toxicity of the chemical functionalization. The 
hazard is considered high when the particle size is less than 10 nm, the particles have high aspect 
ratio and the ENM is dispersed and hydrophobic. The intrinsic hazard is considered moderate if the 
particle size is in the range of 10 nm - 100 nm, the ENM aggregates or agglomerates or it has irregular 
shape. The intrinsic hazard is considered low if the parent material is water soluble or dispersed in 
liquid, it is embedded in solid matrix or has a low dispersion capacity. The probability of exposure (e.g. 
the potential of a process step to generate airborne ENM) is banded in three categories. Banding is 
based on the assumption that the greatest health hazard comes from airborne particles. High risk is 
introduced by manipulations that mechanically disrupt a surface functionalized with ENM, 
manipulations done within breathing zone, involving large amount (area factor) of ENM, steps 
producing aerosols or mechanical cleaning of process chambers and HVAC systems. Finally, the 
activities involving ENM are grouped in three risk bands of unlikely, potential and likely risk. The 
classification is realized by a combination of a structured questionnaire, sample characterization and 
workplace assessment including air sampling where we identify presence of risky operations. Different 
safety measures are prescribed based on the assigned risk class along the following directions: work 
practices in storage and shipment; proper labeling and signposting; primary containment and use of 
appropriate personal protective equipment. Our approach parallels the accepted practices in life 
sciences (e.g. biosafety) where the intrinsic hazard of the biological entity is difficult to quantify 
precisely. 
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PS3.2-3  
 

IMPLEMENTATION OF THE NANOREG SAFE-BY-DESIGN APPROACH FOR DIFFERENT 
NANOMATERIAL APPLICATIONS 

 
Christian Micheletti1, Marco Roman1, Erik Tedesco1, Iolanda Olivato1, Federico Benetti1 
(1) ECAMRICERT-ECSIN - Viale Porta Adige 45, 45100 Rovigo (RO), Italy  
 
 
The Safe-by-Design concept is already in use in different industrial sectors as an integral part of the 
innovation process management. However, the adopted approach is often limited to design solutions 
aiming at hazard reduction. Safety is not always considered during the innovation process, mainly due 
to the lack of knowledge (e.g. SMEs) and the lack of dialogue between actors along the innovation 
chain. The net result is that safety is considered only at the end of the innovation process at the 
market authorization phase, with potential loss of time and money. This is especially valid for 
manufactured nanomaterials (MNM) for which the regulatory context is not completely developed, and 
the safety knowledge is not readily available. 
In order to contribute to a sustainable innovation process in the nanotechnology field by maximising 
both benefits and safety, the NANoREG project developed a Safe Innovation approach, based on two 
elements: the Safe-by-Design approach which aims at including risk assessment into all innovation 
stages; and the Regulatory Preparedness, focused on the dialogue with stakeholders along the 
innovation chain. In this work we present some examples about the implementation of this approach 
for both elements, and for different MNM applications, in our Laboratory. 
The first example is the testing of two potential nanotech solutions for the consolidation of cultural 
heritage artifacts. This example is located in the “prototyping” stage of the innovation process, and 
gives indications about the kind of experimental tools that can be used to compare the safety of 
different MNM, and what kind of result can be expected. Two silica based nanomaterials were 
identified and tested, identifying in the silane-coated silica nanoparticles the most promising solution in 
terms of efficacy and safety. 
The second example concerns the testing of coatings used as food contact materials (FCM) with the 
goal to evaluate the conformity to food applications. This example is at the end of the innovation 
stage, in the marketing phase. The specific challenges are related to both the regulatory context, since 
the application of coatings is regulated only at national level, and the experimental context, because of 
the need to apply advanced techniques to evaluate the nature of the coating and the potential release 
of nanomaterials. From a regulatory point of view, the dialogue with regulatory national authorities 
highlighted that while the use of plastic FCM authorized substances as coating is allowed, it is not 
allowed in nanoform, and the release of substances in nanoform is not accepted. To address these 
regulatory requirements, it was necessary the development of an experimental plan aimed at 
evaluating nanomaterial release in simulants such as vegetal oil and ethanol by using techniques as 
sfFFF and single particle ICP-MS.  
The third example regards the development of a nanocarrier for the oral delivery of drugs. SbD 
concept was applied from the beginnig when several lipid-, polimeric-based nanocarriers were 
synthesized and both efficacy and safety evaluated. In particular, about 50 nanocarriers were 
developed and characterized in terms of stability, loading efficacy and release profile. The most 
promising nanocarriers were then selected for further steps on the basis of their safety, which was 
determinated both in vitro and in vivo. 
These three examples represents a good opportunity for presenting the importance of NANoREG SbD 
concept for developing new nanotechnology-based products, also highlighting the crucial role of EU 
ProSafe project in promoting this concept to industries and interested stakeholders. 
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PS3.2-4 
 

NANOSTREEM:  STRATEGIES FOR SAFETY ASSESSMENT IN ADVANCED INTEGRATED 
CIRCUITS MANUFACTURING 

 
Dimiter Prodanov1, (1) IMEC, Kapeldreef 75, 3001 Leuven, Belgium 
 
Nanoelectronics industry is a key enabler of global economic growth and development. Within 
Europe’s nanoelectronics ecosystem, the European semiconductor industry is estimated to have an 
economic value of €30 billion, and is responsible for 200 000 direct and more than 800 000 induced 
jobs. Nanoelectronics relies on multiple semiconductor processes resulting in pattering of macroscopic 
objects (silicon wafers) at nanoscale level. Overall, the semiconductor industry can be considered 
predominantly as a user of nanomaterials in integrated circuits fabrication. The rapid pace of progress 
in the semiconductor manufacturing dictated by the Moore’s economic law also introduces a variety of 
novel nano-structured materials having poorly understood hazardous properties. New materials, 
including variety of nanoparticles are constantly introduced in the development of advanced 
technology nodes. This is recognized as a shared concern by the industry; therefore a number of 
smaller scale targeted process safety and occupational health monitoring campaigns have been 
conducted. 
 
Understanding properties of engineered materials and how they affect biological systems, human 
health, and the environment is a relatively new area of scientific study which requires long term efforts, 
often coming long after a product is on the market. Such a situation presents a challenge for both 
mitigation of the occupational and environmental risks and the overall risk governance and 
policymaking.  As a step in the direction of addressing this challenge 14 industrial and academic 
institutions from 6 EU member states initiated a collaborative project named "Nanomaterials: 
Strategies for safety Assessment in Advanced Integrated Circuits Manufacturing". NanoStreeM 
(www.nanostreem.eu) is a project funded under Horizon 2020 EU Framework Program for Research 
and Innovation3.   
 
The overall goal of the project is to support and coordinate activities in relation to safety and 
occupational aspects of nanomaterial use with a specific focus on the semiconductor industry as a use 
case. The general objectives of the project are  
 
(i) to build inventories of materials, research topics and directions relevant for nanomaterial use 

and exposure in nano- electronics manufacturing (Work package 1);  
(ii) to identify gaps in knowledge and methodologies to assess the risk of engineered 

nanomaterials used in semiconductor manufacturing or incidentally released as by-products of 
the manufacturing process (Work packages 2 and 3);   

(iii) to apply obtained results for better training, management and governance of the risks related 
to engineered nanomaterials and industrial processes (Work package 4 and 5).  

 
The current phase of the project focuses on establishing trajectories of nanomaterials in 
semiconductor production facilities, identifying future materials which may become part of 
semiconductor processes and identification of operations of concern.  

  
 
 
 
 
 
 
 
 
 
 
 

                                                 
3 The project receives funding from the European Union’s Horizon 2020 research and innovation programme 

under grant agreement No 688194. 
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PS3.2-5  
 

SAVE AND SUSTAINABLE BY DESIGN: A POTENTIAL APPROACH FOR NANOINNOVATIONS 
 
Christa Schimpel1, Susanne Resch1, Celina Vaquero2, Andreas Falk1 (1) BioNanoNet 
Forschungsgesellschaft mbH, Elisabethstraße 20, Graz, Austria (2) TECNALIA RESEARCH & 
INNOVATION, Leonardo Da Vinci, 11, Miñano, Spain 
 
In the last decade nanotechnology entered the policy arena as a technology that is simultaneously 
promising and threatening. The novel combination of size, structure and physical/chemical properties 
of nanomaterials offer remarkable technological advances and innovations but may also entail new 
risks for health and the environment4,5. Currently there exists a lack of nano-specific legislation 
measures at the EU level6. Confronted with this limitations, we decided that the most sensible course 
of action is to focus on hazard/risk avoidance rather than address them as an exposure. Combining 
state-of-the-art safety assessment approaches/tools (ECETOC TRA7, Stoffenmanager Nano8 and ISO 
12901-29) we developed a risk mitigation concept following the safe-by-design approach10. The model 
is presently used synergistically in ongoing H2020 nanosafety and pilot projects (e.g., INSPIRED, Hi-
RESPONSE, R2R Biofluidics)11 and encompasses 5 main pillars: 
 
(I) Preliminary Safety Assessment 
(II) Hazard Assessment 
(III) Exposure Assessment 
(IV) Risk Characterization and Prioritization 
(V) Risk Mitigation / Safe-by-Design Approach 
 
The approach provides a lifecycle hazard-, exposure- and risk profile for a given nanomaterial (e.g., 
classify which materials and/process operation pose greater risk, where these risks occur in the life 
cycle, and the impact of these risks on society). In the case critical hotspots are found, safe-by-design 
options to reduce the likelihood of exposure can be developed (e.g., “design out” phys ico-chemical 
parameters that are identified as being drivers of toxicity of nanomaterials whilst retaining the 
functional aspects, “re-design” process and operational conditions, develop technological solutions for 
exposure reduction and personal protective equipment). In addition, the proposed concept helps to 
manage uncertainties and potential risks at the earliest possible and/or feasible stage of development 
and also supports improved regulatory readiness and preparedness. 
 
 
 
 
 
 
 
 
 
 
 

                                                 
4 Aruna, K. et al. "A Systematic Review on Nanomaterials: Properties, Synthesis and Applications." i-
Manager's Journal on Future Engineering and Technology 11.2 (2015): 25 
5 Nel, A. et al. "Environmental health and safety considerations for nanotechnology." Accounts of 
chemical research 46.3 (2013): 605-606. 
6 Justo-Hanani, Ronit, and Tamar Dayan. "European risk governance of nanotechnology: Explaining 
the emerging regulatory policy." Research Policy 44.8 (2015): 1527-1536. 
7 www.ecetoc.org/tools/targeted-risk-assessment-tra/ 
8 https://nano.stoffenmanager.nl/ 
9 ISO/TS 12901-2:2014. “Nanotechnologies — Guidelines for occupational risk management applied 
to engineered nanomaterials — Part 2” (2014). 
10 Falk, A. et al. "Research roadmap for nanosafety-Part III: Closer to the market (CTTM)." (2016). 
11 http://www.nano-inspired.eu/; http://hiresponseh2020.eu/; http://r2r-biofluidics.com/ 
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TOXICOLOGICAL EFFECTS OF CUO ON THE DEVELOPMENTAL EFFECTS OF SEA URCHIN 
EMBRYOS 

 
Suman Pokhrel1, (1) Foundation Institute of Materials Science (IWT), Department of Production 
Engineering, University of Bremen, Germany  
 
The safe implementation of nanotechnology requires nanomaterial hazard assessment in accordance 
with the material physicochemical properties that trigger injury response at the nano/bio interface. 
Since CuO nanoparticles are widely used for environmental applications including estuarine and 
marine environments, and the dissolution properties of these materials play a major role in their 
hazard potential, we hypothesized that Fe doping in CuO could constitute a safer by design approach 
by decreasing the rate of Cu2+ dissolution.  The library of pure and/or Fe doped CuO was synthesized 
using flame spray pyrolysis. The materials were analyzed using XRD and BET to extract the primary 
particle/crystallite size, while advanced imaging was performed to extract the morphology and the 
crystalline nature of the particles. The surface charge, the dissolution and particle 
aggregation/aggregation kinetics were determined to link these properties with the toxicological 
outcome.  The effects of FSP synthesized pure CuO, commercial CuO as well as ionic copper 
(CuSO4) was exposed to white sea urchin embryo to extract the embryo development process.  The 
different CuO NPs (home-made and commercially available) were internalized by embryos and their 
differential dissolution was the major toxicological parameter.  The home-made CuO showed greater 
toxicity (EC50=463ppb of copper) with increased dissolution (2.5%) compared to commercial CuO 
(EC50=5565ppb of copper, 0.73% dissolution). The CuO particle caused specific developmental 
abnormalities in sea urchin embryos including disruption of the aboral-oral axis and abnormal skeleton 
formation resulting to the changes in the redox environment caused by dissolution of internalized 
CuO.1  
 

Reference 

C. Torres-Duarte, A. S. Adeleye, S. Pokhrel, L. Madler, A. A. Keller, G. N. Cherr, Developmental 
effects of two different copper oxide nanomaterials in sea urchin (Lytechinus pictus) embryos, 
Nanotoxicology, 2016, 10(6), 671-679. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

 
Session 3.2 
SAFER BY DESIGN NANOMATERIALS AND PROCESS 

P
a

g
e

 6
9

 

PS3.2-7  
 

TOWARDS SAFER-BY-DESIGN QUANTUM DOTS 
 
Adeline Tarantini1, 2, Lucia Mattera3, Christophe Lincheneau3, Karl-David Wegner3, Olivier Proux4, 
Delphine Boutry5, Caroline Marie-Desvergne6, Sylvie Motellier5, Géraldine Sarret7, Peter Reiss3, Marie 
Carrière1, (1) (a) Univ. Grenoble Grenoble Alpes, INAC-LCIB, 38000 Grenoble, France (b) CEA, 
INAC-SyMMES, 17 rue des martyrs, 38000 Grenoble, France; (2) Aix-Marseille Université (AMU), 
CNRS, IRD, CEREGE UM34, BP 80, 13545 Aix-en-Provence, Cedex 4, France ; (3) (a) Univ. 
Grenoble Grenoble Alpes, INAC-SPRAM, LEMOH, 38000 Grenoble, France (b) CEA, INAC-SyMMES, 
17 rue des martyrs, 38000 Grenoble, France; (4) BM30B/FAME beamline, ESRF, 38043 Grenoble, 
France (b) Observatoire des Sciences de l’Univers de Grenoble, 38000 Grenoble, France ; (5)  CEA-
LITEN L2N 17 rue des Martyrs, 38054 Grenoble Cedex 9, France; (6) Univ Grenoble Alpes, CEA, 
Nanosafety Platform, Medical Biology Laboratory (LBM), 17 rue des Martyrs, F-38054 Grenoble, 
France; (7) Université Grenoble Alpes ISTerre- CNRS 38058 Grenoble Cedex 9, France  
 
Quantum dots (QDs) are semiconductor nanocrystals with highly valuable optical and electrical 
properties for biomedical imaging as well as for optoelectronic devices. However, the most promising 
QDs, cadmium (Cd)-based ones in particular, may induce adverse effects to health and the 
environment.  
 
Using a safer-by-design approach, the present work aims at designing QDs with similar 
photoluminescence properties than Cd-based ones but exhibiting less toxicity throughout their life 
cycle, following artificial ageing in particular. Indium (In)-based QDs exhibiting interesting spectral 
properties and claimed as less toxic than Cd were chosen as an alternative. QDs, either composed of 
InPZnS or InPZn (core) or covered by a double shell of ZnSe and ZnS (core-shell) and functionalized 
with either penicillamine or glutathione, were synthetized in our laboratory. Their impact was evaluated 
in a human skin model, primary human keratinocytes, and compared to that of commercial Cd-based 
QDs (CdSe core with ZnS shell). QD suspensions were then aged using a weathering chamber 
reproducing the full-spectrum sunlight. The cytotoxicity and impact on cell proliferation of both pristine 
and aged QDs were assessed with the lactate dehydrogenase assay (LDH) and the BrdU assay, 
respectively. Their ability to induce DNA damage was investigated with the comet assay. In addition, 
intracellular accumulation of QDs was quantified by inductively coupled plasma mass spectrometry 
(ICP-MS), and the speciation of Cd and In in both pristine and aged QDs was investigated using X-ray 
absorption spectroscopy (XAS), at the Cd and In k-edges. 
 
Although InP QDs were not cytotoxic up to 200 nM, while Cd-based QDs were cytotoxic, they 
significantly decreased the cell proliferation rate of keratinocytes and induced DNA damage to the 
same extent than the Cd-based ones. ICP-MS measurement confirmed that both types of QDs were 
taken up in cells at a high rate. Following ageing, both types of QDs induced a massive decrease of 
cell viability, while the cell proliferation was less impacted than with the pristine QDs. Finally, XAS 
analysis indicated that the environment around In and Cd atoms was transformed during the ageing 
process. No further transformation occurred in cells once the QDs were internalized, suggesting that 
the In core of pristine QDs did not dissolve intracellularly but dissolved during the ageing process. 
    
Altogether, these results suggest that core-shell In-based QDs may be toxic to human skin, especially 
following ageing. The impact of the surface chemistry on the stability and the toxicity of the QDs will be 
further investigated in future works. 
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MORPHOLOGY OF SILVER NANOWIRES: BETWEEN PERFORMANCES AND TOXICITY  
 
Djadidi Toybou1,2, Caroline Celle1, Muriel Viau2, Sylvia Lehmann2, Laurent Charlet2, Jean Pierre 
Simonato1, Benjamin Gilbert3, (1) Univ. Grenoble Alpes, CEA, LITEN/DTNM, F-38054 Grenoble, 
France (2) ISTerre, 1381, rue de la piscine 38610 Gières, France (3) Lawrence Berkeley National 
Laboratory, MS 74C316R, 1 Cyclotron Road, Berkeley, CA 94720, USA 
 
 
Transparent conductive films are widely used in common optoelectronics devices like organics 
photovoltaics, displays and transparent heaters[1,2]. The fabrication of transparent conductive films is 
currently realized with thin films of transparent conductive oxides, and in particular indium tin oxide 
(ITO). The as-made ITO transparent conductors lead the market with outstanding optoelectronics 
performances (R□ >50 W/□ and T >90%) but suffer from limitations like costly fabrication process and 
brittleness under mechanical stresses. 
The existing market is evolving towards new types of devices, low cost, high-performance and flexible. 
Candidate replacement materials for ITO include carbon nanotube networks (CNT), graphene thin 
films, conductive polymers, metallic grids and metal nanowire networks[1]. Metal nanowires appear the 
most promising alternative. In particular, silver nanowire networks offer flexible transparent electrodes 
with similar performances to ITO and less fabrication cost, above all a simple and controlled way of 
synthesis[3]. 
We have developed a solution synthesis method, based on polyol process, that can produce high 
aspect ratio nanowires (>150) in reproducible way and in large scale (>2.5L). Purification steps result 
in conductive nanowires ready to be integrated in various type of functional devices. This laboratory 
synthesis method is close to becoming an industrial process. 
At the dawn of massive use, the interactions between silver nanowires and the human body are not 
well known. Knowledge of the chemistry and toxicity of silver nanoparticles and of the potential health 
impacts of one-dimensional particles justifies concern about nanowires[4]. However, there are currently 
no clear conclusions about the links between nanowire properties and biological interactions. 
We will describe our “safer by design” strategy to synthesize high-performance and non-toxic silver 
nanowires. Until now, investigations are mainly focused on length effects on toxicity, but diameter 
could also influence cellular uptake and clearance. We will show successful synthesis of nanowires 
with modulated length and diameter, quantify their performance for transparent conductive film 
production, and discuss the use of toxicity studies for guiding future synthesis work. 
 

SEM pictures of silver nanowires exhibiting various diameters, from left to right: 80nm, 60nm, 20nm of 
diameter (scale bar 200nm) 

 
 

 
[1] D. Langley, G. Giusti, C. Mayousse, C. Celle, D. Bellet, J.-P. Simonato, Nanotechnology 2013, 
24 
[2] C. Celle, C. Mayousse, E. Moreau, H. Basti, A. Carella, J.-P. Simonato, Nano Res. 2012, 5 
[3] C. Mayousse, C. Celle, E. Moreau, J.-F. Mainguet, A. Carella, J.-P. Simonato, 
Nanotechnology 2013, 24 
[4] R. M. Silva, J. Xu, C. Saiki, D. S. Anderson, L. M. Franzi, C. D. Vulpe, B. Gilbert, L. S. Van 
Winkle, K. E. Pinkerton, Part Fibre Toxicol 2014, 11 
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BIO-SOURCED HYBRID TITANIUM DIOXIDE NANOSTRUCTURES FOR WALL PAINTS AND 
SUNSCREEN FORMULATIONS 

 
Neeraj SHANDILYA1, Isabelle CAPRON1, (1) Unité Biopolymères, Interactions, Assemblages (BIA) / 
NANO, INRA - Centre Angers Nantes, Rue de la Géraudière – BP 71627 44316 Nantes cedex 3, 
France 
 
Nanomaterials are an integral component of innovative products with novel and exciting applications in 
paint and cosmetic industries. Titanium dioxide (TiO2) nanoparticles have been one of the earliest 
nanomaterials to find such applications due to remarkable photocatalytic and pigments properties. 
However, their environmental impact has also been the subject of research in the recent years. Over 
the span of the life cycle of use of the nano-treated photocatalytic paints and sunscreens, TiO2 

nanoparticles tend to get released and interact with organisms through inhalation or dermal contacts 
and get accumulated inside the body. 
One of the approaches to reduce such a grave environmental impact is to associate the TiO2 

nanoparticles to lesser or absolutely nontoxic particles i.e. synthesizing nanoparticles which are “Safer 
by design”. At the same time, their original photocatalytic and UV filter properties should also remain 
intact. In order to achieve this, we propose to develop organic/inorganic hybrid nanostructures of TiO2 

nanoparticles with cellulose nanocrystals (CNC). Originally obtained from cellulose fibers which are 
abundant in nature, CNC is an important source to develop environment friendly and biocompatible 
products. They are known for their unique characteristics like sustainability, high mechanical 
properties and facile surface functionalization. As a result, CNC can be used as versatile bio-sourced 
platforms for the functionalization of TiO2 nanoparticles. Such hybrid nanostructures can also be well 
dispersed in aqueous medium, thereby, alleviating the inherent problem of poor dispersion of TiO2 

nanoparticles. 
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SAFER-BY-DESIGN STRATEGIES 
 
M. Cobaleda-Siles1, A.P. Guillamon1, V.F. Puntes1,2,3, (1)Institut de Recerca Vall d´Hebron (VHIR). Pg. 
Vall d'Hebron, 119-129 08035 Barcelona, Spain (2)Institució Catalana de Recerca i Estudis Avançats 
(ICREA) Pg. Lluís Companys, 23, 08010 BCN (3) Institut Català de Nanociencia i Nanotecnologia 
(ICN2), Campus de la UAB, Av. Serragalliners, s/n, 08193 BCN 
 
Nanotechnology is one of the key emerging technologies. Its enormous potential is fostering large 
investments on the development of new industrial applications, reflected in the increasing number of 
nano-enabled products that reach the market. However, current uncertainties on the safety of such 
products need to be carefully addressed to avoid public fears blocking the benefits of nanotechnology.  
 
Taking into consideration all stages of the life cycle of these products, to protect the safety of workers, 
downstream users and consumers, the ecosystems, and the general population that may be exposed 
through the environment it is necessary a guidance for the selection and implementation of the optimal 
strategies that can be used for the reduction of nanotechnology associated risks. 
 
Safer-by-design approaches aim at the reduction of NM hazard (such as surface coatings or 
functionalizations, and modification of chemical composition), the reduction of NM migration and 
release (such as functionalization for self healing), or the accelerated degradation/agglomeration of 
these NMs when they are released from their matrices (such as doping with catalysts to increase 
degradation under specific circumstances). 
 
Safer-by-design strategies are developed to modulate the main factors determining safety of NMs: 
Intrinsic toxicity, release/bioavailability potential, and persistence. 
 
To reduce toxicity of the NMs: 
- Shape and size modifications. 
- Increase in hydrophilicity to decrease the potential to cross biological membranes. 
- Increase in lipophilicity to promote aggregation and precipitation. 
- Modification of the intrinsic bulk composition of NMs or changing oxidation state to mitigate reactivity. 
- Design NMs that lose their catalytic activity when released from their embedding matrices 
 
To reduce release of NMs from their matrices: 
- Induction of strong van der Waals and covalent bonding between the NMs and their matrices. 
- Development of barriers by multilayer approaches (multilayer films) or multicoating approaches. 
- Self-healing pairs of NM/matrix by developing a suitable ionic approach to improve the formation of 
ionic bonding inside the host. 
 
To reduce persistence of NMs: 
- Induction of self-assembly of NMs in aqueous media or at high temperatures by introducing labile or 
intrumescent functionalities (combustion) to increase the coalescent character of the NMs (sintering). 
- Development of new high biodegradable NMs under certain temperature or oxidative conditions. 
 
The main idea is to first determine the appropriate NP descriptors, this include morphology (size and 
shape), surface state (stability, hydrophilicity, charge) and reactivity (redox potential, corrodibility, 
catalytic activity) and then modify them to reduce both exposure to NPs and their hazards while 
maintaining the desired properties of the NPs in a determined application. 
Size and shape determine many of the intrinsic (reactivity) and extrinsic (bio or environmental 
distribution) properties, the intended and the undesirable also. Therefore, modifications on shape may 
result in modifications in properties beyond the acceptable in the initial intended use of the NPs. In this 
case, focus will be on surface state, which can protect the NP from corrosion (avoiding the leaching of 
toxic ions), which can protect the surrounding molecules from unwanted catalytic degradation due to 
the NP surface, which can control interaction with biological moieties, as proteins or phospholipids 
(cell membranes), and therefore exposure and hazard to living systems. This will be achieved by 
grafting molecules, by absorption, coordination or covalent bonding to the NP surface, determining 
thus both, the NP bio activity and reactivity and the NP interaction with its working matrix (liquid or 
solid) 
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NANOSAFE DESIGN FOR MASS MANUFACTURING  
 
Jérôme Segard1, Jean-Luc Boyer, Jérémie Descarpentier, Thomas Goislard, Harald Hauf, Paul 
O’Brien, (1) Nawa Technologies S.A., Technopole de l’Arbois, Le Petit Arbois, Avenue Louis Philibert, 
13100 Aix en Provence, France 
 
NAWATechnologies [NAWA] mass-produces Vertically Aligned Carbon Nanotubes [VACNT] through 
an Atmospheric Pressure Chemical Vapour Deposition [APCVD] roll-to-roll [R2R] process. 
Large carpet-like rolls of VACNT (200-700m long, currently 30cm wide) are then the base material for 
the company’s product range of functionalized, VACNT based, supercapacitors and high performance 
thermal interfaces. 
 
NAWA puts special focus into the layout of the site for the protection of workers during the 
manufacturing process. Being the first manufacturer to mass-produce VACNT through a cost effective 
R2R process the layout of the site. 
 
The built-in adaptable design allows NAWA to adapt to changes in maximum exposure levels and 
eventual regulatory changes. Adaptable design guarantees that a manufacturing site can adjust to 
continuous learning within the nanosafety community. 
 
Our production tool presents three containment levels. Inner technology design with double pressure 
gradient is the first level. For the production equipment a mobile “Air-Module” protect people with a 
second independent air exhaust during maintenance and VACNT carpet extraction. The location of the 
pilot line in a former semiconductor clean room facility is the last protection. 
 
All particle results and exposure levels, accumulated in the coming months will be presented for the 
different confinement zones. The site’s activity in terms of wet and dry cleaning as well as some 
insights of agglomeration levels of VACNT will be shared with the nanosafe community at the 
conference. 
 
The presenter will also briefly expose general requirements for nanosafety from a manufacturer’s point 
of view, notably the need for a real time CNT-in-air measurement.  
 
NAWATechnologies company is a spin-off from the CEA, a French governmental research institution, 
founded in April 2013, located in Rousset/South of France with a staff of 25. 
 
 
 
 

 
 
VACNT synthesis R2R tool with mobile air module  
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PS3.2-12 
 

IMPLEMENTATION OF A SAFE-BY-DESIGN APPROACH IN THE CONSTRUCTION OF THREE 
OPEN PILOT PLANTS FOR MANUFACTURING NANO-ENABLED PRODUCTS TARGETED TO 

THE EUROPEAN AERONAUTICS AND AUTOMOTIVE INDUSTRIES  
 

Jesús M. López de Ipiña1, Sonia Florez2, Richard Seddon2, Angel Hernan3, Xabier Cenigaonaindia3, 

Mario Insunza3, Antonios Vavouliotis4, Vasilios Kostopoulos5, Paulina Latko6, Paweł Durałek7, (1) 
TECNALIA - Parque Tecnológico de Alava, 01510 Miñano/Spain (2) TECNALIA -  Parque Científico y 
Tecnológico de Gipuzkoa, 20009 Donostia-San Sebastián/Spain (3) Sisteplant SL - Parque Científico 
y Tecnológico de Bizkaia, 48160 Derio/Spain (4) Adamant Composites Ltd. - Agias Lavras & Stadiou 
Str., 26504 Platani-Patras/Greece (5) University of Patras - Mechanical Engineering and Aeronautics 
Department, 26500 Patras/Greece (6) Technology Partners Foundation - Ul. Pawinskiego 5a, 02507 
Warsaw/Poland (7) TMBK Partners - Ul. Czarnieckiego 44, 05126 Nieporęt/Poland  
 
Pilot plants are essential EU tools for the strategic deployment of KETs. They can drastically 
contribute to bridge the gap between nanotechnology research and markets, facilitate large scale 
market introduction of innovative, safe and sustainable nano-enabled products (NEPs) as well as 
provide pilot infrastructures and advisory services for SMEs and start-ups, in order to maximize the 
impact of upscaling activities, boosting investment and facilitate market access. 
The H2020 project Platform (GA 646307) aims to develop three new pilot plants (PPPs) for the 
manufacturing of CNT nano-enabled products (buckypapers, prepregs, doped veils), targeted to the 
European aeronautics and automotive industries. The project will end in 2018 with the goal of 
demonstrate the overall feasibility and competitiveness of the new products and production 
technologies closer to the market (TRL6). However the project's impact goes beyond, and Platform is 
also developing a business platform to commercialize the manufactured NEPs in the European market 
from 2020 onwards.  
These future commercialization needs as well as the intended use of PPPs by third parties -
particularly SMEs- force the design and construction of PPPs in conformity with legal requirements 
(CE marking), before putting them into service and made available to workers. In this regard, the 
Machinery Directive 2006/42/EC (MD) is the European regulatory framework for the design and 
construction of new machinery - as future PPPs – with a high level of protection of the health and 
safety of persons and environment.  
In this context, project Platform is conducting the design of PPPs to comply with all the provisions of 
the MD before putting them into service in 2020. Thus the development of a safe-by-design approach 
for the PPPs to meet the Essential Health and Safety Requirements (EHSRs) of the MD represents a 
project major challenge in the current context of uncertainty about nano-risks. 
This paper discusses the methodological approach followed by project Platform to integrate 
nanosafety aspects in the design of PPPs, to achieve safe designs in conformity with the relevant 
EHSRs. Since machinery must be designed and constructed taking into account the results of the risk 
assessment, this paper focuses on the systematic and iterative approach for risk assessment and risk 
reduction followed to eliminate hazards as far practicable and to adequately reduce risks by the 
implementation of protective measures. The process has been guided by the harmonized standard EN 
ISO 12100: 2010, taking the relevant phases of life cycle, expected uses and operation modes of 
PPPs into account. A specific tool to structure and document the risk assessment of PPPs has also 
been produced by the project (Platform Toolkit). 
In addition, project Platform is coordinating its efforts in the field of safe production with H2020 project 
Nanoreg2 (GA 646221), aiming at developing safe-by-design approaches within regulatory 
frameworks. Accordingly, PPPs will be a part of case studies to be undertaken by this last project. 
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TWO CASE STUDIES ON THE «SAFER BY DESIGN» ADOPTION OF NANOMATERIALS 
 
Marie-Cécile DRAIN1, Sonia BEN SLIMANE1, (1) NOVANCIA, 3 rue A. Moisant 75015 Paris, France  
 
This presentation, aims to take stock of the approach "Safer by Design" (SBD) in the context of 
adoption of nanomaterials innovation, by analyzing two case studies. This approach is implemented in 
two different sized companies, a very small company ANÉOLIA and a largest global company in the 
tire manufacturing sector, MICHELIN. 
 
The French company ANÉOLIA offers an intelligent sticker based on nano pigments giving information 
on the product temperature. It thus becomes a means of monitoring the cold chain for the various 
players. These labeled food product packages allow notably producers, distributors and consumers to 
better manage their product stocks as much in a warehouse, in a store or in a home refrigerator 
though the use of color code. The primary objective is to reduce waste, limit losses and to guaranty 
the cold chain, as waste is not only at the end of the chain with the consumer.  
 
The French company MICHELIN has innovated by introducing black carbon in tire manufacturing. In 
the early 90s, they introduced nano-structured amorphous silica obtained by precipitation in the 
manufacture of tires. This innovation allows the strengthening of treads with the goal of reducing 
carburant as well as the reduction of carbon dioxide emissions. It is present in the chain from the 
upstream synthetic rubber production phase to the distribution phase. Currently research is underway 
to develop the use of new nanomaterials. These would be promising in terms of tire durability, 
efficiency and economic value. 
  
Our strong point is not to focus on the validity of the nanomaterial technology for both companies but 
to identify the environmental, human, social and economic dimensions that allow the development of a 
new innovation. 
 
For ANÉOLIA the proper solution should reassure the end user by enabling him to prioritize his 
consumption and avoid waste. In the case of MICHELIN, this new innovation would meet and even 
anticipate new regulatory requirements related to the integration of sustainable development 
throughout the life cycle of tires and to the recycling stage. 
 
However, these innovations are confronted with the negative perception of nanotechnology and risks 
of exposure to these nanomaterials for the individual and more generally for the environment. The 
implementation of the SBD approach for nanomaterials-based products underscores the difficulties 
and the importance of identifying and the categorizing these issues. 
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PS3.2-14 
 

SAFETY-BY-DESIGN IN PRACTICE: METALLIC NANO INKS FOR PRINTED ELECTRONICS AND 
NANO-MODIFIED ALLOYS FOR ADDITIVE MANUFACTURING 

 

Lieve Geerts1, Evelien Frijns1, Jo Van Laer1, Reinhilde Weltens1, Inge Nelissen1, Sandra Verstraelen1, 
(1) VITO nv, Unit Environmental Risk and Health, Boeretang 200, 2400 Mol, Belgium 
 
 
In the global nanosafety arena (e.g. as in the European projects NanoReg I and II, ProSafe) huge 
efforts are being made to develop the concept of Safety by Design as a way to incorporate the 
Environmental Health and Safety Aspects in an early stage of the innovation process in order to 
guarantee safety in the workplace, for consumers and the environment.  
VITO implements this concept in two projects concerning the development of metallic nano inks 
(Met@link) for printed electronics and nano-modified alloys for additive manufacturing (NanoTun3D). 
During nanoproduct development, possible exposure scenarios at each life cycle stage are identified 
for workers and the environment. Along the life cycle, on-site measurements of exposure to 
nanoparticles are performed to determine and confirm hot spots of human exposure, and to indicate 
preventive measures. Impact on human health hazard is assessed by in vitro studies of nanomaterial 
interactions with human cells, and also ecological hazard is identified in experimental studies. These 
data on exposure and effects, together with existing data and physico-chemical characteristics is 
integrated to obtain a safety-by-design risk management system. 
 
This work is being performed within the project Met@Link supported by the Strategic Initiative Materials (SIM) 
Flanders and within the project NanoTun3D supported by the European Commission through the Horizon 2020 
framework program for Research and Innovation. (Grant Agreement nr. 685952) 
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PL3.3   
 

THE RISK MANAGEMENT RELATED TO NANOMATERIALS. OBSERVATION OF AN 
OCCUPATIONAL DYNAMICS BETWEEN SCIENCE AND LAW 

 
Eric Drais1, (1) INRS, Occupationnal Health and Safety Management team, 1 rue du Morvan - CS 
60027 - 54519 Vandoeuvre-Lès-Nancy Cedex, France 
 
If nanomaterials benefit from the general chemicals regulations, the lacks of scientific data on their 
dangers and the exposures raise a persistent problem of risk governance. The governance concerns 
the identification, the assessment, the management and the communication towards the risks (Renn, 
2008). The evaluation and the risk appraisal which figure in the front rank of international principles for 
the prevention of occupational risks are put in trouble by nanomaterials. One has to note that the 
professionals concerned by nanomaterials (experts, researchers, scientists) are making great efforts 
to compensate for these gaps and produce adapted rules, tools or methods of prevention (“control 
banding”, standards, etc.).  
 
Based on comparisons between companies and laboratories producing or handling nanomaterials in 
France and in the United States, our observations of the mobilization of the actors and the analysis of 
the implemented rules of prevention, reveal an unexpected articulation of the legal registers (which 
bring into conflict particularly in France the labor law and the environmental law). The borders between 
occupational health, environmental health and public health seem regularly worked again in situation. 
This right puted into act and practices, observed in the studies, makes scientists, real intermediaries of 
the law (Pélisse, 2014). They are at the origin of professional and organizational often singular 
cultures of prevention. The material, methodological or cognitive devices they develop testify of the 
dynamic relation between the science and the law. They sign renewed ways in both legal and 
technical registers of prevention which we need to seize. 
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PS3.3-1  
 

CHARACTERIZATION AND CONTROL OF NANOPARTICLE EMISSIONS FROM DESKTOP 3D-
PRINTERS 

 
Anna-Kaisa Viitanen1, Tomi Kanerva1, Erkka Saukko2, Anneli Kangas1, Kirsi Kukko3, Arto Säämänen1,  
(1) Finnish Institute of Occupational Health, P.O.Box 40, FI-00251 Helsinki, Finland (2) Pegasor Oy, 
Hatanpään valtatie 34C, FI-33100 Tampere, Finland (3) Department of Mechanical Engineering, Aalto 
University, P.O.Box 14100, FI-00076 Aalto, Finland 
 
3D-printers have become more common in recent years both for occupational and recreational 
purposes. The most popular 3D-printing technique used for small scale printing in occupational 
settings such as in offices, libraries and schools is based on material extrusion (ME). These types of 
3D-printers utilize thermoplastic polymers as a printing material, and have been characterized as a 
strong nanoparticle sources (Mendes et al. 2016, Stephens et al. 2013). Currently, safety guidelines 
for workplaces utilizing 3D-printing technology are lacking. Thus, studies on emissions and suitable 
engineering measures in order to minimize the workers’ exposure to nanoparticles are seen essential.  
We have studied nanoparticle emissions from desktop 3D-printer in the office environment. For the 
studies, desktop 3D-printer (ME), without containment, local exhaust ventilation (LEV) or air cleaning 
equipment, was used.  Acrylonitrile Butadiene Styrene (ABS) was chosen for the printing material, 
while it is one of the most commonly used material and have been shown to emit nanoparticles 
(Mendes et al. 2016). 
Two different engineering control measures, enclosure and local exhaust ventilation, were studied in a 
typical office room. Total particle number concentration and size distribution were measured with 
Scanning Mobility Particle Sizer (SMPS, model 3936, TSI Inc.). In order to study the dispersion of the 
nanoparticles in the office settings, identical diffusion chargers (Pegasor AQ Indoor, Pegasor Oy) in 
different measurement points were used.  
The measurement results showed that the 3D-printer used in a typical office environment increased 
the nanoparticle concentration in the office. The influence of different engineering control measures to 
air quality will be compared. Workers’ exposure to the nanoparticles during different exposure 
scenarios as well as suitable recommendations for workers’ will be discussed.  
 
 
Acknowledgement 
The study was supported by The Finnish Work Environment Fund (project numbers 114337, 114406, 
114374). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference 
Mendes, L., Kangas, A., Kukko, K., Molgaard, B., Säämänen, A., Kanerva, T., Ituarte, I.F., Huhtiniemi, 
M., Stockmann-Juvala, H., Partanen, J., Hämeri, K., Eleftheriadis, K., Viitanen, A.-K. Characterization 
of desktop 3D printer’ emissions. Journal of Industrial Ecology. Submitted. 2016. 
Stephens, B., Azimi, P., El Orch, Z., Ramos, T. Ultrafine particle emissions from desktop 3D printers. 
Atmospheric Environment 79: 334-339. 2013. 
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PS3.3-2  
 

EFFECT OF CARBON BLACK NANOPARTICLES ON METHANE/AIR EXPLOSIONS: INFLUENCE 
AT LOW INITIAL TURBULENCE 

 
David Torrado1, Pierre-Alexandre Glaude1, Olivier Dufaud1, (1) Université de Lorraine, CNRS, 
Reaction and Chemical Engineering Laboratory, 1 Rue Grandville, 54001 Nancy/France  
 
Nanoparticles are widely used in industrial applications as additives in order to modify materials 
properties like resistance, surface, rheology or UV-radiation. Therefore the quantification and 
characterization of nanoparticles have been compulsory, including the understanding of the risk of 
using them in those applications. As a consequence, studies of dust explosion properties involving 
nano-sized powder have been developed for a few years. During the production of nanoparticles and 
their industrial applications, simultaneous presence of gas/vapor/solvents and dispersed nanoparticles 
mixtures might be obtained, engendering the risk of a hybrid mixture explosion. The aim of this work is 
to study the explosion severity of carbon black nanoparticles/methane and understand the influence of 
adding nanopowders on the gas explosions. The results are also useful to understand the influence of 
soot on the efficiency of gas combustion. The influence of the initial turbulence level and of the 
elementary particle size of the nano-sized carbon black have been also studied. 

Two grades of carbon blacks nanoparticles ranging from 20 to 300 nm average diameter have been 
mixed methane. Tests have been performed on these mixtures in a flame propagation tube (vertical 
1 m long tube with a square cross-section of 0.07 m connected to a gas mixing system) and in the 
standard 20 L explosion sphere. With regard to the scale precision, the lowest concentration of carbon 
black was set at 0.5 g.m-3. Tests were also performed at 2.5 g.m-3, which is still far below 60 g.m-3, the 
minimum explosive concentration of such powders previously determined in our laboratory. The 
explosion severity and the flame velocity have been characterized. The influence of carbon black 
particles on the explosions severity and in the front flame propagation has been appreciated by 
comparing the results obtained for pure gas.  

It appears that the carbon black nanoparticles insertion increases around 10% the explosion 
overpressure for lean methane mixtures at low initial turbulences. Similar results are obtained for high 
initial turbulent systems. Therefore, it seems that nanoparticles has an impact on the severity of the 
explosion even for quiescent systems, contrary to systems involving micro-sized powders that requires 
dispersion at high turbulence levels. Concerning the maximum rate of pressure rise, the insertion of 
carbon black nanoparticles increase around 15% this variable for lean fuel mixture. However, this 
behavior is only observed at high initial turbulence levels. The increment on the maximum rate of 
pressure rise is higher for powders with lower elementary particle diameter, which is notably due to the 
fragmentation phenomena that promotes the heat exchange. In order to validate this assertion, the 
effect of inert silica nanoparticles on methane/air mixtures has also been assessed in order to isolate 
the effect of particles from the heat transfer and reactive effect. 
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PS3.3-3  
 

EFFECTIVENESS OF LOCAL EXHAUST VENTILATION IN REMOVING NANOPARTICLES IN 
WORKPLACES 

 
Evelien Frijns1, Maida Domat2, Carlos Fito2, Lieve Geerts1, Patrick Berghmans1, (1) VITO NV, 
Boeretang 200, BE-2400 Mol, Belgium (2) ITENE, C/ Albert Einstein, 1, 46980 Paterna (Valencia), 
Spain. 
 
 
Local Exhaust Ventilation (LEV) is an Engineering Control (EC) that is one of the primary methods to 
reduce employee exposure to airborne contaminants (dust, mist, fume, vapour, gas or Engineered 
NanoMaterials, ENMs) in the workplace. The emission at the source is captured and carried away to a 
safe emission point or to a filter/scrubber.  
Its efficiency has been widely studied against different contaminants. However, due to the increased 
use of nanomaterials in the industry, its efficiency against particles below 100 nm must be validated. 
Nanoparticles move faster than larger particles, and its movement is not only due to external factors 
such as the flow rate, but other forces modify their path, such as Brownian motion or electrostatic 
forces. Thus, the characteristics to efficiently capture micron-sized particles might not be applicable to 
ENMs.  
An in-depth study of the LEV efficiency in removing ENMs was performed both in laboratory and at 
industrial locations. A set of Standard Operating Protocols (SOPs) were developed for ENMs 
efficiency and containment testing of the LEVs. In the first place efficiency testing was performed in 
the laboratory. In the second place industrial activities handling ENMs were simulated in the lab with 
and without the use of LEV. In the third place nanoparticle exposure was measured before and after 
the implementation of LEVs at two industrial facilities. 
  
The efficiency of a capture hood was determined using 50 nm NaCl generated nanoparticles inserted 
through diffuser pipes in a particle free test chamber. With a tilted hood LEV effectiveness decreased 
as a function of distance to the source. With a hood positioned on top significant disturbances were 
noticed above the working surface. 
A partial enclosure was tested using a customized version of standard EN 14175-3. The SF6 was 
replaced with 50 nm NaCl nanoparticles and the partial enclosure was positioned in a particle free test 
chamber. Simultaneous injection of NaCl and measurement of particle number concentration in a 
sampling grid (9 CPCs) was performed at six positions inside the partial enclosure. The average 
efficiency was 99%, however efficiency strongly depended on the position inside the enclosure. 
 
Sieving of nano SiO2 was simulated inside the particle free test chamber with and without LEV. A 
reduction in particle number concentration of 74% was achieved as well as a reduction in mass 
concentration of 88%.  
 
Nanoparticle exposure was measured before and after the implementation of LEVs at two industrial 
processes:  
1. Extrusion with Thermo-plastic Elastomer (TPE) and nanoGraphene; 
2. Weighing and bagging of nanoGraphene. 
The release of Graphene nanoparticles was reduced up to 46%. A good ventilation design to 
maximize performance and proper positioning of the capture hood are crucial. 
 
 
This work was supported by the LIFE/NanoRisk project (LIFE12 ENV/ES/000178). 
 
Reference: 
EN 14175-3:2003 Fume cupboards. Type test method 
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PS3.3-4  
 

CARBON-BASED NANOMATERIALS IN ELECTRONIC GOODS: BUILDING A RISK PROFILE 
FOR NANO-ENABLED BATTERIES AT END-OF-LIFE 

 
 

Bryony Ross1, Araceli Sanchez1, Sheona Read1, Simon Clavaguera2, Cécile Philippot2, Veronika 
Hase3, Lenka Schreiberova3, Martie van Tongeren1 (1) Institute of Occupational Medicine (IOM) - 
Research Avenue North Riccarton, Currie EH14 4AP / UK, UK (2) NanoSafety Platform, CEA, Univ. 
Grenoble Alpes, Grenoble, 38054, France (3) VSB – Technical University of Ostrava, Czech Republic 

 
 
 
Electronic goods play an integral part in our daily lives, transforming the way we communicate, access 
information & are entertained. As such, the electronics industry is constantly growing, releasing new 
products almost daily. An increasing number of these incorporate technological advances enabled by 
manufactured nanomaterials (MNM), including better performance, decreased size & improved energy 
efficiency amongst many others. 
 
The sheer size of the electronics industry makes Waste Electrical and Electronic Equipment (WEEE) 
one of the fastest growing waste streams in the European Union. Handling WEEE brings numerous 
challenges, as many components of electronic devices are potentially harmful. This is further 
complicated by concerns relating to potential human and environmental exposures to nano-enabled 
WEEE. In response to this, increasing energy is being devoted to end-of-life management for WEEE. 
However, consideration of the potential risks arising from the use of MNM in electronic devices 
requires attention.  
 
As part of the NANoREG FP7 project, we investigated release and potential risks arising from 
exposure to carbon-based MNM in electronic goods, with focus on end-of-life handling of MNM-
enabled batteries. We identified critical exposure scenarios along the value-chain, and undertook 
experiments to investigate potential for MNM release/exposure at end-of-life (during crushing, 
subsequent handling & incineration) in order to build a risk profile.   
 
We examined release from two types of battery electrode (Carbon Black & MWCNT), with and without 
MNM, at three key points in their end-of-life. Release measurements were taken at a pilot facility for 
crushing batteries. Crushed battery mass was then used for aerosolisation and incineration 
experiments. The results will be used to inform the NANOREG project, and will contribute to a better 
understanding of the potential for release and exposure during the end of life stage of batteries. 
 
The research leading to these results has received funding from the European Research Council 
under the European Union's FP7 (FP/2007-2013)/ERC Grant Agreement n.604602 
(FutureNanoNeeds project) and n. 310584 (NanoReg project). 
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PS3.3-5  
 

NANOREG - NEW STANDARD OPERATING PROCEDURES TO EVALAUTE THE 
EFFECTIVENESS OF RISK MANAGENT MEASURES AGAISNT NANOMATERIALS  

 
C.Fito1, M. Domat1, J.Pla1, (1) ITENE Research center. C/ Albert Einstein, 1. 46980 Paterna, 
Valencia, Spain 

 
 
As nanotechnology applications move from research laboratories to industrial and commercial 
settings, the likelihood of workplace exposure and industrial releases will tend to increase in the near 
term, and there-fore, producers and users of engineered nanomaterials should take appropriate 
measures to ensure a safe and healthy work environment, and prevent release of ENMs into the 
environment. Therefore, wherever reasonably practicable, exposure to ENMs by all routes (inhalation, 
dermal and inges-tion) should be eliminated or controlled to the lowest reasonably practicable level 
following the principles of the hierarchy of controls. In most cases a combination of elimination, 
substitution, engineering controls (ECs), administrative controls and personal protective equipment 
(PPE) are chosen to effectively control the risks. 
 
Considering the growing production of ENMs to develop high-tech applications, there is an urgent 
need to define adequate risk management measures to mitigate and control the expo-sure to ENM 
and their agglomerates, and aggregates.  
 
The objective of this reserach, conducted under the framework of the EU funded project NanoREG 
(FP7- G.A n° 310584), is to provide the industry and regulators with a list of robust testing methods 
and reliable data on the effectiveness of common RMMs, including local exhaustive ventilation 
(LEV) systems, respiratory, dermal and eye protective equipment.  
 
The methodological approach followed was divided into 4 main sub-task, considering: (1) 
identification, compilation and critical analysis of pub-lished harmonized standards on RMMs 
performance testing; (2) development of adapted standard operat-ing procedures (SOPs); (3) 
experimental validation of the SOPs developed under controlled conditions, and (4) experimental 
testing. Figure 1 depicts this approach.  
 
 

 
Figure 1. Main activities conducted within NanoREG. Task 3.5 
 
 
A set of 8 SOPs were finally developed, including 2 for respiratory protection (masks, filters), 2 for 
chemical protective gloves, 2 for protective clothing (suits), and 2 for engineering controls (LEVs). A 
complete database on the performance of these measures is available. The results retrieved showed 
penetration values higher than expected in respiratory and body protection devices tested on human 
subjects exposed to sodium chloride nanoparticles.  
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PS3.3-6  
 

A NOVEL APPROACH TOWARDS EFFECTIVELY ASSESSING THE RISK OF NANOMATERIALS 
IN BIOMEDICAL RESEARCH  

 
Martine Orosco1, Jacques Simons1, Corinne Schiltz1, (1) Bureau de Coordination de la Prévention des 
Risques, Inserm, 101 rue de Tolbiac,  75654 Paris Cedex 13, France 
 
 
The French National Institute of Health and Medical Research (Inserm) is entirely dedicated to 
biomedical research for human health. In 2016, 72 Inserm Research Units were identified as involved 
in some type of activity with nanomaterials. Due to its research activities concentrated on medical 
applications, the laboratory-scale production of the Institute operates on relatively small amounts of 
nanomaterials. 
However, the question remains: even though nanotechnologies may constitute a significant 
breakthrough for patients, they may also be hazardous for the laboratory staff daily exposed to 
nanoparticles. 
The aim of this study was to evaluate different nanoparticle exposure scenarios in research teams in 
order to define a risk management strategy relevant to the specific activity of academic research 
laboratories. 
Several tools have been proposed, called Control Banding strategies, developed for risk assessment 
and possible control of exposures. However, these tools are more appropriate in industry, so we 
chose to test the schematic decision tree described by Groso et al. (Part Fibre Toxicol 2010). This 
approach is similar to a simplified control banding strategy and we have slightly modified it so that it 
could fit with the Inserm laboratories needs. 
Since research activities are not always as well defined as in industrial workplaces, we had to analyze 
the processes in order to identify the experimental steps presenting a potential risk. For this purpose, 
we have determined three representative pilot Research Units and asked to each of them a detailed 
description of nanomaterial-related performed processes. The decision tree was then applied by a 
series of questions regarding physical state, quantities, production or use, in order to classify an 
experimental step into one out of three risk classes.  
Technical observations were also performed in order to get an actual idea of the experiments and 
point out the shared risks (chemical, physical and biological) 
Research unit 1 manufactured and characterized polysaccharide nanosystems. All the steps were 
performed with nanomaterials in suspension, except for lyophilisation and weighing which were the 
most hazardous steps. 
Research unit 2 carried on manufacture and characterization of lipid nanocapsules as vectors for 
anticancer drugs. This implies the additional carcinogenic, mutagenic or reprotoxic (CMR) risk. 
Research unit 3 studied the toxicity of urban particulate matters on cardio-pulmonary system. The 
most hazardous steps were extraction of particles from filters by sonication and weighing. The 
particles were tested on human or pathological cultured cells. This implies also a biological risk. In 
addition, the composition of the urban particles includes metals, carbon, titanium oxide, some 
chemicals whose toxicity is high even as parent materials.   
Our approach has shown that in these pilot Units, the processes carried some risks from 1 to 3 
combined with other risks. It is then difficult to provide general precise guidelines for prevention 
measures. The precautionary principle must be applied but recommendations must be supplied case 
by case for each and every kind of nanomaterial in combination or not with other risks. 
The campaign of risk assessment and prevention should be based on communication towards all 
potential nanomaterial users.  
In conclusion, efficient protective measures depend on the combination of: locating the critical steps; 
identifying the associated risks and recognizing the nature and characteristics of the nanomaterials. 
Lack of consideration of only one of these endpoints may lead to inappropriate prevention. 
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PS3.3-7  
 

PRAGMATIC APPROACH FOR RISK ASSESSMENT SCREENING OF PRODUCTS CONTAINING 
MANUFACTURED NANOMATERIALS 

 
Anthony Cadène1, Jean-Philippe Jaeg2, Jean-Claude Amiard3, Sylvain Billet4, Emmanuel Flahaut5, 
Laurent Madec6, Philippe Pirard7, Gaetana Quaranta8, Yves Sicard9, Paul Troisfontaines10, Jacques 
Vendel11, (1) Anses – DER, 14 rue Pierre et Marie Curie - 94701 Maisons-Alfort Cedex  / France (2)  
ENVT, 23 chemin des Capelles BP 87614, 31076 Toulouse / France (3) Université de Nantes, SMAB, 
44322 Nantes / France (4) Université du Littoral Côte d'Opale – MREI2 - UCEIV, 1 quai de l'Yser, 
59140 Dunkerque / France (5) Université Paul Sabatier, CIRIMAT LMIE UMR CNRS 5085, 31062 
Toulouse Cedex 9 /France (6) EHESP, avenue du professeur Léon Bernard, 35043 Rennes Cedex / 
France (7) InVS – DSE, 12 rue Val d’Osne 94415 Saint-Maurice / France (8) Université de Strasbourg 
LyGeS – UMR 7517, 1 rue Blessig, 67084 Strasbourg / France (9) CEA – LITEN, 17 rue des martyrs, 
38054 Grenoble Cedex 09 / France (10) ISP, 14, rue Juliette Wytsman, 1050 Bruxelles / Belgium (11) 
IRSN, 91192 Gif-sur-Yvette Cedex / France 
 
 
Despite poor traceability, the various sources of information on the state of the market for consumer 
products containing manufactured nanomaterials (nanoproducts) agree that this market is highly 
diversified and evolving rapidly. Indeed these products, which are found in many areas of application, 
vary greatly even within a given sector of use. The research efforts undertaken have helped advance 
knowledge about the risks associated with the uses of these nanoproducts. However, in addition to 
still being faced with considerable gaps in knowledge in risk assessment, the dynamics of acquiring 
the required specific data compete directly with those of the evolution (manufacturing processes, 
characteristics, uses, etc.) of these nanoproducts on the market. In such a context, major uncertainties 
remain regarding the assessment of the risks associated with their use. 
 

To address these difficulties, several alternative approaches to risk assessment – specifically 
developed for nanomaterials – as well as tools intended to guide risk management in such a context of 
uncertainty, are currently being proposed by different organisations. On the basis of their analysis, 
Anses produced on 2015 a semi-quantitative approach based method for assessing health risk levels 
and ecotoxicological hazards associated with common consumer nanoproducts uses.  

One of the main improvements offered by this proposed assessment method stand in analysis of the 
relevance of the results : in order to extract information from alternative data sources when no others 
are available (for example, combining in vitro data with relevant physico-chemical information instead 
of in vivo data) while emphasising the uncertainty introduced by the use of such data, the results of the 
assessment are accompanied by a degree of relevance characterising the level of confidence that 
should be attributed to them. Therefore, the results obtained are interpreted in terms of combination of 
risk levels with associated degrees of relevance.  

The authors emphasise that this methodological work, which constitutes the first version of an 
assessment method to be improved, may be used to categorise nanoproduct-use combinations, with 
regard to the health risks and ecotoxicological hazards, in order to: 

· select those that should undergo in-depth risk assessments;  

· enable a comparison of different nanoproducts intended for a similar purpose; 

· guide the research efforts with a view to removing the most damaging uncertainties. 

This method should also provide substantial help to the various stakeholders involved, mainly by 
enabling them to: 

· identify the parameters to be studied and provided to the authorities for the risk assessment; 

· anticipate potential risks when designing nanoproducts; 

· estimate the potential risks associated with uses of nanoproducts already on the market and 
contribute to their prevention; 

· define the most suitable means of prevention to reduce the risks to the lowest level reasonably 
possible. 
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PS3.3-8  
 

CONTROL BANDING, NANOMATERIALS MANUFACTURED AND OCCUPATIONAL HEALTH 
AND SAFETY—A REVIEW 

 
Kaotar Dimou1, Claude Emond1,2, (1) Department of Environmental and Occupational Health, ESPUM, 
University of Montreal, C.P. 6128, Succ. Centreville, Montreal, Quebec, Canada (2) BioSimulation 
Consulting Inc., 2915 Ogletown Road, #1182, Newark, DE, 19713, USA 

 
In recent decades, the Control Banding (CB) approach has been recognised as a hazard assessment 
methodology for its increased importance in the occupational safety, health, and hygiene (OSHH) 
industry. According to the American Industrial Hygiene Association (AIHA), this approach originates 
from the pharmaceutical industry in the United Kingdom. The aim of the CB approach is to protect 
more than 90% (or approximately 2.7 billion) of the world’s workers who do not have access to OSHH 
professionals and traditional quantitative risk assessment methods. In other words, CB is a qualitative 
or semi-quatitative tool designed to prevent occupational accidents by controlling worker exposures to 
potentially hazardous chemicals in the absence of firm toxicological and exposure data. These criteria 
correspond very precisely to the development and production of nanomaterials manufactured (NMs). 
Considering the significant lack of scientific knowledge about work-related health risks because of 
NMs, CB is, in general, appropriate for these issues. Currently, CB can be adapted to the specificities 
of NMs; hundreds of nanotechnology products containing NMs are already on the market. In this 
context, this qualitative or semi-quantitative approach appears to be relevant for characterising and 
quantifying the degree of physico-chemical and biological reactivities of NMs, leading towards better 
control of human health effects and the safe handling of NMs in workplaces. The need to greater 
understand the CB approach is important to further manage the risks related to handling hazardous 
substances such as NMs without established occupational exposure limits. In recent years, this topic 
has garnered much interest, including discussions in many technical papers. Several CB models have 
been developed, and many countries have created their own nano-specific CB instruments. The aim 
of this research was to perform a literature review and to classify the main CB approaches that were 
developed worldwide. For this research, we conducted a systematic review by using electronic 
databases of publications and papers about the application of CB concepts from the past 20 years. 
This approach is important in understanding the conceptual basis for CB and the model’s overall 
effectiveness. These considerations will lead to a proposal of an original risk assessment method 
based on physico-chemical and biological characteristics. This method is original because it is 
independent of the structure of nanoparticles. Such a method should help us better understand the 
ability of the CB approach to limit workers’ exposure, while identifying its strengths and weaknesses. 
Developing this practice method will to help provide relevant recommendations to workers who handle 
hazardous chemicals such as NMs and the general population. Finally, the proposed methodology will 
bolster workers’ confidence in adopting a sophisticated hazard assessment approach by using 
objective and validated criteria. 
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PS3.3-9  
 

WORK DEBATE SPACES FOR TRANSFORMING REPRESENTATIONS AND BUILDING WORK 
RULES: A COLLECTIVE TOOL FOR PREVENTING RISKS RELATED TO NANOMATERIALS 

 
Catherine L’Allain1, Sandrine Caroly2, Eric Drais3, (1) Laboratoire LIP/PC2S, Université Grenoble 
Alpes (2) Laboratoire PACTE, Université Grenoble Alpes (3) INRS (Institut National de Recherche et 
de Sécurité), France 
 
 
In a context of multiple and continuous innovations and uncertainties about the health effects of 
nanomaterials, the objective of this paper is to show the interest of collective prevention approaches 
as may be established in the form of work debate spaces, with workers who manufacture or handle 
these new materials. 
 
We illustrate these processes through two ergonomic interventions for the prevention of risks 
associated with nanomaterials, one conducted at an industrial company whose activity is focused on 
the valuation of agricultural materials rich in starch for the production of a wide range of products (firm 
A) and the other carried out in a technology transfer platform which aims to promote nanostructured 
composites from raw material to finished product (firm B). 
 
In both interventions, the setting up of work debate spaces helped to initiate discussions, based on 
concrete situations of work activities, raised by workers or by the researcher involved, facilitator of 
these spaces. This form of collective reflective activity has lead to the transformation of 
representations of nanomaterial-related risks and the collective construction of rules for prevention. 
Our results are summarized in the figure below. 
 

Figure 1: Work debate spaces results on building regulations and changing representations as a tool of preventing the risks 
associated with nanomaterials (inspired of Daniellou, 1998) 

 
This analysis shows that the work debate spaces provide a relevant methodology of prevention, 
especially for so-called risk "uncertain".  
 
We note that these discussion spaces, "places of explicit contradictions and repeated offs between 
employees" (Detchessahar, 2011) allow the diversity of corporate stakeholders to compare their 
operative skills (professional practices, challenges) to the technical and scientific knowledge in health 
and safety (nanotoxicity, characterization and measurement of exposure, effectiveness of protective 
devices, regulation). They offer to produce collective action rules, adjusted to the work context and the 
representations of workers, for an updated and coordinated prevention strategy. 
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PS3.3-10  
 

FROM LIFE CYCLE ASSESSMENT (LCA) TO RISK ASSESSMENT (RA) OF ENGINEERED NANO 
MATERIALS (ENMS) 

 

Gaetana Quaranta1, Stéphanie Loyaux-Lawniczak1, Véronique Adam2, (1) LHYGES/EOST, 1 rue 
Blessig 67084 Strasbourg Cedex, France (2) Empa / TSL, Swiss Federal Laboratories for Materials 
Science and Technology, Lerchenfeldstrasse 5, 9014 St. Gallen, Switzerland 

The emergence of nanotechnologies gave impetus to the development of novel and innovative 
research both at academic and industrial levels. To date, the development of engineered 
nanomaterials (ENMs) has largely centered upon material discovery and manufacture, leading to rapid 
advances in their technological exploitation in different areas, such as textile, coatings, composites 
and medicine. This issue is addressed by the EU REACH Regulation n. 1907/2006 which gives 
industries the responsibility of the Chemical Safety Assessment (CSA) for any industrial substances. 
The CSA includes hazard assessment, exposure assessment and risk characterization. These 
different steps depend on the ecological risk assessment approach. The safety of ENMs along their 
whole life cycle towards the human health and the environment should be ensured by industrials using 
the REACH guidance. The ENM life cycle assessment (LCA) requires taking into account the fate and 
the effects of nanoparticles (NPs) and their bulk material, by determining their physicochemical 
properties, their interactions with different matrices and their behavior towards different organisms in 
response to various modes of exposure.However, even if more and more studies were performed on 
NPs in the last decade, high uncertainties remain regarding their fate, behavior and toxicological 
effects in the environment, and regarding the methodological approaches to model these parameters 
for the assessment of their environmental impacts and their risks. Consequently, a framework able to 
deal with these uncertainties is needed for the environmental assessment of ENMs. LCA, described 
as an environmental impact assessment tool for products, processes or services over their whole life 
cycles (ISO 2006), and risk assessment (RA), defined as the process of assessing magnitudes and 
probabilities of human activities or natural catastrophes adverse effects, are two methodologies used 
to assess the impacts and risks of substances in the environment. Today, there is consensus among 
scientists on combining these two tools in order to overcome their respective limitations. After giving 
an overview of the concepts of LCA and RA, of different methods of evaluating the ENMs risk and of 
the combined ACV-RA approach, the objective of this communication is to present a Bayesian 
approach of the risk applied to NTiO2.  
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PS3.3-11  
 

DEVELOPMENT OF RISK ASSESSMENT STRATEGY FOR THE GUIDENANO TOOL 
 
Susan W.P. Wijnhoven1, Petra van Kesteren1, Thies Oosterwijk2, Joost Westerhout2, Maria Luisa 
Fernandez-Cruz3, (1) National Institute for Health and the Environment (RIVM), Antonie van 
Leeuwenhoeklaan 9, Bilthoven, The Netherlands (2) TNO, Innovation for Life, Utrechtseweg 48, Zeist, 
The Netherlands (3) National Institute for Agricultural and Food Research and Technology (INIA),Ctra. 
de la Coruña,Madrid,Spain 
 
One of the main goals of work package 7 of the GUIDEnano project is to develop a risk assessment 
strategy for an NM-enabled product during its development and before introduction on the market. 
This risk assessment strategy is incorporated in the interactive web-based GUIDEnano Tool, which 
will guide the NM-enabled product developers (mainly industry) into the design and application of the 
most appropriate risk assessment and mitigation strategy for a specific product.  The strategy is 
currently built into the GUIDEnano tool and has been evaluated with hypothetical and real case 
studies within the project.  
For development of the strategy to assess the risk of NMs, information on existing risk assessment 
methodologies was used, together with discussions with experts from inside and outside the project. 
The strategy can be divided in four main elements (see Figure 1): 

1. Input and information requirements (hazard and exposure assessment) 
2. Risk assessment (calculation of a risk ratio and classification into three risk categories) 
3. Follow-up actions (reduction of uncertainty, risk mitigation) 
4. Output report 

A sensitivity analysis of the entire risk assessment process has been developed to identify the key 
assumptions or uncertainties to be reduced throughout this process. Furthermore, we are currently 
working on the contents of the output report of the GUIDEnano tool as well as on the first outlines of 
an evaluation of the tool by industry and other stakeholders. 
 
 
 

 
 
 
Figure 1: Risk assessment strategy as developed in the GUIDEnano project 
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PS3.3-12  
 

DESIGNING A SUSTAINABLE EUROPEAN CENTRE FOR RISK MANAGEMENT AND SAFE 
INNOVATION IN NANOMATERIALS & NANOTECHNOLOGIES (EC4SAFENANO) 

 
Emeric Fréjafon1, Olivier Salvi2, Benoît Hazebrouck3, Maaike Le Feber4, Jesus López de Ipiña Peña4, 
Wolfgang Unger6, and the EC4SafeNano Team, (1) INERIS – Institut National de l’Environnement 
Industriel et des Risques, emeric.frejafon@ineris.fr, Tel : +33 (0) 3 44 55 63 13 / +33 (0) 6 11 24 01 
13. BP2, 60550 Verneuil en Halatte, France (2) INERIS DEVELOPPEMENT SAS, Email : 
olivier.salvi@ineris-developpement.com, (3) EU-VRi (4) TNO, The netherlands (5) Tecnalia (6) BAM 
 
A central challenge to ensure the sustainable production and use of nanotechnologies is to 
understand the risks for environment, health and safety associated with this technology and resulting 
materials and products (engineered nanomaterials), and how to identify and implement practical 
strategies to minimise these risks. Knowledge about nanotechnology processes is growing rapidly, 
achieved through numerous European or national programs launched over the last decade, but 
effective use of this knowledge for risk management by market actors is lagging behind. 
 
The H2020 project EC4SafeNano starting on 01/11/2016 for 3 years will define and design a 
sustainable European structure for European expertise on nanosafety in order to Bridge the gap 
between research and application for public and private actors, between knowledge on risks and risk 
management, and to bring  a Balance between Science and Appliance, 
 
 The proposed partnership will set up a structure to integrate expertise activities across the member 
states, and provide the interface between the scientific community and these other parties to develop 
and supply knowledge and technical services appropriate to each community.  
 
EC4SafeNano aims to build an open collaborative network gathering expertise in risk management of 
nanotechnologies. All interested organization are invited to take part in the initiative as an Associated 
Partner helping to design the future European Centre and establish harmonized approaches for the 
proposed solutions and services. The Associated Partners will be active at the European level through 
their participation in the Focus Networks and will act in an ‘ambassador’ role for the member states 
where they are based. National centers are foreseen to mirror the European center. 
EC4SafeNano seeks to establish a record of accomplishment in developing ‘fit-for-purpose’ solutions 
and providing access to reliable data and experience to help solve the range of environment, health 
and safety challenges that will be required to develop safe and sustainable innovation for 
nanotechnology. EC4SafeNano also seeks to establish principles for safe management of 
nanotechnology, and to assist public and private organizations and industry in the application of these 
principles. European joint calls for expertise will help demonstrate the concept of establishing and 
providing this collective expertise to answer demands. 
The core group and associates are experienced in providing expert advice to industry and other 
private actors, to public authorities and regulatory bodies and in communicating evidence based 
expertise to these different target audiences. 
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PS3.3-13  
 

A RIGOROUS PROTOCOL FOR EVALUATING THE EFFECTIVENESS OF GLOVES AGAINST 
NANOPARTICLES IN SOLUTION  

 
Ludwig Vinches1, Mohamed Zemzem1, Stéphane Hallé1, Caroline Peyrot2, Kevin J. Wilkinson2, 
Nathalie Tufenkji3, (1) École de technologie supérieurs – 1100 rue Notre-Dame ouest, Montreal (Qc), 
H3C 1K3, Canada (2) Department of Chemistry, University of Montreal - C.P. 6128, succ. Centre-ville, 
Montreal (Qc) H3C 3J7 Canada (3) Department of Chemical Engineering, McGill University – 3610 rue 
University, Montreal (Qc), H3A 0C5, Canada 
 
Nowadays, the skin protection strategy implemented against engineered nanoparticles (ENP) in 
solution boils down to the application of the precautionary principle recommended by many Health & 
Safety agencies. Indeed, workers are invited to use disposable protective gloves against chemicals for 
handling ENP without knowing their real effectiveness. Recent works have investigated this purpose 
and unfortunately the studies are inconclusive about the gloves’ effectiveness against ENP. 
This project is designed to establish a normalized protocol to evaluate the effectiveness of protective 
gloves against nanoparticles in solution. This experimental methodology is based four main steps: 1) 
Determinate the most suitable bottles for the sampling solution, 2) Evaluate the loss coefficient (loss of 
nanoparticles throughout the different steps of the experimental protocol) of the sampling protocol, 3) 
Use a strict procedure to clean the different parts of the test setup to minimise the contamination and 
finally 4) Measure the penetration of ENP through disposable protective gloves. Moreover the protocol 
takes into account some conditions encountered in the workplace particularly the mechanical and 
chemical constraints imposed to the protective gloves during their use (simulation of the hand flexing 
and microclimate inside the glove such as sweat). 
For this work, one model of nitrile rubber gloves (73 µm thick) taken from different boxes and batches, 
was brought into contact with gold (5 nm) nanoparticles in water. During their exposure to gold 
nanoparticles, glove samples were submitted to mechanical deformations and were simultaneously in 
contact with a physiological solution, simulating human sweat. 
The results obtained by ICP-MS (Inductively Coupled Plasma – Mass Spectrometry) showed the 
diffusion of 5 nm gold nanoparticles through the protective gloves. Moreover, for the same model of 
glove, the results were different depending on the batch and on the box from where the gloves were 
taken. This could be due to variability in the manufacturing process of disposable nitrile gloves. But in 
all cases, significant concentrations of gold nanoparticles in the sampling solution were observed. The 
evaluation of a loss coefficient enabled to highlight an important underestimation of the concentrations 
measured in the sampling solution. 

 
 

Figure 4 a) Isometric view of the experimental setup and b) Scheme of both chambers before starting penetration 
test 
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PS3.3-14  
 

METHODLOGY FOR TESTING PERSONAL PROTECTIVE CLOTHING AGAINST AIRBORNE 
NANOPARTICLES  

 
Maida Domat1, Maria-Cecilia Cadavid2, Carlos Fito1, (1) ITENE, C/ Albert Einstein, 1, 46980 Paterna, 
Spain (2) Honeywell, 72 Chemin de la Noue, 74380 Cranves Sales, France 
 
The increasing risk of worker exposure to nanomaterials (NM) combined with the current unknowns 
about the effects of these materials on health have generated large concerns. Yet, knowledge, data, 
and test methods on Personal Protective Equipment (PPE) for NM are still very limited even though 
the first commercial products specifically advertised for protection against NM have started being 
marketed. 
 
Within the European research project GUIDEnano, funded under the 7th framework program, it was 
developed a methodology to test the efficiency of different PPEs used in the industry nowadays, as 
well as the methodology itself. The methodology provides a measure of the inward leakage into PPEs 
by dry aerosol particles (generated from a sodium chloride solution) having a mass-median 
aerodynamic diameter below 100 nm, and compared with the standard methodologies, performed with 
a flame photometer and particles with a mean of several microns. 
 
In the case of Clothing Protective Equipment, mainly two kinds of suits were tested, self-ventilated and 
chemical protective overall suits. Three heights of the suit (knee, waist and chest) are selected to 
measure and compare the particle number concentrations inside and outside the suit. Several test 
subjects with diverse physique complexion are selected perform different exercises, such as walking, 
squatting, moving arms, in order to simulate the labor done when wearing a protective suit.  A sheath 
flow of clean dry air has to be supplied inside the suit at the same flow rate as the measuring devices 
are suctioning, in order to no create depression and false the result. 

The first suit to be tested is an overall of Cat. III made of high density polyethylene formed by million 
fine and continuous fibers spun and heat-sealed each other. The specifications guarantee that repels 
aerosols and aqueous liquids, blocks particles and fibers of less than 1 µm, although it is permeable to 
air and water vapor. 

The overall inward leakage of the suit is below 5.75%, considering they are not sealed to the body, 
thus probably the leaks were due to the seams and gaps between suit and skin, and is probed that 
sudden movements, such as squats, that modify the volume of air inside the suit, provoke the highest 
penetration. In the case of self-ventilated suits, the inward leakage is below 0.001% due to the 
isolation from the external atmosphere.  
 
In conclusion, measures of protection factor by a flame photometer or by a particle counter give values 
of the same order of magnitude, even if the measure is not the same, since the flame photometer 
measures directly penetration percentage in mass and with NMs particle concentrations in number are 
obtained, which means that the protocol to measure penetration percentage across a PPE in particle 
number are validated. The results allow to observe as well that the efficiencies of the suits against 
NMs are protective enough, although non sealed suits can allow penetration when performing 
movements.  
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PS3.3-15  
 

RESPIRATORY PROTECTION AGAINST NANOPARTICLES: ELEMENTS FOR A BETTER 
RESPIRATORS SELECTION GUIDANCE 

 
Sandrine Chazelet1, Alain Masson1, Matthieu Marchal1, Jean-Christophe Appert-Collin2, (1) Institut 
National de Recherche et de Sécurité (INRS), 1 rue du Morvan, CS 60027, 54519 Vandoeuvre les 
Nancy, France (2) Laboratoire Réaction et Génie des Procédés (LRGP),1 rue Grandville, BP 20451, 
54001 Nancy, France 
 
Assessment of occupational exposure to nanoparticles is a complex issue due to uncertainties on 
metrology and health impact. It led INRS to investigate not only toxicological and metrological aspects 
but also protection solutions such as individual respiratory protection performances. The aim is to be 
ready to propose a solution of protection when an exposure to nanoparticles may be a health issue. 
A test bench was developed in laboratory at INRS to evaluate different types of Respiratory Protective 
Devices (RPD) put on a Sheffield head connected to a breathing simulator. The experimental protocol 
consisted first in the characterization of the facepiece fit with a controlled negative pressure method 
and then in the measurement of the RPD performance when the head is exposed to NaCl 
polydisperse nanoparticles. Nanoscan (TSI) was used to measure particles concentrations outside 
(Ce) and inside (Ci) the facepiece as a function of particle size. The protection level is expressed as 
the ratio between both particles concentrations. 
Parameters such as the type of RPD, the fit of the RPD on the head and the breathing rate were 
studied. Protection level of three types of filtering RPDs is plotted on the following figure as a function 
of the particle size for a mean ventilated flowrate of 27 L/min (a powered filtering half-mask, a full face 
mask and a filtering facepiece FFP3). In the case of the full face mask with P3 filter, the figure shows 
that two different fits may lead to very different protection levels.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Level of protection towards nanoparticles for different filtering RPDs obtained in INRS laboratory 

 
The results of the study show how fit testing is essential to warranty a good protection level. Moreover 
an increase of the respiratory protection level is observed when the particle size decreases from 100 
nm to 25 nm owing to the capture by Brownian diffusion in the filters.  
This work is still in progress with similar tests realized on human subjects in laboratory to take into 
account the influence of movement (talking, performing step exercises...) on the respiratory protection. 
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PL3.4 
 

NEWEST DEVELOPMENTS IN MODELING NANOMATERIALS FLOWS 
 
Bernd Nowack1, (1) Empa-Swiss Federal Laboratories for Materials Science and Technology, 
Lerchenfeldstrasse 5, CH-9014 St. Gallen, Switzerland  
 
 
The modeling of the flows of nanomaterials from production and use to end of life processes and the 
environment represent an important step in the exposure assessment of nanomaterials. Material flow 
modeling has been used to obtain the flows through the technosphere and environmental fate models 
have been developed to describe the further fate in the environment. Over the years the flow models 
have been improved and more processes have been included. This presentation gives an overview on 
the recent developments in modeling flows of nanomaterials. On the methodological site the 
incorporation of dynamics (release dynamics and formation of intermediate stocks) enables to fully 
consider the rapidly increasing production of nanomaterials and the fact that many materials are only 
released after a long lag-phase. The newest flow models for materials not covered so far, e.g. nano-
gold, silica and iron oxides, are presented. These models provide both flow data as well as predicted 
concentrations in technical and environmental compartments that can be used for environmental risk 
assessment. 
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PS3.4-1 
 

ENGINEERED NANOMATERIALS-CONTAINING WASTE STREAMS CLASSIFICATION: A 
COUNTRY WITH ECONOMY IN TRANSITION PERSPECTIVE  

 
Ndeke Musee1, (1) Department of Chemical Engineering, University of Pretoria, Private Bag X20, 
Hatfield 0028, Pretoria, South Africa 
 
 
Increasing manufacture, processing, and application of engineered nanomaterials (ENMs) in 
consumer products (hereafter referred as nanoproducts) provide opportunity for ENMs to come into 
contact with humans and other biological lifeforms in the ecosystems. Contact of ENMs with 
organisms including humans, for example, is possible through ENMs-containing waste (ECW) during 
various phases of the consumer products life-cycle (e.g. use, disposal, etc.). In addition, for effective 
and efficient handling, management, and disposal of ECW requires that the overall risk of ENMs in 
such waste streams be quantified. However, such knowledge is currently lacking or very limited due to 
a dearth of information on the content of ENMs in the ECW, and likely quantities of ENMs emitted 
during the disposal processes. This challenge is further compounded by conflicting data on the 
potential hazard and exposure of ENMs in aquatic systems. Thus, with the increasing use of 
nanoproducts there is a need to adopt systematic approaches to address their associated end-of-life 
(EOL) issues since the extent of potential risks posed by these waste streams are largely unknown.  
Here, results are presented on an ECW classification based on science-driven evidence in endeavour 
to identify appropriate handling and management mechanisms during the disposal phase. Data used 
to classify ECW streams consisted of: (i) social-economic parameters, (ii) exposure and hazard data of 
ENMs, (iii) concentrations of ENMs in a given nanoproduct (e.g. textiles, food, etc.), (iv) nanoproduct 
matrix (e.g. liquid, etc.), and (v) mass of ENMs in the waste streams hinged on provisions outlined in 
REACH (Regulation, Evaluation, Authorization, and Restriction of Chemicals). To illustrate the 
functionality of the proposed ECW classification framework; data based on the Gauteng Province in 
South Africa – one of the country’s geographical administrative region was used as a case study. The 
results led to identification of different classes of ECW streams likely from nanoproducts present in 
South African retail market based on estimated risk of a given nanoproduct. Finally, the paper 
discusses perspectives related to ECW handling, management and disposal with specific reference to 
countries with economies in transition. 
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PS3.4-2 
 

FLOWS OF ENGINEERED NANOMATERIALS FROM CONSUMER PRODUCTS TO WASTE 
TREATMENT AND RECYCLING 

  
Véronique Adam1, Fadi Sultan1, Bernd Nowack1, (1) Empa, Swiss Federal Laboratories for Materials 
Science and Technology, Lerchenfeldstrasse 5, 9014 St. Gallen, Switzerland 

 
Background. Nowadays, engineered nanomaterials (ENMs) are part of our daily life, as they are 
present in a growing number of consumer products. Yet, their potential impacts on human and 
environmental health are poorly understood. More specifically, knowledge about the quantity and 
quality of releases of ENMs to the environment is associated with large uncertainties, although they 
constitute the first step of environmental impact modelling. The aim of this work is to improve the 
quantification of the flows of ENMs from the use phase to waste treatment and in particular to 
recycling. 
Material and Methods. This work relies on material flow analysis (MFA) to assess the flows of ENMs 
from their production, manufacturing and consumption towards waste treatment and recycling. An 
assessment at the national scale is used to obtain results for each European country based on the 
available statistics for production and waste treatment. The behavior of the ENMs during the recycling 
processes is also studied, in order to assess their potential elimination, release to the environment or 
flow back to production, manufacturing and consumption. The forms in which the ENMs exit the waste 
treatment processes are assessed by expert elicitation. Probabilistic modelling is used to account for 
the uncertainties underlying the scarce data sources. 
Results. This method enables the dynamic modelling of the amounts and forms of ENMs entering and 
exiting the recycling processes across Europe. The work focuses on the ENMs nano-TiO2, ZnO, Ag, 
SiO2 and CNT. Results are presented for complete mass flows from all products using the respective 
ENM into waste and recycling. The forms in which the ENMs are released to the environment include 
pristine and matrix-embedded; they are considered eliminated either by transformation (e.g. 
sulfidation) or by dissolution. 
Conclusion. This work constitutes the first quantitative assessment of flows of ENMs to recycling in the 
EU. It forms an important piece in the discussion on the potential of ENMs to contaminate waste flows. 
 

 
Modelling the flows of ENMs through waste treatment. PC: Product Category, WC: Waste Category, 
WWTP: Waste Water Treatment Plant. Direct releases of ENMs from production, manufacture, use 

and waste collection are not further studied in this work. 
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PS3.4-3 
 

DEVELOPMENT OF A RELEASE MODEL FOR WASTE SHREDDING USING A BAYESIAN 
BELIEF NETWORK 

 
Tom Ligthart1, Imelda van Voorde2, Burkhard Stahlmecke3, Simon Clavaguera4, Neeraj Shandilya5, 
Thomas Kuhlbusch3, 6, Richard Laucournet4, Bas Henzing1, Yaobo Ding7, Henk Goede8, (1) TNO - 
Princetonlaan 6, 3584 CB Utrecht, Netherlands (2) TNO - Oude Waalsdorperweg 63, 2597 AK The 
Hague, Netherlands (3) IUTA - Bliersheimer Straße 58-60, 47229 Duisburg, Germany (4) NanoSafety 
Platform, CEA – Grenoble France, 17 Rue des martyrs 38054 Grenoble, France (5) INRA/BIA/Nano, 
Rue de la Géraudière – BP 71627 44316 Nantes, France (6) BAuA, Friedrich-Henkel-Weg 1-25, 
44149 Dortmund, Germany (7) Institute for Work and Health (IST), Universities of Lausanne and 
Geneva, Route de la Corniche 2,1066 Epalinges, Switzerland (8) TNO - Utrechtseweg 48, 3704 HE 
Zeist, Netherlands 
 
Nano-enabled products are on the market and their market share will increase in the future. Like all 
products, nano-enabled ones will ultimately become waste products. A nanomaterial flow analysis, 
conducted as part of the EU-FP7 Future Nano Needs (FNN) project, showed that for several value 
chains the end-of-life of these products is a potential ‘hotspot’ of nanomaterial release. Especially for 
waste of electronic and electrical equipment (WEEE) shredding is the main treatment before further 
recycling. However, data on the release of nanomaterials during shredding are very sparse, and as 
nanomaterial-containing WEEE is expected to grow significantly this poses a forthcoming problem for 
recycling plants. A way to overcome this problem is to predict the release of nanomaterials during 
shredding by establishing a Bayesian Belief Network (BBN). BBNs have multiple advantages: they 
provide a coherent framework for making a priori assumptions about unknowns, present the formal 
rules to update that knowledge when data later become available, and explicitly model the uncertainty 
in the BBN’s release forecasts. 
 
We developed a BBN for three value chains: photovoltaics, lithium-ion batteries and display 
technologies. Shredder manufactures and recyclers were consulted to obtain process-related 
information. To set up the BBN three steps were taken during an expert elicitation procedure: 1) 
assigning appropriate variables, 2) developing the network structure and conditional links between 
them, and 3) quantification of the model by filling the conditional probability tables. Measurement data 
from literature and field data obtained from shredding processes in the FNN project were considered 
as information sources.  
 
The final BBN release model consists of fourteen material- and process-related variables, seven 
intermediate variables and four goal variables. The goal variables for the initial release of 
nanoparticles are the number of particles, the total mass, size class and composition of particles.  The 
network was implemented in Genie software©. The model output will be presented using a number of 
available release studies on shredding processes.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The research leading to these results has received funding from the European Research Council 
under the European Union's FP7 (FP/2007-2013)/ERC Grant Agreement n.604602 (FNN project). 
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PS3.4-4 
 

NANOCOMPOSITES END-OF-LIFE STUDIES – A KEY STEP FOR TOMORROW’S 

NANOCOMPOSITES SAFE DESIGN 
 
Cécile Philippot1, S. Jacquinot1, A. Guiot1, D. Boutry1, E. Zimmermann1, N. Pelissier1, J.F. 
Damlencourt1, S. Vázquez2, A. Vilchez2, C. Citterio3 & J.L. Muñoz2, (1) Univ. Grenoble Alpes, CEA 
Tech, PNS, F-38000 Grenoble, France (2) LEITAT C/ de la Innovació, 2 · S-08225 Terrassa 
(Barcelona), Spain (3) LATI Industria termoplastici S.p.a. Via F. Baracca 7, I-21040 Vedano Olona 
(VA), Italy 
 
For more than one decade, the increase of nanoparticles (NPs) used in industrial products and the 
uncertainty on their toxicity induced a new way of taking control of the development: the safe by 
design approach combining nanocomposite properties with its end-of-life behavior. The main goal is to 
choose the formulation with less NPs released when the nanocomposite becomes a waste. In the 
frame of Guidenano European project, we investigated the nanocomposites high thermal degradation 
and the released NPs potential in the combustion fumes. 
For this purpose, we developed a high temperature furnace to study the thermal degradation of 
polymers containing nanoparticles, in agreement with the European parliament directive 
(2010/75/EU – art. 50). Several equipment were connected to the furnace exit to measure and 
observe the aerosols generated by the process. The incineration protocol developed in our laboratory 
showed stable and reproducible results. 
In this lecture, we focused on the results obtained during the thermal degradation of Polyprolylene 
(PP) nanocomposites containing different amount of TiO2 NPs as safer by design ones composed of 
SiO2 coated TiO2 NPs. Real-time measurements (Figure 1-A) highlighted two main phenomena: 

- Aerosols generated during incineration are mainly composed of NPs. The addition of TiO2 NPs 
in PP induced a slight increase of the amount of released NPs and the addition of SiO2 coated 
TiO2 NPs had no influence. 

- It seems that TiO2 NPs impacted the PP thermal degradation kinetic with longer combustion 
time. The safe-by-design formulation seemed to inhibit this phenomenon. 

The first microscopy/chemical analysis (SEM/EDS) observations (Figure 1-B) showed that aerosols 
were mainly composed of carbonated aggregates/agglomerates NPs and the main part of TiO2 NPs 
were found in the final ashes. 
Additional analyses are on progress to clearly define TiO2 impact on the PP thermal degradation 
kinetic and to control the remaining TiO2 NPs into the ashes. Moreover, we also investigated the 
nanocomposites behavior after climatic aging.  
The combination of all the results will provide the industrial partners with the best formulation for 
tomorrow’s safe-by-design nanocomposites. 
 

 

Figure 1: Impact of TiO2 NPs loaded in PP matrices on NPs emission and on thermal degradation period (A); 

SEM/EDS observation before and after thermal degradation (B). 
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ENVIRONMENTAL ASSESSMENT OF THE PHOTOCATALYTIC  
DEGRADATION OF CONTAMINATED WATER 

 
Martina Pini1, Paolo Neri1, Federica Bondioli2, Elisabetta Zerazion1, Anna Maria Ferrari1, (1) 
Department of Science and Engineering Methods, University of Modena and Reggio Emilia,  Via 
Amendola 2, Reggio Emilia, Italy (2) Department of Industrial Engineering, University of Parma, Parco 
Area delle Scienze, 181/A, Parma, Italy 
 
Waters are under increasing pressure from the continuous growth in demand for sufficient quantities 
of good quality water for all purposes. This highlights the need for a policy of preservation and 
restoration, aiming at both maintaining the existing good quality surface waters, preventing them from 
degradation on a long term, and improving the conditions of the whole aquatic environment by 
reducing industrial and urban discharges, emissions and losses of hazardous substances. In the last 
decades, several nanotechnology-based water treatment technologies have been developed and used 
to improve desalination, safe reuse of wastewater, disinfection and decontamination of water. 
Compared to traditional technologies, advanced oxidation processes (AOP), based on the presence of 
titanium dioxide (TiO2), provide an efficient alternative for water remediation. However, these 
processes are mainly exploited through photoreactors with floating catalyst that may release “free” 
nanomaterials in the environment posing a comparable or worse harm to the environment compared 
to that solved through the photodegradation process. The Life Cycle Assessment (LCA) was applied in 
order to drive the research towards the best technology and contribute to the development of a new 
awareness and knowledge on using TiO2 based nanoproducts and nanotechnologies in water 
purification. The functional unit is represented by the amount of water to be treated in the 
photoreactor. The LCA study was performed using the SimaPro 8 software and USEtoxTM methods. 
The human health effects caused by the potential releases of nanoTiO2 into the environment were 
taken into account. Therefore, the newly developed human toxicity characterization factors of nano-
TiO2 for indoor and outdoor environments based on the USEtoxTM framework were implemented in the 
impact assessment stage. The system boundaries for the analysis include the supply of all raw 
materials involved in the process until the end of life of the components. In this work, starting from 
laboratory data, the best environmental performance of the industrial scale up of the nano-TiO2 based 
photoreactor was evaluated. The ecodesign of the industrial scale up process was performed on lab 
data carried out by the experiments to determinate the optimized water purification system. The 
remaining data were obtained from specialized databases (Ecoinvent v3) and literature such as 
devices, plants, internal transports, ordinary maintenance operations and all data regarding 
installation, use and end of life steps.  
 

 
LCA results – USEtoxTM modified method 

 
LCA analysis indicates that the application of nanoTiO2 on the alumina microspheres determines the 
main environmental load on all impact categories (Human toxicity, non-cancer, Ecotoxicity, Human 
toxicity, cancer, indoor, Human toxicity, non-cancer, indoor) except for Human toxicity, cancer where 
the Alumina microspheres production causes the main impact. The releases of nanoTiO2 occur mainly 
during the application process. The amount of nanoparticle emitted to air (outdoor environment) 
results equal to 3,92E-8 kg, instead that one emitted into indoor environment is 4,3E-12 kg.  



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

Session 3.4 
FROM NANOPRODUCTS TO WASTE 

P
a

g
e

 1
0

1
 

PS3.4-6 
 

IDENTIFYING ENVIRONMENTAL BENEFITS OF COATINGS BASED ON  
SINTERED NANO-TUNGSTEN-CARBIDE COBALT CERAMICS  

 
Henning Wigger1,2, Michael Steinfeldt2, Alvise Bianchin3, (1) Empa, Lerchenfeldstr. 5, CH-9014 St. 
Gallen / Switzerland (2) University of Bremen, Department of Technological Design and Development, 
Badgasteiner Str. 1, D-28359 Bremen, Germany (3) Mbn Nanomaterialia Spa, Via Giacomo Bortolan, 
42, Carbonera TV, Italy 
 
 
Engineered nanomaterials (ENMs) offer improved or novel technical properties, which is why they are 
increasingly used in applications. Besides these new material properties, the applied ENMs may also 
contribute to a higher eco-efficiency compared to conventional technologies due to decreased uses of 
material and energy. Thus far, only a few studies were conducted mainly focusing on the production 
stage and did not consider a complete life cycle thinking approach. These studies identified 
significantly differing positive and negative environmental performances for different ENMs. The here 
presented study focuses on tungsten-carbide cobalt nanoparticles (nano-WC-Co), which are applied 
on conveyor rolls as ceramic coatings due to the improved material properties compared to 
conventional hard chromium. The cradle-to-grave life cycle assessment of nano-WC-Co application 
identified an overall reduced environmental impact compared to the conventional hard chromium 
application. Thereby, the most significant reduction was observed in the categories metal depletion (-
98%), water depletion (-91%), agricultural land occupation (-83%). Likewise, the categories human 
toxicity (-76%) and climate change (-70%) showed a significant reduced environmental impact. The 
results were evaluated by experts reviewing process and a sensitivity analysis identified two significant 
parameters: the efficiency of thermal spraying process, and the assumption on the extended product 
lifespan. Despite of these influential parameters, it has been shown that nano-WC-Co coatings 
significantly contribute to a higher eco-efficiency in every sensitivity variation and can offer more 
sustainable solutions compared to the standard technology. 
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STANDARD WASTE CHARACTERIZATION TESTS FOR ASSESSMENT OF NANO-ENABLED 
CERAMIC TILES 

 
Laura Heggelund1, Kerstin Jurkschat2, Mikael Olsson1, Steffen F Hansen1, Thomas F Astrup1, Alessio 
Boldrin1 (1) DTU Environment, Technical University of Denmark, Bygningstorvet, Buillding 115, 2800 
Kgs Lyngby, Denmark (2) Oxford Materials Characterisation Service, Department of materials, Oxford 
University Begbroke Science Park, Begbroke Hill, Oxford OX5 1PF, UK 
 
 
 
 
 
 
 
  
 
 

 

 

 
Figure 1. Shcematic representation of experimental set-up for waste characterization batch test (DS 
12457-1) of ceramic tiles (picture on the left) and the analyses performed.  
 
 
The global market for products enabled by nanotechnology is predicted to expand even further due to 
the very large benefits presented by nanoproducts compared to conventional products. An example is 
the utilization of nano TiO2 in different building materials e.g. glass and ceramics, to make so called 
self-cleaning materials. The self-cleaning properties originate from the photocatalytic activity of nano 
TiO2 which generates ROS that decomposes organic compounds attached to the material. This 
technology is widespread and patented worldwide, and these nano-enabled building materials will 
eventually end up in waste streams, where plausible end-of-life scenarios include disposal in landfills 
or reuse as aggregate materials in construction of roads or parking areas. Before disposal in landfills, 
it is important to identify potential leaching of hazardous elements to assess any risks to the 
environment. However, very few scientific studies have so far tried to quantify leaching of nano-objects 
using standard waste characterization tests. It is not clear how or if the standard tests should be 
adapted to assess the nano specific releases, or if the tests are applicable for assessment of these 
types of materials. To gain experience in this area, we performed a standard waste characterization 
batch test on ceramic tiles coated with nano TiO2. The batch test is normally used as a screening tool 
to assess potential leaching from materials going into landfills. Figure 1 shows the experimental set-up 
of the 24hrs test, which was performed at a high liquid to solid ratio (l/s=2), using 3 leachants (DW, 
CAL, NOM) and 2 materials (Nano-coated tiles, Reference tiles). Besides total Ti content, potential 
leaching of nano-objects was assessed by characterizing pH, conductivity, zetapotential and 
particulate Ti content & particle size of all leachates. Imaging of leachates was performed using TEM 
and qualitative elemental information was obtained with EDX. 
Preliminary results show very little leaching of Ti particles in all leachant media and no differences 
between the mean sizes of the particles leached. Interestingly, particulate Ti was found in leachates 
from both Nano-coated and Reference tiles, but this can be explained by the fact that both tiles have a 
large content of naturally occuring Ti in the ceramic material. 
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INCINERATION OF A COMMERCIAL COATING WITH NANO CEO2 
 
Olivier Le Bihan1, Laurent Meunier1, Ghania Ounoughene2, Olivier Aguerre-Chariol1, (1) INERIS, F-
60550 Verneuil en Halatte, France (2) KU Leuven, ProcESS, Postal box 2424, Celestijnenlaan 200F, 
B-3001 Leuven, Belgium 
 
The potential environmental risk arising from the incineration of waste containing nanomaterials is a 
new field which deserves further attention. Some recent studies have begun to focus on this topic (e.g. 
Walser 2012, Le Bihan 2014, Ounoughene 2015) but the data are incomplete. In addition, there is a 
need to consider real life waste. 
 

The present study gives some insight into the fate and behavior of a commercial coating containing a 
commercial additive (7%) based on nano-CeO2 (aggregates of 10 to 40 nm, with elemental particles of 
2-3 nm). The tests have been conducted with a system developed in the frame of the NanoFlueGas 
project (Le Bihan 2014). It involves the combustion parameters of incineration (temperature around 
850°C, highly ventilated combustion, at least 2 s residence time for the combustion gas in a post-
combustion chamber at 850°C, and high oxygen/fuel contact).  

  

Time tracking by electric low pressure impaction (ELPI) shows that the incineration produces aerosol 
with number concentration dominated by sub-100 nm particles. Cerium is observed by TEM and EDX 
analysis but as a minority in the frame of heterogeneous particles (Figure 1). 
ICP-MS analysis indicates that the residual material consists mainly of CeO2 (60% of the mass). 
Observation by TEM establishes that is in the form of 40-200 nm aggregates and suggests that 
sintering occurred during incineration (Figure 2).  
 

As a conclusion, incineration led mainly to the release of nano-CeO2 in the residual material, as the 
major component. This is consistent with a scale 1 experiment conducted by spraying nano-CeO2 onto 
waste in the furnace entrance (Walser 2012). 
Aggregates are larger compared to the initial waste, and sintering is observed. So, the incineration did 
not destroy the nano-structure of the waste but transformed it (and probably decreased the specific 
surface).  
 

 
Figure 1 – scale: 10 µm 

 
Figure 2 – scale: 5 µm 

 
References:  
Characterization and reduction of particulate emissions from the incineration of wastes containing 
engineered nanomaterials, Le Bihan O., A. Joubert, D. Venditti, T. Tran, G. Ounoughene, B. Debray, 
S. Durécu, L. Le Coq - Summary of the NanoFlueGas ADEME Project - 2014 - Convention n° 
1181C0088 – 7p 
Behavior and Fate of Halloysite Nanotubes (HNTs) When Incinerating PA6/HNTs Nanocomposite, 
Ounoughene G., Le Bihan O., Chivas-Joly · C., Motzkus C., · Longuet C., Debray B., Joubert C., Le 
Coq L., Lopez-Cuesta J-M. (2015). Environmental Science and Technology 49(9):5450–5457 
Persistence of engineered nanoparticles in a municipal solid-waste incineration plant, Walser, T.; 
Limbach, L-K.; Brogioli, R.; Erismann, E.; Flamigni, L.; Günther, D.; Stark, W-J.. Nature 
nanotechnology Letters. 2012, 7, 520-524 
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POTENTIAL TRANSFORMATION PROCESSES OF STERIC STABILIZED QUANTUM DOTS AND 
THEIR COLLOIDAL STABILITY IN COMPLEX AQUEOUS WASTE MATRICES 

 
Florian Part1, Christoph Zaba1, Oliver Bixner1, Christian Zafiu2, Stephan Hann3, Marion Huber-Humer4, 
Eva-Kathrin Sinner1, (1) University of Natural Resources and Life Sciences, Department of 
Nanobiotechnology, Institute for Synthetic Bioarchitectures, Muthgasse 11, 1190 Vienna, Austria (2) 
Forschungszentrum Jülich, ICS-6 Structure Biochemistry, Wilhelm-Johnen-Straße, 52425 Jülich, 
Germany (3) University of Natural Resources and Life Sciences, Vienna, Department of Chemistry, 
Division of Analytical Chemistry, Muthgasse 118, 1190 Vienna, Austria (4) University of Natural 
Resources and Life Sciences, Department of Water-Atmosphere-Environment, Institute of Waste 
Management, Muthgasse 107, 1190 Vienna, Austria 
 
 
Fluorescent nanomaterials and semiconductor quantum dots (QDs) are already in use in different 
fields such as electronic devices or for bioimaging due to their outstanding optical properties and high 
photostability. For example, QDs are applied as semiconductors for LED-applications or solar cells1. 
To enhance their colloidal stability as well as processability the nanoparticle’s surface is covered with 
organic ligands, making them dispersal in whether hydrophobic or hydrophilic environments. At the 
end of their life cycle QDs and other engineered nanomaterials (ENMs) are most likely to end up in 
waste streams and currently very little is known on their ultimate fate and behavior in the 
environment.2  
In our study3, we took advantage of the high photostability and water-dispersibility of sterically 
stabilized QDs, enabling us to long-term monitor these fluorescent ENMs in landfill leachates – as an 
example for a relevant environmental sinks for ENMs. HR-ICP-MS was used to determine trace metal 
concentrations in landfill leachates and EEM spectroscopy was applied to specify natural organic 
matter typically present in waste waters. Fluorescence spectroscopy and UV/VIS in combination with 
dynamic light scattering were used to study the long-term behavior of QDs dispersed in five real 
landfill leachates for more than 180 days. Their characteristic optical properties allowed the 
investigation of potential transformation processes and the differentiation from naturally-occurring, 
fluorescent substances, such as, proteins, fulvic or humic acids.  
Our results showed that QDs do interact with dissolved organic carbon (DOC) as well as dissolved 
metal ions, depending on their type of capping agents and surface properties as well as residence 
time and storage temperature. As the pH of leachates retained constant during the entire observation 
period, the pH had no significant impact on their photoluminescence properties. In particular, chemi- 
and physisorption of DOC led to a decrease in fluorescence intensity and subsequently to further 
steric stabilization of QDs. Adsorption of dissolved metal ions (i.e. Cd2+ or Zn2+) led to an increase in 
fluorescence intensity, indicating that an additional passivation layer consisting of higher band gap 
materials was formed. We showed that steric stabilization of QDs in landfill leachates led to an 
increased colloidal stability and high motility. In summary, the stabilizing-organic ligands of QDs, DOC-
sorption as well as adsorption of metal ions retard the dissolution of the particle’s core. In conclusion, 
the surface properties of QDs and naturally-occurring organic matter have great influence on QD’s 
mobility and on their ultimate fate in the environment.   
 
References 
1. Kamat, P. V., Quantum Dot Solar Cells. The Next Big Thing in Photovoltaics. The Journal of 
Physical Chemistry Letters 2013, 4, (6), 908-918. 
2. Part, F.; Huber-Humer, M.; Berge, N. D., Engineered nanomaterials in waste streams. Waste 
Management 2016, 51, 1-2. 
3. Part, F.; Zaba, C.; Bixner, O.; Zafiu, C.; Hann, S.; Sinner, E. K.; Huber-Humer, M., Traceability of 
fluorescent engineered nanomaterials and their fate in complex liquid waste matrices. Environmental 
pollution (Barking, Essex: 1987) 2016, 214, 795-805. 
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IMPACT OF CEO2 NANOPARTICLES FROM DIESEL ADDITIVES ON WASTEWATER 
TREATMENT AND BIOSOLID VALORIZATION 

 
Abdoul Karim Kaboré1,2,4, Anais Cuny1,2,3,4, Nicolas Roche1,4, Mélanie Auffan2,4, Catherine Santaella3,4, 
(1) Aix-Marseille Univ, CNRS, Centrale Marseille, M2P2, UMR 7340, 13545 Aix-en-Provence, France 
(2) Aix-Marseille Univ, CNRS, IRD, CEREGE UM34, UMR 7330, 13545 Aix-en-Provence, France (3) 
Aix-Marseille Université, CEA, CNRS, Biosciences and biotechnology Institute of Aix-Marseille BIAM, 
DRF, UMR 7265,  LEMIRE, CEA Cadarache, St-Paul-lez-Durance, France (4) GDRi iCEINT, 
international Consortium for the Environmental Implication of Nanotechnology, CNRS-Duke University, 
Aix-en-Provence, France  
 

Several studies on the fate of released nanoparticles showed that wastewater treatment plants 
(WWTP) are primary sink12,13,14 for engineered nanomaterials, with sorption on activated sludge as the 
main process for their removal15,16,17. Previous work at the lab-scale, using aerobic sludge spiked with 
CeO2 nanoparticles (nCeO2) and synthetic wastewater as feeding, resulted in removal of 90% of CeO2 
from effluent and 44% of Ce reduction to Ce (III), after 5 weeks exposure18. Our work is focused on (i) 
the effects of environmental concentrations of CeO2 NPs on wastewater treatment and microbial 
communities and (ii) on subsequent consequences on anaerobic digestion of sludge. We used nCeO2 
incorporated in a diesel additive (enviroxTM) combusted at 850 °C in order to mimic the release by a 
diesel engine. We implemented a 5-L aerobic bioreactor spiked with sequential addition of nCeO2 for 
40 d until a final concentration of 2.8 mg/L, a realistic concentration in WWTP. We analyzed the 
effects of nCeO2 on: i) organic load and nitrogen removal efficiency, ii) nCeO2 distribution and 
speciation and iii) microbial community structure and activity. Organic substances removal and sludge 
production were not affected by nCeO2. The accumulated sludge was 3.7 and 3.5 g/L total suspended 
solids for the culture control and culture spiked with nCeO2, respectively. Nitrification efficiencies of 
94.1 and 94.5 % were similar between the two bioreactors. Unlike published results (reference?), 
exposure to 2.8 mg/L of nCeO2 did not increase the production of loosely or tightly bound 
exopolysaccharides, which were seen as a matrix embedding nanoparticles and reducing their effects 
on sludge flocs. More insights into nCeO2 fate from WWTP entrance to sludge digestion, and on 
consequences on system efficacy will be presented. 
 

                   
 

Figure1: experimental design of the aerobic and anaerobic processes 
 

The authors thank the Labex Serenade (ANR-11-LABX-0064) funded by the “Investissements 
d’Avenir” French Government program of the French National Research Agency (ANR) through the 
A*MIDEX project (ANR-11-IDEX-0001-02) and the CEA. 

                                                 
12 (Eduok 2013) 
13 (Eduok et al. 2015) 
14 (Kim et al. 2010) 
15 (Chaúque et al. 2016) 
16 (M. A. Kiser et al. 2009) 
17 (Mehlika A. Kiser et al. 2010) 
18 (Barton et al. 2014) 
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THE CONCEPT OF RESPONSIBLE NANOTECHNOLOGY: HISTORY, CHALLENGES AND 
OPPORTUNITIES 

 
Steffi Friedrichs1, David Winickoff1, (1) OECD, 2 Rue André-Pascal, 75775 Paris Cedex 16, France 
 
Nanotechnology has long been an exemplary case for a more ‘responsible’ conduct of research and 
innovation, because its development coincided with a movement to reform the technology 
development process to be more inclusive, responsible and responsive to society. Both nanoscience 
and nanotechnology thus became test-cases for the development and implementation of new 
concepts of technology assessments, in particular those trading traditional expert-opinion-based 
assessments for more participatory processes. This development can be seen in the development of 
the concept ‘Responsible Nanotechnology’ over time through projects like the European Commission’s 
Framework 7 (FP7) research funding programme, the US National Nanotechnology Initiative (NNI), 
and individual large-scale projects such as the Center for Nanotechnology in Society at Arizona State 
University (US).  
The lecture will review recent developments in the “Responsible Nanotechnology” concept. In 
particular, while the first initiatives focused on a consideration of ethical, legal and social aspects in the 
conduct of nanoscience and -technology, recent initiatives embed these aspects as a default and seek 
to instruct scientists and engineers in their day-to-day work. Advanced initiatives, such as 
‘nanotechnology safety by design’ and ‘nanotechnology sustainability’ exemplify this trend. 
It is critical to recognise the ways, in which efforts to make nanotechnology more responsible, have in 
fact served as test beds for the much larger field of emerging technologies, for example within the 
European Union’s theme on ‘Responsible Research and Innovation’ (RRI). The lecture will therefore 
look at the different elements a generic framework of ‘responsible research and innovation’ may 
consider and highlight specifically those elements that pose the most nanotechnology-specific 
challenges and opportunities. The OECD Working Party on Biotechnology, Nanotechnology and 
Converging Technologies is conducting a number of projects engaging the concept of responsible 
innovation, including a ‘Workshop on Responsible Innovation in Brain Science and Neurotechnologies’ 
(held 15.-16. September 2016, Washington, US), and a ‘Workshop on Gene Editing in an international 
Context: Scientific, Economic and Social Issues across Sectors'  (29.-30. September 2016, Ottawa, 
Canada). 
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LICARA NANOSCAN - A TOOL FOR THE SELF-ASSESSMENT OF BENEFITS AND RISKS 
OF NANOPRODUCTS 

 
Wouter Fransman1, Toon van Harmelen1, Harrie Buist1, Eelco Kuijpers1, Tom Ligthart1, Ester 
Zondervan1, (1) TNO, Netherlands 
 
 
The fast penetration of nanoproducts on the market under conditions of significant uncertainty of their 
environmental properties and risks to humans creates a need for companies to assess sustainability of 
their products. Evaluation of the potential benefits and risks to build a coherent story for 
communication with clients, authorities, consumers, and other stakeholders is getting to be 
increasingly important, but SMEs often lack the knowledge and expertise to assess risks and 
communicate them appropriately. This presentation introduces LICARA nanoSCAN, a modular web 
based tool that supports SMEs in assessing benefits and risks associated with new or existing 
nanoproducts. This tool is unique because it is scanning both the benefits and risks over the 
nanoproducts life cycle in comparison to a reference product with a similar functionality in order to 
enable the development of sustainable and competitive nanoproducts. SMEs can use data and expert 
judgment to answer mainly qualitative and semi-quantitative questions as a part of tool application. 
Risks to public, workers and consumers are assessed, while the benefits are evaluated for economic, 
environmental and societal opportunities associated with the product use. The tool provides an easy 
way to visualize results as well as to identify gaps, missing data and associated uncertainties. The 
LICARA nanoSCAN has been positively evaluated by several companies and was tested in a number 
of case studies. The tool helps to develop a consistent and comprehensive argument on the 
weaknesses and strengths of a nanoproduct that may be valuable for the communication with 
authorities, clients and among stakeholders in the value chain. LICARA nanoSCAN identifies areas for 
more detailed assessments, product design improvement or application of risk mitigation measures. 
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DETERMINANTS OF TAKOFF AND SLOWDOWN OF INNOVATION IN A SITUATION OF 
UNCERTAINTY REGARDING ENVIRONMENTAL AND HEALTH RISKS 

 
Mariia Ostapchuk1,3, Claire Auplat1,2, Pierre Boucard3, Jean-Marc Brignon3, (1) PSL, Université Paris-
Dauphine, DRM UMR 7088, F-75016 Paris, France (2) Novancia Business School Paris, 3 rue 
Armand Moisant - CS 81560 , 75731 Paris Cedex 15, France (3) Institut National de l’Environnement 
Industriel et des Risques (INERIS), Parc Technologique ALATA, BP n°2, 60550 Verneuil-en-Halatte, 
France 
 
Uncertainty is immanent in every innovation. Apart from innovation performance, uncertainty in the 
field of nanotechnology is mainly associated with environmental and health risks. Due in part to a lack 
of consistent data, there is a limited empirical literature on determinants of diffusion of 
nanotechnology. While recent studies [1, 6] have identified some patterns of the diffusion of innovation 
in a situation of uncertainty, they have not fully explored it.  
This research aims to define determinants of takeoff and slowdown of a new product in a situation of 
uncertainty about environmental and health risks. Specifically, this presentation has two goals. The 
first one is to provide better understanding of the diffusion process of an intermediate good which is in 
the transition phase between the growth and the maturity stages. We choose a chemical (bisphenol A 
(BPA)) as a possible model for a nano-based intermediate good because of the lack of historical data 
on nanomaterials. The second goal is to compare these results to nanosilver which can be considered 
as an intermediate good at the introduction stage. 
Side-effects of new products might be unknown in the early stages of product life cycle. Moreover, 
safety aspects do not appear to be often integrated from the design stage of (nano)products. 
Increasing scientific evidence of potential undesirable effects of a new product might have an 
important effect on the rise of public concerns which might lead to serious consequences for the 
diffusion of this new product. New perspective will help managers to better understand the stages of 
diffusion of a new product in a situation of uncertainty. Besides, very little research is available 
regarding the adoption of innovation under these conditions [7]. 
For this research, data on BPA consumption and explanatory variables, which potentially affect 
consumption of bisphenol A, have been collected from different sources. Before applying the Feasible 
Generalized Least Squares to estimate a model, a principal component approach has been applied to 
choose a subset of predictors among multiple proxies to construct a parsimonious model. Drawing on 
the study of Ghimire and Woodward (2013), we have constructed a measure of “over-“ and “under-
consumption” of bisphenol A. “Under-consumption” can be an alternative indicator of rejection, 
discontinuance of innovation or slowdown of product’s sales growth at international level.   
Prior literature suggests that the factors which influence the entire diffusion process, produce different 
effects in the various phases of product’s life cycle [2, 4, 5]. Additionally, one of our results suggests 
that certain factors might have different effects at the same stage in the absence of uncertainty and in 
its presence.  For example, Golder & Tellis (2004) have found that a decrease in income can be 
associated with an increase in probability of slowdown. Contrary to these findings, we have found that 
higher income might be associated with a decrease in consumption of a product in a situation of 
uncertainty about environmental and health risks. We propose that at higher level of income, people 
could become more concerned about health and the environment and as a result generation of 
potential side-effects could be reduced by the risk-averse consumer choices. The second part of this 
presentation is devoted to a comparison of these findings to nanosilver which provides us with 
additional insights into the determinants of its takeoff. 
 
 
References:  
[1] Arora, S. K., Foley, R. W., Youtie, J., Shapira, P., & Wiek, A. (2014). Drivers of technology adoption - the case of nanomaterials in building 

construction. Technological Forecasting and Social Change, 87, 232–244.  
[2] Chandrasekaran, D., & Tellis, G. J. (2007). A critical review of marketing research on diffusion of new products. In N. K. Malhotra (Ed.), Review 

of Marketing Research (Vol. 3, pp. 39–80). Emerald Group Publishing Limited.  
[3] Ghimire, N., & Woodward, R. T. (2013). Under- and over-use of pesticides: An international analysis. Ecological Economics, 89, 73–81.  
[4] Golder, P. N., & Tellis, G. J. (2004). Growing, Growing, Gone: Cascades, Diffusion, and Turning Points in the Product Life Cycle. Marketing 

Science, 23(2), 207–218.  
[5] Kauffman, R. J., & Techatassanasoontorn, A. a. (2005). International diffusion of digital mobile technology: A coupled-hazard state-based 

approach. Information Technology and Management, 6, 253–292.  
[6] Köhler, A. R., & Som, C. (2014). Risk preventative innovation strategies for emerging technologies the cases of nano-textiles and smart 

textiles. Technovation, 34(8), 420–430.  
[7] Olson, D. L., Birge, J. R., & Linton, J. (2014). Introduction to risk and uncertainty management in technological innovation. Technovation, 34(8),  
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SAFER-BY-DESIGN AND FINANCING? AN EXPLORATORY APPROACH OF PRIVATE 
FINANCING OF NANOTECHNOLOGICAL START-UPS 

 

 
Benjamin Le Pendeven1, Emmanuel Frémiot2, (1) CNAM - Paris, 2 rue Conté, 75003 Paris / France (2) 
Novancia Business School Paris – Paris, 3 rue Armand Moisant, 75015 Paris 
 
 
Nanotechnology are a scientific domain where many start-ups work. Mainly they are university or large 
companies’ spin-offs (Miller et al., 2004). This scientific and industrial dynamism highlights the need of 
cash for investments and R&D expenditures in these firms. The literature about innovation financing 
explains that a large choice of financial solutions is a necessity for a durable and strong development 
of a wide start-ups ecosystem. 
Usual data show us that Venture Capitalists financing (VC) (Gompers, 1996) and from Corporate 
Venture Capitalists (CVC) (Gompers and Lerner, 2000) for start-ups are relatively low. Indeed, it 
seems to be only 4% of total nanotechnologies financings (OCDE et NNI, 2013). In comparison, public 
financing is still growing (Nanothinking, 2013; Cientifica, 2011; Pomykalski, 2011).  
Regarding the importance of strikes for nanotechnologies, the lack of serious data about financing in 
this sector, and the large need of a better understanding of start-ups financial resources and 
specificities, we decided to work on this topic.  
Our methodology to investigate this subject was to (i) identify several hundreds of nanotechnological 
and independent start-ups in the world, (ii) collect data about their performance (sales), finance (debt, 
equity financing) and identification data (area, NAICS’s code, etc.), (iii) a few semi-structured 
interviews with entrepreneurs and experts in the nano sector. 
The first finding of our research is that nanotech start-ups work in very diverse industrial sectors. Even 
if nano’s specialists know this reality, literature didn’t demonstrate it rigorously. We used for this 
sectorial identification the NACE and NAICS’s codes. 
The second finding is that VCs massively finance – in comparison with other sectors – small firms in 
nanotechnologies. The need of cash (which is estimated the double of a start-up in another sector) is 
so important that equity’s financing is an obligation.  
The third finding is the large proportion of corporates and CVCs in the start-ups’ equity. Indeed, the 
nanotechnology sector is, in different with all other sectors, massively concerned by large firms 
investment in start-ups. The reasons of this specificity are various. 
The fourth result is the recurrence of co-investments between financial investors (VCs) and industrial 
ones (CVC). The literature about entrepreneurial finance demonstrates that as often as possible 
investors and start-ups prefer to don’t co-invest, because of they don’t share same interests, aims and 
time horizons. In the nanotechnologies, it’s different, in reason of the need of scientific and industrial 
expertise, the need of cash, and the need for large firms to know innovations that start-ups generate; 
especially those based on a Safer-by-design approach.  
 
 
 
 
 
 
 
 
"This work has been carried out in the framework of the Labex SERENADE (ANR-11-LABX-0064) and 
of the A*MIDEX project (ANR-11-IDEX-0001-02), funded by the «Investissements d’Avenir» French 
Government program managed by the French National Research Agency (ANR)” 
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SUPPORTING RISK ASSESSMENT OF NANOMATERIALS WITH QUALITY-APPROVED 
INFORMATION - DANA LITERATURE CRITERIA CHECKLIST 

 
Clarissa Marquardt1, Nils Bohmer2, Harald F. Krug2, Dana Kuehnel3, Florian Paul4, Christoph 
Steinbach4, Katja Nau1, (1) Karlsruhe Institute of Technology (KIT), Institute for Applied Computer 
Science, Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany (2) Empa - 
Swiss Federal Laboratories for Materials Science and Technology, Research Focus Area Health and 
Performance, Lerchenfeldstrasse 5, 9014 St. Gallen, Switzerland (3) Helmholtz-Centre for 
Environmental Research (UFZ), Department Bioanalytical Ecotoxicology, Permoserstrasse 15, 04318 
Leipzig, Germany (4) DECHEMA e.V. Society for Chemical Engineering and Biotechnology, Theodor-
Heuss-Allee 25, 60486 Frankfurt a. M., Germany 
 
 
 
Nanotechnology is of increasing significance for many sectors of industry opening the market for 
numerous new applications ranging from electronics to the health care system. Besides their great 
innovative potential, the large variety of existing synthetic nanomaterials used in the last decade 
together with all current and future new (nano)materials represents a major challenge for scientists 
and regulators in terms of measuring and assessing the potential hazard caused by the materials or 
the products themselves.  
Addressing the issue of material characterisation being one of the key challenges any nanosafety 
assessment and safe-by-design approach, the DaNa project team (Data and knowledge on 
nanomaterials, www.nanoobjects.info) developed and recently updated its’ Literature Criteria Checklist 
providing the nanosafety community with a great tool for quality evaluation and management of 
scientific publications. This checklist includes mandatory and desirable assessment criteria covering 
the topics physico-chemical characterisation, sample preparation and necessary (biological) testing 
parameters ensuring a thorough, comprehensive and fit-for-purpose assessment of the used 
nanomaterial in any given setting (products, humans, environment).  
With this approach, the international DaNa-expert team has been processing scientific publications on 
nanomaterials dealing with safety issues for humans and the environment. All positively evaluated 
literature is then fed into the DaNa Knowledge Base and published on the website 
www.nanoobjects.info. Accounting for the need to harmonise experimental practices, the DaNa team 
also developed a template for Standard Operation Procedures (SOP) to support careful scientific 
practice. Validated protocols generated within the German BMBF-funded nanosafety research projects 
are presented together with results from the Swiss CCMX project V.I.G.O. and available for download. 
This web platform offers easy-to-understand, up-to-date and quality-approved information on 26 
market-relevant nanomaterials concerning their effects on safety of humans and the environment.  
DaNa2.0 is a national project funded by the German Federal Ministry of Education and Research (FKZ 
03X0131). 
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FEEDBACK FROM NANOBADGE USE ON SITE AND COMBINATION WITH REAL-TIME 
COUNTERS WHEN PERFORMING A BASIC NANO EXPOSURE ASSESSMENT STAGE 

 
 
Raphael de Thoury1, (1) NanoInspect, France 
 
 
The nanoparticles exposure assessment strategy of the recommended approach of OECD (Series on 
the Safety of Manufactured Nanomaterials n°55 - env-jm-mono(2015)19) has been chosen as a basis 
of the future European standard on Exposure assessment to nano-objects, their aggregates and 
agglomerates (currently in progress under the mandate of the European Commission). 
 
It consists in systematically performing a basic assessment as soon as the nano risk is identified at 
workplace, using real-time light counters (CPC or DC) and/or off-line analysis. Devices used at this 
stage must be very compact and simple to use. This is the reason why NANOBADGE has been 
developed in order to facilitate the off-line measurement and to make it accessible to everyone. 
 
At NANOSAFE 2014, the NANOBADGE concept and the commercial version of the device (launched 
in 2015) has been presented. One year after first measurement on site, experience has been acquired 
on methods to apply when evaluating personal exposure to nanomaterials and their performances. 
 
The NANOBADGE performances on serial products will be presented: stability, repeatability, 
reproducibility of the mass measurement, homogeneity for scanning electron microscope procedures. 
 
The combined use of real-time counters and off-line analysis on site has been tested on real situations 
and will be discussed. Both techniques could be well complementary if measurement protocols are 
carefully designed. 
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SENSING SOLUTION FOR AIRBORNE CARBON NANOTUBE EXPOSURE 
IN WORKPLACES BASED ON SURFACE-ENHANCED RAMAN SPECTROSCOPY 

 
Rudolf Bieri¹, Burcu Çelikkol Zijlstra¹, Joanna Borek-Donten¹, Stefano Cattaneo², Thomas Bürgi3, (1) 
Stat Peel AG, Stampfgasse 4, Glarus, Switzerland (2), CSEM Swiss Center for Electronics and 
Microtechnology, Bahnhofstrasse 1, Landquart, Switzerland (3) University of Geneva, Quai         
Ernest-Ansermet 30, Geneva, Switzerland 
 
Today’s advances in man-made nanomaterials pose new and unprecedented health risks, arising 
especially from airborne, inhalable fiber-shaped nanomaterials, like carbon nanotubes (CNTs). In vivo 
studies indicate that inhalation of CNTs can cause adverse pulmonary effects including inflammation, 
granulomas and pulmonary fibrosis [1, 2]. As a result, the National Institute of Occupational Health 
and Safety (NIOSH) in USA recommends an exposure limit of 1µg/m3 of CNTs as a respirable mass 8-
hour time-weighted average concentration [3]. However, detecting this amount is extremely 
challenging with the current sensing solutions. 
 
Here, we would like to present a wearable, cost-effective badge sensor with an air filtration system 
[4,5]. The sensor is capable of collecting airborne carbon nanotubes from the surrounding atmosphere 
on a disposable membrane filter, which acts as a SERS substrate. The badge system is integrated 
with a bench-top sized optical reader for fast and automated inspection of collected samples.  
 
Our system enables detection of sub-nanogram quantities of collected CNTs and, by utilizing the 
advantages of Raman spectroscopy, is a solution able to uniquely distinguish carbon nanotubes from 
background aerosols present in air. 
 

 
Illustration of the air-sampling badge and bench-top reader 

 
 
 
 
 
[1] Nat Nanotechnol. 4(11): 747–751 (2009) 
[2] Am J Physiol Lung Cell Mol Physiol 289: 698-708 (2005) 
[3] NIOSH CIB 65: Carbon Nanotubes and Nanofibers 
[4] Patent pending 
[5] Swiss Technology and Innovation Project 17623 
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PARTICLE SIZE DISTRIBUTION MEASUREMENTS WITH THE NOVEL 1NM-SMPS 
 
Torsten Tritscher1, Florian Dahlkötter1, Carsten Kykal1, Jacob H.T. Scheckman2, Jürgen Spielvogel1, 
Thomas Krinke1, Eric Filimundi3, Patrick Post4, Alfred Weber4 and Oliver F. Bischof1, (1) TSI GmbH, 
Particle Instruments, Neukoellner Str. 4, 52068 Aachen, Germany (2) TSI Incorporated, 500 Cardigan 
Road, Shoreview, MN 55126, USA (3) TSI France Incorporated, Technopôle de Château-Gombert, 
13382 Marseille, France (4) Technical University Clausthal – MVT, Leibnizstraße 19, 38678   
Clausthal-Zellerfeld, Germany 
  
  
Scanning Mobility Particle Sizer (SMPS) spectrometers employing a Differential Mobility Analyzer 
(DMA) for size separation and a Condensation Particle Counter (CPC) for counting are widely used for 
the measurement of aerosol particle size distributions in the sub-micrometer range. These 
measurements of particles as small as few nm in diameter are needed in science and industry for 
applications including nucleation and growth, reaction kinetics, engineered nanoparticle synthesis and 
combustion research.  
TSI recently introduced the new 1nm-SMPS system capable of measuring size distributions from 1 to 
50 nm. It provides a high-resolution method to do fast measurements of particle size distributions 
starting from 1 nm (D50 at 1.1 nm geometric diameter or 1.4 nm electrical mobility diameter, see 
Figure 1). This lower cut-off diameter is achieved by using the new Nano Enhancer (Model 3777, TSI 
Inc., USA) to activate or pre-grow particles using Diethylene glycol (DEG) before entering the butanol-
based CPC (Model 3772, TSI Inc., USA). DEG has been used as a working fluid to pre-grow sub-2.5 
nm particles to a size detectable with a standard CPC (Iida et al, 2009; Jiang et al, 2011). The SMPS’ 
Electrostatic Classifier is equipped with a neutralizer and the new 1nm-DMA (Model 3086, TSI Inc., 
USA) which has a similar design to the Nano-DMA but was further optimized for size-selecting 
particles down to 1 nm with lower diffusion losses.  
We demonstrate the enhanced performance of the 1nm-CPC combination as shown in Fig. 1 but also 
in comparison to an Ultrafine CPC with its D50 at 2.5 nm. First measurements have been performed 
on different sources including flame aerosol, spark ignition and dielectric barrier discharge (DBD) 
generated particles. The generation and the sampling setup are challenging in the sub-2 nm range 
and require an optimized design of all influencing factors. However, size distribution measurements 
even with mode diameters clearly below 2.5 nm were achieved and show the capability of the new 
1nm-SMPS. 

 
Figure 1: Detection efficiency curve and D50 point for the 1nm-CPC combination when challenged 
with mobility-classified (monodisperse) NaCl generated by the evaporation-condensation method 
using an Aerosol Electrometer as reference. 
 
Iida, K., Stolzenburg, M. R., & McMurry, P. H. (2009). AS&T, 43(1), 81–96. 
Jiang, J., Chen, M., Kuang, C., Attoui, M., & McMurry, P. H. (2011). AS&T, 45(4), 510–521. 
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DEKATI® eFILTER™, A GRAVIMETRIC FILTER HOLDER WITH AN INTEGRATED DIFFUSION 
CHARGER 

 
 
Ville Niemelä1, Mikko Moisio1, Erkki Lamminen1 (1) Dekati Ltd., Tykkitie 1, FI-36240 Kangasala, 
Finland 
 
 
There is an ongoing debate about the most suitable measurement method and metrics for 
nanoparticle concentration measurements and regulations. Traditional gravimetric measurement is the 
basis of most regulations but it is laborious and doesn’t provide any information about particle 
concentration changes. In occupational health or other indoor AQ measurements a diffusion charger 
(DC) method like TSI NSAM or EAD has several benefits over particle weighing: it is often considered 
more relevant with respect to health effects, it is more sensitive and repeatable method, it measures 
the concentration in real time and responds more to the smaller and more harmful particles. However, 
the metrics “active surface area” or “particle diameter concentration” are difficult to understand and 
accept.  
 
Dekati Ltd. has developed a new device and approach for nanoparticle measurements called the 
Dekati® eFilter™, combining the benefits from both gravimetric and DC methods. The system is a 
47mm filter holder with an integrated miniature diffusion charger and electrometer for a real-time 
concentration signal. DC part is battery operated, equipped with its own pump, data collection and 
touch-screen user interface. DC measurement start and stop are fully automated and synchronized to 
gravimetric measurement. The whole system is approximately the same size than a normal 
gravimetric PM filter holder, it measures all particles larger than approximately 5 nm and is a plug-and-
play replacement for most normal gravimetric PM filters.  
   
There are two possible approaches how the eFilter™ can be used for occupational health or other air 
quality measurements: The first is to perform normal gravimetric measurement and use the DC signal 
to monitor the concentration changes during the measurement. The other approach is to use DC for 
concentration monitoring purposes and in case of unexpected change in the DC concentration it can 
automatically start the gravimetric PM collection for further particle analysis.  
 
In this presentation we show the system principle, operation and usage. We also present the miniature 
diffusion charger design, operating principle and preliminary calibrations. Finally we present the 
measurement results from laboratory aerosols and workplace welding fumes and compare them to 
other aerosol instruments like the Dekati® ELPI®+.   
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FILTRATION SOLUTIONS TO MITIGATE PM2.5 POLLUTANTS IN URBAN AIR 
 
 
 
David Y.H. Pui1, (1) Distinguished McKnight University Professor, LM Fingerson/TSI Inc Chair in 
Mechanical Engineering, Director of the Particle Technology Laboratory, University of Minnesota, 
Minneapolis, MN 55455, USA 
 
 
PM2.5 (Particulate Matter less than 2.5 µm) was established by the U.S. Environmental Protection 
Agency in 1997 as the standard method for sampling fine particles.  The Particle Technology 
Laboratory (PTL) has developed many instruments and samplers to perform atmospheric 
measurements, which helped to establish the PM2.5 standard. The effects of PM2.5 pollutants on the 
atmospheric visibility and human health will be addressed. The two major PM2.5 sources in China have 
been identified to come from coal burning and vehicle emissions. Filtration is the principal means to 
control PM2.5 pollutants. The Center for Filtration Research (CFR) at the University of Minnesota, 
consisting of 19 leading international filtration companies, was established to find filtration solutions to 
mitigate PM2.5 and other environmental pollutants. CFR investigators perform fundamental and applied 
research on air, gas and liquid filtration.  A Gasoline Particulate Filter (GPF) for Gasoline Direct 
Injection (GDI) engines has been developed to meet LEV3 and Euro 6 standard scheduled to be 
implemented in 2017.  A disruptive innovation, namely, the Solar-Assisted Large-Scale Cleaning 
System (SALSCS), is proposed to mitigate PM2.5 pollutants in urban air.  An integrative approach, from 
collaboration among academia, government, and industries, can effectively manage and mitigate the 
PM2.5 pollutants, particularly in China. 
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PM2.5 REMOVAL BY A SOLAR-ASSISTED CLEANING SYSTEM 
 
Sheng-Chieh Chen1, Junji Cao2, Qingfeng Cao1, Yu Huang2, David Y.H. Pui1*, (1) Mechanical 
Engineering, University of Minnesota, 111 Church St. SE Minneapolis MN 55455, USA (2) SKLLQG, 
Institute of Earth Environment, Chinese Academy of Sciences, No. 97 Yanxiang Road, Xi'an 710061, 
Shaanxi, China 
 
 
A Solar-Assisted Large-Scale Cleaning System (SALSCS) was just built in Xi’an China for 
investigating its effectiveness for cleaning urban PM2.5 pollution. The system occupies an area of 40 m 
by 60 m in rectangular shape with a round tower of 60 m tall in the center as shown in the following 
picture. It is composed of three basic elements including solar collector, tower and filter bank. With the 
help of solar radiation, a temperature difference will be created between the bottom of the solar 
collector and the outlet of the tower. In this way, buoyancy-driven flow can be created through the 
system. It is expected the system can generate large quantities of air flows and facilitate the 
separation of particulate matter from polluted urban atmospheric air.  
The system is separated into four sections by walls so that each section can work individually. Three 
different filter banks provided by different companies were installed in the half-way to the central tower 
in three of sections while the last section is empty for comparison purpose. It was found the nature 
driven flow was as high as ~ 2x107 m3/day, which is expected to influence an area of 1 km x 1 km.  
Besides, a high PM2.5 removal efficiency was measured which was ~95%. Therefore, it is expected the 
high flow and high filtration efficiency is able to reduce the local urban PM2.5 pollution effectively. 
 
 

 
Solar-Assisted Air Cleaning System 
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CHEMICAL NATURE AND SOURCE OF PARTICULATE AIR POLLUTION IN CHINA 
 
Ru-Jin Huang1,2, Junji Cao1, Steven S. H. Ho1, Kin-Fai Ho1, Miriam Elser2, Carlo Bozzetti2, Francesco 
Canonaco2, Jay Slowik2, Imad El Haddad2, André S.H. Prévôt2, Urs Baltensperger2, David Y. H. Pui3, 
(1) Key Laboratory of Aerosol Chemistry and Physics, Institute of Earth Environment, Chinese 
Academy of Sciences, Xi’an, 710061, China (2) Laboratory of Atmospheric Chemistry, Paul Scherrer 
Institute, Villigen, 5232, Switzerland (3) Mechanical Engineering Department, University of Minnesota, 
Minneapolis, MN 55455, US 
 
 
Rapid industrialization and urbanization in developing countries has led to an increase in air pollution, 
along a similar trajectory to that previously experienced by the developed nations. In China, particulate 
pollution is a serious environmental problem that is influencing air quality, regional and global climates, 
and human health. A quantitative understanding of these effects has proven extremely challenging 
due to spatial and temporal variability in the sources of aerosols and their precursors, the complexity 
of particle composition, and uncertainties associated with the atmospheric aging of existing particles. 
Nowadays the average PM2.5 concentrations in China are approximately one to two orders of 
magnitude higher than those observed in urban areas in the US and European countries. This has 
forced the Chinese government to announce its first national environmental standard for PM2.5 in 
2012 and to make highly ambitious plans for emission control. The Chinese aim to reduce the PM2.5 
concentrations by up to 25% of the 2012 levels by 2017, backed by $277 billion investments from the 
central government. To achieve this ambitious aim, a better understanding of the aerosol composition, 
sources, and atmospheric processing is required. In this study, we will present the results from several 
recent field measurement campaigns carried out in Chinese megacities with online and offline 
measurement techniques. The chemical nature and sources of PM2.5 and organic aerosol (OA) will 
be disussed in time and space.  
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HEALTH IMPACT ASSESSMENT OF URBAN ULTRAFINE AND NANO PARTICLES  
 
Dimosthenis Α. Sarigiannis1,2, Spyros P. Karakitsios1, Marianthi V. Kermenidou1,2, (1) Aristotle 
University of Thessaloniki, Department of Chemical Engineering, Environmental Engineering 
Laboratory, 54124, Thessaloniki, Greece (2) Environmental Health Engineering, Institute of Advanced 
Study, Palazzo del Broletto - Piazza della Vittoria 15, Pavia 27100, Italy 
 
This study assessed the health impact of urban aerosol focusing on the aerosol number concentration 
(PNC) and the particle size distributions during the warm and cold seasons of 2016 in Thessaloniki 
(Greece). Measurements were carried out from January to February and from May to June 2016 at an 
urban background site. The sampling site was located in Stavroupoli district of western Thessaloniki, a 
densely populated area where road construction and elevated buildings do not foster pollutant 
dispersion. For this work a Grimm 11-R aerosol spectrometer was placed at a height of approximately 
6 m above ground. The optical particle counter was used to measure particle concentrations in 12 size 
classes ranging from 0.25 to 1 μm. PNC values were measured at 1 min intervals and grouped on an 
hourly basis. Meteorological conditions were recorded simultaneously. A Particle Deposition Model 
was used to estimate the deposition of particles across the human respiratory tract by taking into 
account all major mechanisms (diffusion, sedimentation, impaction, interception and electrostatic 
deposition). Different HRT regions involve different deposition mechanisms, with regard to different 
PM sizes. Seasonal variations captured local extremes including both the minimum monthly mean of 
the warm season and the maximum during the cold season when the air temperature dropped below 
zero. The presence of strong seasonal patterns in aerosol PNC is explained by the domestic use of 
biomass burning for residential heating during the winter. The recent study by Sarigiannis et al. (2014) 
indicates that the use of the wood fuel could be a major source of aerosol particles especially at the 
urban background environments. The maximum hourly concentrations were observed during the early 
mornings between 8:00 to 10:00 and in the evenings between 20:00 to 23:00. This maximum of the 
diurnal PNCs variation may be attributed to combined traffic emissions and the use of residential 
heating appliances. Exposure to ultra fine and non-engineered nanoparticles would likely be higher 
due to the elevated PNC associated with the widespread use of biomass for residential heating and 
the enhanced penetration of ultra fine and nano ambient air particles into the indoor environment, 
where people spend more between 85 and 90% of their time. Positive associations between PNCs 
and daily mortality across seasons was observed. In fact, mortality rate was found to increase with 
decreasing particle size. Stronger associations were observed between PNCs and daily mortality for 
the winter period compared to the summer. The higher number of ultra fine and nanoparticles found in 
the ambient and indoor air during the winter increases the deposition of particles deep in the human 
respiratory tract and allows for more efficient transfer of their toxic load not only locally but also in 
other organs through systemic circulation.      
 
 
 

 
Sarigiannis, D. Α., et al. (2014). "Total exposure to airborne particulate matter in cities: The effect of 
biomass combustion." Science of The Total Environment 493(0): 795-805. 
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PM POLLUTION: OXIDATIVE POTENTIAL OF PM10 IN THE ARVE VALLEY (FRANCE) – 
COMPARISON OF TWO DIFFERENT ASSAYS MEASUREMENT 

 
Aude Calas1, Gaëlle Uzu1, Ana Oliete3, Christina Dunster3, Frank J. Kelly3, Jean Martins1, and Jean-
Luc Jaffrezo2, (1) LTHE, UMR 5564, Laboratoire de Transferts en Hydrologie et de l’Environnement 
BP 53, 38041 Grenoble Cedex 9, France (2) LGGE, UMR 5183, Laboratoire de Glaciologie et 
Géophysique de l'Environnement, Saint Martin d'Hères, F-38402, France (3) MRC-PHE Center for 
Environmental and Health, King’s College London, SE1 9NH London, UK 
 
In vitro studies have shown that effects of airborne particles (aerosols) on human health can be mainly 
attributed to their inflammatory potential due to the oxidative species they carry (Kelly, 2003). 
Particulate matter (PM) induces the production of reactive oxygen species in the airways and, if these 
exceed the available antioxidant defenses oxidative stress ensues (Kelly, 2003).  
To predict aerosol toxicity, a key parameter to investigate is the oxidative potential of PM. In this 
respect several, non–invasive screening assays (in vitro) have recently been developed (Cho, 2005. 
Uzu, 2011, Kelly, 2011, Janssen, 2014).  
Arve Valley (Auvergne-Rhône Alpes, France), as other alpine valleys, frequently experiences high PM 
concentrations.  As a consequence this French area frequently exceeds limit and quality values from 
the European Union air quality directive 2008/50/EC for PM10 and PM2.5 mass concentration (Golly, 
2015). These exceedances are due, in part, to the particular topography, specific weather conditions 
and anthropogenic activities. To address this issue, a national program has been deployed to reduce 
the contributions of biomass burning to PM10 by changing wood stoves in three townships. Into this 
framework, the DECOMBIO project aim is, amongst others, to observe if there is modification of PM10 
chemistry and reduction of PM10 mass concentration following replacement of these wood stoves. 
Three sites, Chamonix, Marnaz and Passy, offer three different areas of the valley where studies were 
undertaken to establish the contribution of biomass burning over 3 years. Furthermore, an extensive 
study of the composition of PM10 was undertaken. To extend this work, we next investigated the 
oxidative potential of these PM10 samples. This was achieved by using two in vitro assays - the 
respiratory tract lining fluid (RTLF) model (Mudway, 2005) and the DTT assay (Cho, 2005). 
The RTLF exposure model involves following the depletion of three antioxidants commonly found on 
the surface of the lung - ascorbate, reduced glutathione and uric acid. The DTT assay was developed 
to simulate the in vivo generation of superoxide radicals. DTT is used as a surrogate of the biological 
reducing agents (NADH and NADPH) and is, therefore, considered as an antioxidant. 
Here, we report, a comparison of the oxidative potential measurements undertaken across one year 
sampling (one sample every three days on three sites), with the RTLF exposure model, at the king’s 
College (London, UK) and DTT assay, at the LTHE-LGGE (Grenoble, France) on a long series of PM 
environmental samples (DECOMBIO filters). Moreover, because bioaccessibility is also a key 
parameter to investigate, to predict PM toxicity (Caboche, 2010), we also propose an improvement of 
DTT assay. We settled solutions of extraction mimicking more closely the lung fluid composition, and 
thereby taking into account the bioaccessibility in the OP assays.   
Finally, these oxidative potential measurements will be compared and correlated with extensive 
chemistry data: EC, OC, ions, PM10, PAH and derivatives, HULIS, biomass tracers, hopanes, metals, 
sugars and polyols. 
Funding: LEFE-CHAT, ADEME (Decombio project 2014-2019). Labex OSUG@2020 (ANR LABX56).  
 
Kelly, F.J. (2003) Oxidative stress: its role in air pollution and adverse health effects, Occupational and environmental medicine, 
60(8), 612-616. 
Cho, A.K. (2005) Redox activity of airborne particulate matter at different sites in the Los Angeles Basin, Environmental 
Research, 99 (2005), 40-47.  
Uzu, G. (2011) In vitro assessment of the pulmonary toxicity and gastric availability of lead-rich particles from a lead recycling 
plant, Environ. Sci. Technol. 45, 7888-7895.  
Kelly, F.J (2011) The Impact of the congestion charging scheme on air quality in London, Research report 155, Health Effects 
Institute, Boston, Mass., U.S.A.  
Janssen, N.A.H. (2014) Oxidative Potential of particulate matter collected at sites with different source characteristics. Science 
of the total environment 472 (2014) 572-581.  
Golly, B (2015) Large chemical characterisation of PM10 emitted from graphite material production: application in source 
apportionment. Science of the total environment, 538, 634-643.  
Mudway, I.S (2005) Combustion of dried animal dung as biofuel results in the generation of highly redox active fine particulates, 
Particle and Fibre Toxicology, 2-6.  
Caboche, J (2011) Development of an in vitro method to estimate lung bioaccessibility of metals from atmospheric particles. J. 
Environ. Monit. , 13, 621-630 
.
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HARMONIZING THE MEASUREMENT OF ULTRAFINE PARTICLES IN ATMOSPHERIC AEROSOL 
 
Juergen Spielvogel1, Oliver Bischof1, Jacob Scheckman2, Brian Osmondson2, (1) TSI GmbH,         
Neu-koellner Str. 4, 52068 Aachen, Germany (2) TSI Inc., 500 Cardigan Road, 55126 Shoreview, MN, 
USA  
 
 
Ultrafine particles (UFP) and their impact on human health and our climate are areas of active 
research.  UFPs can be present in large numbers due to sources such as traffic, residential heating, 
and other processes, yet they contribute very little to the mass of atmospheric particles. In order to 
assess their impact and provide guidance in future air quality regulations it is necessary to supplement 
gravimetric air quality measurements such as PM2.5 or PM10 with a time resolved measurement of 
particle number concentration.  
As a first step of harmonizing the continuous measurement of UFP number concentration in the 
atmosphere, the European Committee for Standardization (CEN) drafted Technical Specification 
CEN/TS 16976 which defines a set of requirements for the Condensation Particle Counter (CPC), its 
sampling system, the measurement procedure and the reporting of measurement results.  
While CPCs have been used in ambient aerosol monitoring for many years, the results were not 
always comparable due to differences in cut-offs (D50), operating conditions, working fluids (water, 
isopropanol, butanol), and sampling system setups (particle losses).  
 

 
Figure 1: Counting efficiency of the 3772-CEN CPC for silver particles generated by 
evaporation/condensation method (courtesy of TROPOS, Leipzig) 
 
Recently, a new CPC with a dedicated sampling system, both of which are fully compliant with the 
proposed CEN/TS 16976, have been introduced (model 3772-CEN CPC, TSI Inc., Shoreview, USA).  
As required, this CPC is a full flow, butanol-based device that counts airborne ultrafine particles from 
7 nm (Fig. 1) in diameter at an aerosol flow rate of 1.0 L/min. It uses an optimized coincidence and 
dead time correction method to count particles in single count mode up to concentrations of 
50,000 particles/cm3. 
Other advancements include a pulse height analyzer that monitors wick health, supersaturation state, 
and instrument status. With this, the 3772-CEN CPC brings the same technology and accuracy to 
atmospheric monitoring that the EECPCs used in type approval testing according to Euro 5b/6 
legislations rely on.  
We will introduce the CEN/TS 16976 and show performance data of the 3772-CEN CPC and its 
dedicated sampling system, as well as field data from selected sites. 
 



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

Session 4 
URBAN PARTICLES 

P
a

g
e

 1
2

4
 

PS4-6 
 

ESTIMATING THE EMISSIONS OF ENGINEERED CERIUM OXIDE NANOPARTICLES FROM 
FUEL ADDITIVES TO URBAN ENVIRONMENTS 

 
Prado Domercq1,2, Man-wai Liang2, Antonia Praetorius3 and Alistair Boxall1,2, (1) CAPACITIE Project, 
University of York, York, YO10 5DD, UK (2) Environmental Department, University of York, 
Heslington, York, YO10 5DD, UK (3) Department of Environmental Geosciences, University of Vienna, 
Althanstr. 14, 1090 Vienna, Austria  
 
Urban environments represent a hotspot for environmental emissions of engineered nanoparticles 
(ENPs) to the environment, due increased potential for release of a multitude of ENPs associated to 
the high population density in cities. Understanding the emissions of (ENPs) becomes essential when 
investigating their potential health and environmental risks for regulatory purposes (1). However, the 
quantification of ENP emissions is particularly challenging due to significant analytical difficulties for 
their detection in complex environmental matrices (2). Furthermore, data on ENP production and 
specific use patterns are limited. In this context models represent powerful tools to estimate ENP 
emissions and environmental concentrations and provide scenario assessments. 
In this study we address the emission of urban ENPs in a case study of cerium oxide engineered 
nanoparticles (CeO2-ENPs) incorporated in fuel additives by applying a high-resolution local urban 
ENP emission and fate model. We estimate the rates of emission of CeO2 ENPs from the bus fleet of 
the city of York based on specific traffic patterns and sewage network connections acquired from 
different official sources such as Yorkshire Water or the York City Council. The urban fate model is 
parameterised with surface water characteristics obtained from an extensive and local monitoring 
campaign performed in the rivers Ouse and Foss around the city. As a result, we obtain emission 
concentrations of CeO2 ENPs in the urban surface water system of York at high spatial resolution. By 
simulating different scenarios based on the present and future trends of usage of CeO2-ENPs in fuel 
additives and by formulating possible release pathways, annual trends of emission were examined. 
 

 
Fig. 1. The maximum daily average concentration of CeO2 ENPs in the drainage network discharging 
into the Rivers Ouse and Foss per hydrological zone in the city of York (UK) for Scenario I (5 mg/L 
CeO2 ENPs in fuel and 1% of exhaust release) 
 
1. Baalousha, M., et al., Modeling nanomaterial fate and uptake in the environment: current knowledge 
and future trends. Environmental Science: Nano, 2016. 3(2): p. 323-345 
2. Caballero-Guzman, A. and B. Nowack, A critical review of engineered nanomaterial release data: 
Are current data useful for material flow modeling? Environmental Pollution, 2016. 213: p. 502



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

Session 4 
URBAN PARTICLES 

P
a

g
e

 1
2

5
 

PS4-7 
 

AEROSOL RELEASE FROM ABRASION OF NANO-TIO2 PAVEMENTS AND 
TIRES CONTAINING NANO-SIO2  

 
C., Bressot1, P. Hornych2, M.-T., Do2 O., Aguerre-Chariol1. , L., Meunier, M., Morgeneyer3 (1) Institut 
National de l'Environnement Industriel et des Risques (INERIS) Verneuil en Halatte, France (2) 
IFSTTAR Route de Bouaye, BP 4129, 44341 Bouguenais, France (3) Sorbonne Universités, 
Université de Technologie de Compiègne (UTC) Compiègne, France 
 
Nanoparticle release due to the abrasion process can have a drastic consequence on inhalation 
exposure. Indeed, emissions caused by tire wear on trafficked roads is now identified as a major 
aerosol source (Yan 2014). The nanoparticle introduction in pavements or tires respectively as nano-
TiO2 or nano-SiO2 is an obvious concern because of the inhalation risk of these nanoparticles. One 
part of the studies presented here Nano-Data project is devoted to define more precisely this risk 
according to a standardized test developed in the field. To do so, a standardized wearing test called 
Wehner and Schulz (Do 2007) giving the normalized friction coefficient of the road pavements (NF EN 
ISO 16474-1 2014) has been performed on 9 marketed pavements containing nano-TiO2. In the 
present essays, a silica dispersion is used to polish the sample surface and to observe the 
nanomaterial behavior. During polishing test the silica dispersion is enriched by pavement fragments 
in which we note a low presence of titanium in composites formed of nano-TiO2 included in a cement 
matrix. The absence of free nano-TiO2 release has to be highlighted. The dispersions sampled during 
the process and analyzed by TXRF show no significant increase in the concentration of titanium but 
low concentration of calcium increases during the polishing progress. Analyzes of filtered dispersions 
proved than no object below 0.45 µm is detected and confirm the absence of free nanoparticle 
release.  
Another test called FABAC (Figure 1) which involves the direct contact between tires and pavements 
has been used to simulate road traffic. Tires are supposed to mostly generate big objects of 5- 25 µm 
(Kreider 2010). However, Sjödin et al. mention submicronic emissions while tires are accelerating or 
decelerating (Sjödin 2010). In the present work, two types of tire have been tested: one with a 
classical formulation, the other enriched with nano-SiO2. Two kinds of pavements have been also 
used: one with nano-TiO2, the other without. The aerosols produced during the wearing of tires on 
pavements have been characterized by APS/SMPS and TEM sampling. In all the obtained results 
from FABAC tests, the main mode of the aerosol particles is lower than 30 nm. No debris from 
pavement has been distinguished on TEM grid. However submicronic or nanometric tire debris 
containing carbon, silicon and zinc have been collected and characterized. The FABAC solicitation 
consists in successive impacts which could be assimilated to acceleration or deceleration phases and 
could explain, according to the literature, releases of submicronic tire particles (Sjödin 2010; 
Mathissen 2011). 

Chaussée
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Figure 1: Description of the traffic simulator called FABAC with four wheels and a road pavement (orange). 

References: 
Do M-T, Tang Z, Kane M, de Larrard F. (2007), Wear, 263, 36-42. 
Kreider ML, Panko JM, McAtee BL, Sweet LI, Finley BL. (2010), Sci Total Environ, 408, 652-9. 
Mathissen M, Scheer V, Vogt R, Benter T. (2011), Atmospheric Environment. 
NF EN ISO 16474-1. (2014). NF EN ISO 16474-1  Titre : Peintures et vernis - Méthodes d'exposition à des sources lumineuses de laboratoire -  Partie 1 : lignes 

directrices générales. 16747-1: Paints and varnishes — Methods of exposure to laboratory light sources — Part 1: General guidance: AFNOR. 
Sjödin ÅF, M; Björk, A; Rahmberg, M; Johansson, C; Gudmundsson, A; Swietlicki, E; Gustafsson, M; Blomquist, G. (2010), Swedish environnmental Research 

A1905, Institute. 
Yan F, Winijkul E, Bond TC, Streets DG. (2014), Atmospheric Environment, 87, 189-99. 
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DYNAMIC PROPERTIES OF EXHALED E-CIGARETTE AEROSOL VS. CONVENTIONAL 
CIGARETTE SMOKE 

 
Ari Setyan1,2, Tadas Prasauskas3, Dainius Martuzevicius3, Grant O’Connell4, Xavier Cahours5, 
Stéphane Colard5, Jing Wang1,2, (1) Empa - Swiss Federal Laboratories for Materials Science and 
Technology, Laboratory for Advanced Analytical Technologies, 8600 Dübendorf, Switzerland (2) ETH 
Zürich, Institute of Environmental Engineering, 8093 Zürich, Switzerland (3) Kaunas University of 
Technology, Department of Environmental Technology, 50254 Kaunas, Lithuania (4) Fontem Ventures 
B.V., 12th floor, Barbara Strozzilaan 101, 1083 HN Amsterdam, The Netherlands (5) SEITA-Imperial 
Tobacco Group, 45404 Fleury-les-Aubrais, France 
 
Electronic cigarettes (e-cigarettes) are gaining acceptance with consumers as an alternative to 
conventional combustible cigarettes. Both regulators and public health organisations are beginning to 
examine whether particles exhaled following the use of such products have potential implications for 
bystanders in workplaces and enclosed public spaces. E-cigarettes do not contain tobacco, do not 
require combustion and do not generate side-stream smoke. There is currently limited data available 
on the properties of exhaled e-cigarette particles and how they differ from those released during the 
smoking of a conventional cigarette. To that end, we aimed to investigate the spatial and temporal 
variations of exhaled particles following the use of an e-cigarette and the smoking of a conventional 
cigarette in a chamber under controlled environmental conditions. 
An exposure chamber with a floor area of 13 m2, a volume of 35.8 m3, and controllable ventilation 
rates was used with a bystander simulated using a “dummy”. The surface of the “dummy” was heated 
in the range 31-34°C, similar to the temperature of the surface of the human body. A human volunteer 
vaped an e-cigarette or smoked a conventional cigarette according to a set puffing regime (1 puff 
every 30 seconds, during 5 minutes), at three different distances from the bystander (0.5, 1, and 2 m), 
and under three different ventilation rates (0, 1, and 2 air change per hour [ACH]). Three volunteers 
participated in the study and were experienced e-cigarette users. The concentrations, size 
distributions, and decay rates of airborne particles were measured using a fast mobility particle sizer 
(FMPS), an electrical low pressure impactor (ELPI), and a scanning mobility particle sizer (SMPS) at 
the bystander’s position. 
During the use of the e-cigarette, a very fast change in the particle concentration was observed both in 
time and space. In the worst case scenario (shortest distance between the vaper and the bystander, 
minimal room ventilation), the increase of the particle concentration was observed 5 seconds after 
each puff, reaching a concentration of 106 #/cm3. The airborne particle concentration rapidly returned 
to background levels <1000 #/cm3 after 5 seconds, irrespective of the number of puffs taken, while the 
peak particle size shrank from 100-150 nm to 20-30 nm during this period. This is in stark contrast to 
the conventional cigarette. The duration of the particle concentration increase following a single puff 
was similar to that of the e-cigarette. However, the particle concentration at the bystander’s position 
increased up to 50000 #/cm3 with successive puffs, i.e. ~ 50 times higher than with the e-cigarette. 
The particle concentration returned to background levels after 30-45 minutes and was dependent 
upon the exposure chamber ventilation rate. Regarding size, particles released during one puff on the 
conventional cigarette were in the range 200-300 nm, and shrank to 80-100 nm within a few seconds. 
Interestingly, this particle size was unchanged until their removal after 30-45 minutes. 
The rapid removal and the decrease of the size of e-cigarette particles from the bystander’s position 
suggest that exhaled e-cigarette particles are mainly liquid droplets which evaporate very rapidly. This 
is in contrast to the tobacco combustion particles, that are released when smoking a conventional 
cigarette and that remain suspended with a stable size in the ambient air for some time. This study 
shows clear and substantial differences between exhaled e-cigarette liquid droplets and conventional 
cigarette smoke particles. 
 
This work was supported by Fontem Ventures B.V., a fully owned subsidiary of Imperial Brands plc, 
and performed in Lithuania in accordance with the Code of Academic Ethics of the Kaunas University 
of Technology. 
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REFINING DOSIMETRIC EXTRAPOLATION MODELING OF INHALED NANOPARTICLES FOR 
DERIVING A HUMAN EQUIVALENT CONCENTRATION 

 
Günter Oberdörster1, Uschi Graham2, (1) University of Rochester, Dept. of Environmental Medicine, 
601  Elmwood Avenue, Rochester, NY USA (2) University of Kentucky, Center for Applied Energy 
Research, Lexington, KY, USA 
 
Analyzing exposure-dose-response relationships of inhaled nanoparticles (NPs) for purposes of risk 
assessment requires detailed information about physico-chemical properties, airborne behavior of the 
particles, species-specific respiratory tract geometry, and breathing parameters in addition to particle-
specific properties of obvious biological importance, such as reactivity, dissolution, biopersistence.  
Dosimetric extrapolation of results from well-designed nanoparticle inhalation studies in experimental 
animals seems to be well-established for deriving limit values for occupational or environmental 
exposures.  This includes sophisticated dosimetry models that have been developed for providing 
predictions of deposited and retained doses of aerosolized particles for all regions of the respiratory 
tracts of experimental animals and humans.  An exposure concentration which causes no adverse 
effects in a multi-dose repeat rodent inhalation study with NPs has been used to derive a human 
equivalent concentration (HEC) as a basis for a “safe” exposure level for humans.   However, recent 
refinements of dosimetry models  (scaling of respiratory parameters, effective inhaled in vivo particle 
density, in vivo dissolution) influencing NP biokinetics and biotransformation and avoiding 
misconceptions about realistic exposure scenarios (dose-rate, short to chronic exposure extrapolation) 
strengthen the reliability of extrapolation results.  The importance of appropriate dosemetrics and the 
impact of significant in vivo dissolution for deriving an HEC have to be considered.  In addition, novel 
mechanisms of NP biotransformation at subcellular levels revealed by ultra-high resolution spectral 
imaging confirming in vivo dissolution and subsequent formation of second-generation NPs in 
contiguous reaction zones will be discussed.  Results indicate the importance of biopersistence 
coupled to modifications of NP’s reactive surface area for deriving the HEC.  Quantifying NP 
dissolution utilizing dynamic acellular in vitro dissolution systems appears to be useful to evaluate the 
biopersistence of NPs to be combined with in vivo results with appropriate caveats.  A case study with 
inhaled silica nanoparticles in rats will demonstrate these concepts. 
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GRAPHISTRENGTH© C100 MULTIWALLED CARBON NANOTUBES (MWCNT): THIRTEEN-
WEEK INHALATION TOXICITY STUDY IN RATS WITH 13- AND 52-WEEK RECOVERY PERIODS 

COMBINED WITH COMET AND MICRONUCLEUS ASSAYS   
 
Jean-François Régnier1, Daniela Pothmann2, Sophie Simar3, Eva Dony4, Jean-Loïc Le Net5 and Julien 
Beausoleil6, (1) Arkema France, Département Toxicologie et Environnement, 420 rue d’Estienne 
d’Orves, 92705 Colombes, France (2) Harlan Laboratories Ltd, Zelgliweg 1, 4452 Itingen, Switzerland 
(3) Institut Pasteur de Lille, 1 rue du Pr. Calmette, 59019 Lille, Cedex, France (4) Harlan Cytotest Cell 
Research GmbH, In den Leppsteinwiesen 19, 64380 Rossdorf, Germany (5) Le Net Pathology 
Consulting, 18 rue Henry Dunant, 37400 Amboise, France (6) Arkema France, Groupement de 
Recherches de Lacq (GRL), 64170 Lacq, France 
 
Graphistrength© C100 provides superior electrical and mechanical properties for various applications. 
Graphistrength© C100 is formed of MWCNT (ca. 12 walls, outer mean diameter ca. 12 nm, length ca. 
1 µm) agglomerated in particles with a granulometry centered on 400 µm. A general feature of 
MWCNT after inhalation or intratracheal exposures is the induction of an inflammatory reaction in the 
lungs sometimes associated with local genotoxic effects. Most of the in vitro and in vivo genotoxicity 
data available on Graphistrength© C100 are negative. However, a weak DNA damage activity in the in 
vitro and in vivo FPG-modified Comet assays and a weak clastogenic effect in the in vitro 
micronucleus test were reported. After investigating different parameters for the aerosol generation, 
male and female Wistar rats were exposed by nose-only inhalation (6h/day, 5d/week) to target 
concentrations of 0.05, 0.25 and 5.0 mg/m3 air of a respirable aerosol (MMAD < 3 µm) and sacrificed 
immediately after 4 and 13 weeks of exposure and 13 and 52 weeks of recovery after the 13-week 
exposure. Clinical, biological and histological evaluations were performed according to the OECD TG 
413. Broncho-alveolar lavage fluid (BALF) was collected and analysed for cytokines and inflammatory 
parameters. Immediately after 13 weeks of exposure, chromosomal aberrations in the bone marrow 
cells of males and females were evaluated by the micronucleus test (OECD TG 474) and DNA 
damage in the lung, kidney and liver cells of males were assessed by both the standard and the 
human 8-oxoguanine DNA N-glycosylase 1 (hOGG1)-modified comet assay (OECD TG 489). 
 
Concentration-related deposition of black particles (MWCNT) was observed in lungs. At all sacrifice 
periods, an inflammatory lung reaction was observed in rats exposed to 5.0 mg/m3 associated with 
changes in the differential white blood cells counts. The lung inflammation was characterized by 
changes in the cytological, biochemical and cytokine parameters of the BALF, an increase of the lung 
weight, an interstitial inflammation mainly around the alveolar ducts at the bronchiole-alveolar junction 
and a cell hypertrophy/hyperplasia in the terminal and respiratory bronchioles. The slight changes in 
BALF parameters observed at 0.25 mg/m3 recovered after the 13-week treatment-free period and 
were not associated with any of the histological changes observed in lungs at 5.0 mg/m3. Signs of lung 
clearance of the MWCNT were observed at 0.05 and 0.25 mg/m3. After a one year treatment-free 
period, the inflammatory lung reaction was slight and of similar intensity that at the earlier sacrifice 
periods. Additional findings were minimal/slight bronchiolar/alveolar cell hypertrophy/hyperplasia and 
focally extensive alveolar septal fibrosis. No other pathological change was observed, nor was there 
any brain translocation via the olfactory bulb. The microscopic observations of the pleura were 
unremarkable. Neither increase in the number of micronucleated polychromatic erythrocytes nor 
increase in percent DNA damage were observed at any concentration. In conclusion, a lung 
inflammation characteristic of an overload with insoluble particles was observed after a 13-week 
inhalation exposure to 5.0 mg/m3 of Graphistrength© C100. A No-Observed Adverse Effect 
Concentration (NOAEC) of 0.25 mg/m3 was established for the repeated-dose toxicity and 
Graphistrength© C100 appears of low concern in term of local and systemic genotoxicity. 
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PULMONARY TOXICITY AND GENOTOXICITY OF CARBON NANOTUBES IN RATS, A 
SUBACUTE INHALATION STUDY 

 
 
Laurent Gaté1, Sylvie Sébillaud1, Mylène Lorcin1, Laetitia Chézeau1, Christian Darne1, Sébastien Bau1, 
Stéphane Grossmann1, Stéphane Viton1, Hervé Nunge1, Stéphane Binet1, Sylvie Michaux1, Laurine 
Douteau1, Frédéric Cosnier1, (1) Institut National de Recherche et de Sécurité, Department de 
Toxicologie and Biometrologie, Rue du Morvan, CS60027, 54519 Vandoeuvre Cedex, France 
 
Due to their physical and chemical properties, carbon nanotubes (CNTs) are among the most 
promising nanomaterials in terms of industrial use. In order to assess their toxicological properties, 
inhalation experiments performed in laboratory rodents remain the most suitable and reliable 
approach.  We have performed sub-acute inhalation experiments in female Sprague Dawley with two 
CNTs: the “long and thick” NM-401 and the “short and thin”NM-403. Animals were exposed in nose-
only chambers to these aerosols 6 hours/day, 5 days/week for 4 weeks. CNT aerosols were generated 
at a concentration of 0.5 and 1.5 mg/m3 using an acoustic generator. Aerosols were fully characterized 
in terms of mass- and number-concentration; number- and mass-size distribution as well as 
morphology.  
Tissues were collected 3, 30, 90 and 180 days after the end of the exposure period. Only at the 
highest dose, NM-401 induced a pulmonary inflammatory response 3 days after the end of exposure; 
this was demonstrated by an important neutrophilia in the broncho-alveolar lavage fluid (BALF) which 
however decreased overtime. On the other hand, NM-403 at both concentrations induced a lung 
inflammation which also decreased overtime. Despite the presence of CNTs within the lung, no 
significant histopathological changes were found in the lungs from the exposed animals. The 
genotoxicity of these nanomaterials was also assessed using the multiple-organ comet assay. Despite 
the presence of inflammation, no significant increase in DNA damage in lung or BALF cells as well as 
in liver, spleen or leukocytes was found. The assessment of cytokines expression also showed some 
differences between the two CNTs, suggesting that such nanomaterials with different length and 
diameter may have distinct toxicological profiles.    
 
 

 
 
 
Representative micrographs of BALF macrophages from NM-401 and NM-403 exposed animals.  
 
 
This work is supported by the European Commission through the 7th Framework Project (Project 
NanoReg, Grant agreement n° 310584).  
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IN VIVO EVALUATION OF POTENTIAL NEUROTOXICITY OF INCORPORATED 
NANOMATERIALS IN MICE EXPOSED CHRONICALLY THROUGH AEROSOL ROUTE 

 
Stéphane Manixay1, Stéphane Delaby2, Emilie Antier1, François Gaie-Levrel3, Latifa Lakhdar1, 
Dominique Le Guellec4, Naïma El Kholti4, Marlène Wiart5, Anna Bencsik1, (1) ANSES Lyon Unité MND 
et PFEA - 31 avenue Tony Garnier, 69364, France (2) CSTB Saint-Martin-d’Heres - 24 rue Joseph 
Fourier, 38400, France (3) LNE Paris - 1 Rue Gaston Boissier, 75015, France (4) Institut de Biologie 
et Chimie des Protéines, LBTI, UMR 5305, CNRS/University of Lyon 1, Lyon, France (5) CarMeN Lab 
Inserm U1060, Lyon, 165, Chemin du Grand Revoyet, 69921, France 
 
 
Engineered Nanomaterials (ENM) provide technical and specific benefits with their physical-chemical 
properties at the nanometer scale. As an example, many ENM are used to improve products in the 
building industry. Nanoscaled Titanium dioxide (TiO2) is one of the most used ENM in this industry. 
Incorporated in different matrix cement, glass… or paints TiO2 nanoparticles (NPs) bring anti-UV, air 
purification and self-cleaning effects in the final products thanks to their photocatalytic activity. Beside, 
ageing processes of these products such as the good example of paints, like during a mechanical 
stress (sanding), have been shown to release TiO2 NPs from this matrix associated with sanding dust. 
Thus, workers who sand painted walls may be exposed to TiO2 NPs through inhalation. If several 
studies showed already evidences of TiO2 toxicity for lungs, liver, in vitro and in vivo, potential impact 
on cerebral functions remains poorly documented despite a possible translocation of TiO2 NPs from 
nose to brain. Indeed, olfactory nerves may transport NPs to the olfactory bulb where local toxicity 
could be induced. Thus in order to investigate such brain functions impact of sanding dusts containing 
TiO2 NPs, a dedicated experimental set-up was developed using a rodent model exposed via 
inhalation.   
In this set-up, an aerosol device was used to allow secured and entirely controlled production of paint 
dust with TiO2 NPs and was coupled to a cage containing group of mice free to move and chronically 
exposed (2 hours per day during 5 days up to 8 weeks).  
In this context, earliest results will be presented concerning inhalation exposure of a first group of thirty 
C57Bl6 mice, beside a first control group exposed in the same chamber but without any dust. In order 
to follow a time-dependent effect, group of 5 mice were studied after 1, 2, 3, 4 and 8 weeks of 
exposure. During this study several parameters were collected such as weight, general appearance, 
evolution of locomotor performances using rotarod tests and in vivo brain imaging by Magnetic 
Resonance Imaging at 0, 2, 4 and 8 weeks of exposure. At each time point, post-mortem 
histopathological analyses of the brain were performed, astrocytes (GFAP, S100b) and microglial cells 
(Iba1) were investigated by immunohistochemistry and ELISA tests were used to measure blood 
cytokines (IL-1, IL-6 and TNF-α). Transmission Electron Microscopy was also used to visualize 
potential uptake of TiO2 NPs in lungs and olfactory bulb. 
This study was supported by the French Agency for Food, Environmental and Occupational Health & 
Safety (ANSES) under grant n° EST-2014/1/178 
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PREDICTING TOXIC EFFECTS OBSERVED IN VIVO AFTER ACUTE EXPOSURE TO POORLY 
SOLUBLE AND INHALABLE NANOMATERIALS BY USING MORE COMPLEX IN VITRO MODELS  

 
Thomas Loret1,3, Emmanuel Peyret1, Marielle Dubreuil1, Olivier Aguerre-Chariol2, Christophe Bressot2, 
Olivier le Bihan2, Françoise Rogerieux1, Bénédicte Trouiller1, Anne Braun1, Christophe Egles3,4 and 
Ghislaine Lacroix1, (1) INERIS, DRC/VIVA/TOXI, France (2) INERIS, DRC/CARA/NOVA, France (3) 
UTC, UMR 7338 (BMBI), France (4) Tufts University, department of Biomedical Engineering, 
Massachusetts, USA 
 
Animal models are powerful tools to predict potential adverse effects in human after inhalation of 
Nanomaterials (NM), because of similar levels of complexity. Nevertheless, considering the number of 
poorly soluble NM used and their physicochemical diversity, it seems difficult to rely only on animal 
experimentation. In vitro studies represent alternatives to assess acute toxicity after inhalation. In vitro, 
cells in monoculture are usually exposed to suspensions of NM, to study mechanisms of toxicity or 
because they are cheaper and easier to implement than in vivo studies. However, using too simple 
experimental conditions does not allow mimicking accurately the complexity of interactions occurring 
between particles and lungs in the human body. Moreover, in submerged conditions, particles may 
interact with some components of the culture medium, resulting in the formation of a specific corona, 
which may modify cell-particle interactions. In this context, the general aim of our work was to assess 
if using more complex in vitro method, by exposing alveolar cells in monoculture or co-culture at the 
Air Liquid Interface (ALI) to aerosols of poorly soluble NM, better simulates adverse effects observed 
in vivo. 
Animal and cell models were exposed to TiO2 (NM105: 21 nm, NM101: 6 nm, NM100: 100 nm) and 
CeO2 (NM212: 28 nm) NM. In vitro, alveolar epithelial cells in monoculture (A549) or in co-culture with 
alveolar macrophages (A549 + THP-1) were exposed either at the ALI to aerosols, or in submerged 
condition to suspensions. The real mass deposited on cells in vitro was either assessed by direct 
dosage (ALI exposures) or estimated using the in vitro sedimentation diffusion and dosimetry (ISDD) 
model, after measuring the hydrodynamic diameter and the effective density of agglomerates. In vivo, 
rats were exposed by intratracheal instillation. Deposition on cells in vivo was assessed by dividing the 
lung charge by the alveolar surface. Biological activity (viability, oxidative stress and inflammation) was 
assessed at 24h, in vitro on cells and in vivo on bronchoalveolar lavage fluids. Doses were expressed 
in mass/surface to allow in vitro /in vivo comparisons. 
According to our results, pro-inflammatory effects were the most relevant biological markers, to 
compare in vitro and in vivo results after 24h exposure. In vitro, co-cultures appeared more sensitive 
than mono-cultures. We observed significant effects for all NM and at lower doses when cells were 
exposed at the ALI to aerosols compared to suspensions. Moreover in vitro, NM101 and NM105 
appeared more toxic than NM100 and NM212. In vivo, we observed significant adverse effects for 
TiO2 NM101 and NM105 and CeO2 NM212, but not with TiO2 NM100. These effects were observed at 
lower doses than in vitro. In vivo results are in agreement with literature observation where toxic 
effects observed are dependent on NM size. Both in vivo and in vitro, TiO2 nanomaterials were ranked 
similarly in function of toxic effects observed and whatever the exposure method used. However, 
CeO2 was ranked differently in vivo compared to in vitro. In conclusion, we showed that in vitro 
methods could be used for the relative ranking of TiO2 NM, and we propose the hypothesis that in vitro 
methods could be used also for the ranking of poorly soluble NM of similar chemical form. We also 
showed that ALI method seems to better simulate in vivo adverse effects regarding biological 
activation levels.  
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GROUPING FOR READ-ACROSS OF MANUFACTURED NANOMATERIALS: TIO2 AS A CASE 
STUDY 

 
Lara Lamon1, David Asturiol1, Elisabeth Joossens1, Karin Aschberger1, Andrea-N Richarz1, Rabea 
Graepel1, Andrew Worth1, (1) Joint Research Centre, Directorate F – Health, Consumer and 
Reference Materials. Via E. Fermi 2749, 21027 Ispra, Italy 
 
The use of in vitro and in silico approaches is promoted by the Registration, Evaluation, Authorisation 
and Restriction of Chemicals regulation (REACH, EC No 1907/2006), that is also including the safety 
of manufactured nanomaterials (MNs), while encouraging the reduction of in vivo tests. Annex XI of 
the regulation provides for the application of grouping and read-across when testing is not considered 
scientifically necessary and categories can be adequately defined and justified in terms of similarity. 
The need to apply grouping approaches to MNs testing has been highlighted by several guidance 
documents from regulatory bodies (e.g. in the best practice from ECHA "Human health and 
environmental exposure assessment and risk characterisation of nanomaterials Best practice for 
REACH registrants"). However, a comprehensive reference guidance framework for MN read-across 
is not available yet. 
Our contribution consists in applying the read-across workflow to a MN case study to consider how 
and if grouping for read-across is applicable to specific examples of MNs. The read-across framework 
consists in defining a grouping hypothesis applicable to the nanoforms of interest, compiling a data 
matrix with the necessary information (taking into account all relevant information from 
physicochemical properties to toxicological endpoints), perform a preliminary assessment of the group 
and fill the data gap.  
Two case studies were selected according to relevant production volumes and data availability: nano-
TiO2 and CNTs. Here we present the nano-TiO2 case study. For the compilation of our database we 
relied on the dossiers released by the OECD Working Party on Manufactured Nanomaterials and we 
refined the data collection with information coming from literature, European funded FP7 projects and 
other reports such as the ones released by the Scientific Committee on Consumer Safety (SCCS), and 
national studies. Our database consists of six nano-TiO2 (P25, Tiona AT-1, UV TITAN M262, UV 
TITAN M212, Hombikat UV 100, and PC105) and contains data on REACH-relevant toxicity endpoints 
and physicochemical properties with ancillary information that we considered relevant for data 
analysis. From our compiled database, genotoxicity was identified as an endpoint to read-across for 
this case study.  
Physicochemical properties were analysed through different methods in order to determine the most 
relevant measures that could be used for grouping MNs. Hierarchical clustering and principal 
component analysis (PCA) were used to determine the different groups of MNs. The 
groups/analogues determined by the physicochemical properties of the MNs were analysed for their 
relevance for genotoxicity read-across. An uncertainty analysis of the different steps of the read-
across reasoning and prediction was also carried out to come to an overall conclusion on the 
applicability or the read-across workflow.  
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BIO-NANO INTERFACE MODELS APPLIED TO THE INVESTIGATION OF NANOPARTICLES 
CELL UPTAKE: PROOF OF CONCEPT USING REAL MEMBRANE MODELS 

 
J.Cancino-Bernardi1, P.M.P.Lins1, V.S. Marangoni1, V. Zucolotto1 (1) Nanomedicine and 
Nanotoxicology Group, Physics Institute of São Carlos, University of São Paulo. 400, Trabalhador 
Saocarlense avenue 13560-970, São Carlos – São Paulo – Brazil 
 
Nanoparticle-based materials have proven to be excellent platforms for biomedical applications. 
However, the understandings on the interactions occurring at the nano-bio interfaces are still a 
challenge. The literature suggests the existence of some characteristics that can facilitated it, for 
example the physic-chemical properties of the nanoparticle. Another important component is the solid-
liquid interface which corresponds the nanoparticle-biomolecules interface, which exist some specific 
and non-specific forces between the membrane components and the nanoparticle surface. Some 
important phenomena should be taken into account as hydratation layer from water molecules, ionic 
adsorption, electric double-layer and the corona formation. In a tentative to overcome these 
challenges, we report here an in situ study on the interactions occurring between synthetic and natural 
cell membranes - from health and cancer cells - and gold nanoparticles and nanorods. The synthetic 
investigation using three types of negatively charged NRs with different sizes were used, as well as 
positively charged gold nanoparticles. Our results showed that the diameter of the NRs and the net 
charge of the synthetic lipid membrane influenced the interaction with the monolayer, demonstrating 
that the physical morphology and electrostatic force governed the system DPPG-NR and the van der 
Waals interactions ruled the DPPC-NR. Size influenced in the translocation of isotherms with a linear 
dependence in both systems. In-plane elasticity indicated that DPPG monolayers changed from liquid 
to a liquid-expanded state when there were nanorods in subphase, and the opposite was observed to 
DPPC monolayers. For the natural monolayers experiments, the membranes were isolated from the 
original cells and reconstructed as Langmuir monolayers at the air/water interface. The difference in 
the lipidic composition of the extract membranes was investigated by thin-layer chromatography with 
flame ionization detection which shown significant differences between both. The influence of the 
morphology and surface charge of gold nanorods and nanospheres on the structure, surface pressure, 
molecular area, compressibility, and phase-transition of the membranes were evaluated. Our results 
revealed that the uptake of nanoparticles through cell membrane is affected by the lipidic composition 
of each cell line. Moreover, we show that the surface charge of nanoparticles plays a significant role in 
their ability to interact with cell membranes (results corroborated with in vivo and in vitro assays). Our 
study pointed to the importance of combining complementary techniques and models to better 
understand the nanotoxicity of nanomaterials. 
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DISSOLUTION OF SILVER NANOPARTICLES AND FATE OF THE RELEASED SILVER IONS IN 
HEPATOCYTES REVEALED BY A SYNCHROTRON NANOPROBE 

 
Giulia Veronesi1,2, Aurélien Deniaud1, Thomas Gallon1,3,  Pierre-Henri Jouneau4, Julie Villanova2, 
Pascale Delangle3, Marie Carrière3, Isabelle Kieffer5,6, Peggy Charbonnier1, Elisabeth Mintz1, Isabelle 
Michaud-Soret1, (1) a) CNRS, LCBM UMR 5249 CNRS-CEA-UGA F-38054 Grenoble, France. b) 
CEA, LCBM, F-38054 Grenoble, France. c) Université Grenoble Alpes, LCBM, F-38054 Grenoble, 
France (2) ESRF, The European Synchrotron. 71, Avenue des Martyrs, 38043 Grenoble, France (3) a) 
Université Grenoble Alpes, INAC-LCIB, F-38054 Grenoble. b) CEA, INAC-SyMMES, F-38054 
Grenoble (4) a) INAC-MEM, Université Grenoble Alpes, Grenoble, France. b) CEA, INAC-MEM, 
Grenoble, France (5) BM30B/FAME beamline, ESRF, F-38043 Grenoble cedex 9, France (6) 
Observatoire des Sciences de l’Univers de Grenoble, UMS 832 CNRS Université Joseph Fourier,      
F-38041 Grenoble, France 
 
Silver nanoparticles (AgNPs) are extensively used in healthcare products and food packaging for their 
antibacterial properties. Humans are therefore exposed, and the toxicity of AgNPs to eukaryotic 
systems is today a matter of concern. AgNPs can enter eukaryotic cells and exert toxic effects, most 
probably as a consequence of Ag+ release from their surface in cellulo. However, due to the elusive 
nature of Ag+ ionic species, quantitative information concerning AgNP intracellular dissolution is 
missing and the cellular mechanisms triggered by Ag+ poisoning are still debated. By using a newly 
built synchrotron nanoprobe with 70x70 nm2 spatial resolution and attogram elemental sensitivity, we 
visualized and quantified Ag species in human hepatocytes (HepG2) exposed to AgNPs (Fig.1). The 
synergistic use of electron microscopy allowed for the discrimination between nanoparticular and ionic 
form of silver within a single cell. AgNPs were located in endocytosis vesicles, while Ag+ ions diffused 
in the cell.  
We previously defined an experimental and analytical protocol based on X-ray Absorption 
Spectroscopy (XAS) that allows for the measurement of NPs dissolution rates in cellulo [1]. Applied to 
the present study, it highlighted the faster dissolution of citrate-coated AgNPs with respect to the less 
toxic PVP-coated AgNPs in hepatocytes. X-Ray Fluorescence (XRF) elemental imaging confirmed 
these results at the single-cell level (Fig.1).  
Ag+ is an unphysiological ion that, as the physiological Cu+, shows high binding affinity for thiolate (R-
S-) groups; it has therefore been proposed that Ag+ induces the impairment of Cu+ homeostasis. XAS 
showed that Ag+ ions released from AgNPs recombine with thiol-bearing biomolecules in hepatocytes, 
and allowed us to measure the Ag-S distances in cellulo. This information, corroborated by an 
exhaustive characterization of Ag+ binding in biological Cu+-thiolate sites [2] and by the quantitative 
evaluation of gene expression, led us to propose the involvement of glutathione and metallothioneins 
in Ag+ binding.  
The combined use of cutting-edge imaging techniques, atomic spectroscopy, and molecular biology 
brought insight into the fate of AgNPs in hepatocytes, and more generally into the physicochemical 
transformations of metallic nanoparticles in biological environments. 
 

 
[1] G. Veronesi et al, Nanoscale 2015, 7, 7323-7330. 
[2] G. Veronesi et al, Inorg. Chem. 2015, 54, 11688–11696. 

Figure 1. Silver distribution (left) in a 
HepG2 cell exposed to silver 
nanoparticles, obtained through 
nano-beam X-Ray Fluorescence 
elemental mapping. Right: proposed 
fate of nanoparticles and Ag+ ions 
based on the experimental 
evidences provided by a panel of 
imaging, spectroscopy, and 
molecular biology techniques. 
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EFFECTS OF BRAKE WEAR NANOPARTICLES ON RESPIRATORY CELLS 
 
Chloé PUISNEY1,2, Evdokia OIKONOMOU2, Sophie NOWAK3, Alexandre CHEVILLOT3, Jean-
François BERRET2, Armelle BAEZA-SQUIBAN1 (1) Unité BFA, Laboratoire RMCX, CNRS UMR 8251, 
Paris Diderot University, 5 Rue Thomas Mann, 75013 Paris, France (2) MSC, CNRS UMR 7057, Paris 
Diderot University, 5 Rue Thomas Mann, 75013 Paris, France (3) ITODYS, UMR CNRS 7086, Paris 
Diderot University, 5 Rue Thomas Mann, 75013 Paris, France 
 
Epidemiologic studies have shown that ambient particulate matter exposure (PM) is associated to an 
increase of health effects such as pulmonary and cardiovascular mortality. PM concentration is highly 
dependent on traffic that is one of the most important source of ambient anthropogenic PM in urban 
areas. Toxicity and health outcomes induced by vehicle exhaust such as Diesel are well documented, 
whereas those induced by brake wear particles exposure have been rarely studied. However, brake 
wear dust has been shown to represent the most important source of non-exhaust traffic related 
particles (55%). It is a heterogeneous mixture including a nanosized fraction and a majority of metallic 
compounds.  
Our purpose was to assess the potential toxic effects of brake wear nanoparticles on bronchial 
epithelial cells in comparison with iron oxide engineered nanoparticles as iron is known to be present 
in brake wear PM. The respiratory tract being the most frequent route of exposure to PM, 
nanoparticles were studied on a human bronchial epithelial barrier. Calu-3 cells were used because 
they provide a tight polarized epithelium producing mucus when grown on Transwellâ. 
Brake wear dusts were recovered from brake testbench or entire vehicles. A full characterization of 
brake wear dust was done by thermogravimetric analysis and X-fluorescence showing their low 
carbonaceous and high metal content, and by microscopy revealing a large size distribution. 
Fractionation was performed to recover the nanosize fraction (around 200 nm). Calu-3 cells were 
exposed to nanoparticles (Brake wear and Fe2O3) for 24 hours and different parameters were studied 
as shown in the figure below. To check epithelial integrity, Lucifer Yellow (LY) permeability and 
transepithelial electric resistance (TEER) measurements were performed. Release of different 
cytokines was measured by ELISA whereas repair and protection functions were studied by 
immunofluorescent staining of the tight junction associated protein ZO-1, cytoskeleton proteins (actin, 
tubulin) and mucins. Brake wear and Fe2O3 nanoparticles induced a slight decrease of TEER whereas 
the LY permeability was not modulated nor ZO-1 immunostaining suggesting limited effect on 
epithelial barrier integrity. Treated cultures exhibited a higher expression of mucins as well as a 
rearrangement of the actin cytoskeleton. Altogether these data revealed an adaptive response of the 
bronchial epithelial barrier to metal nanoparticles exposure. The ability of the nanoparticles to cross 
the epithelia barrier is under investigation in association with the use of the In vitro Sedimentation 
Dosimetry and Dosimetry (ISDD) model to determine the biological effective dose.  
This study is funded by “DIM Nano-K – Région Ile-de-France”. 
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DEVELOPMENT OF AN IN VITRO SYSTEM TO ASSESS THE INHALATION TOXICITY OF 
NANOMATERIALS 

 
Jodie Melbourne1, Monita Sharma1, Barbara Rothen-Rutishauser2, Hana Barosova2, Savvina 
Chortarea2, Fikad Zerimariam2, Martin Clift2, Vicki Stone3, Patrick Hayden4, Anna Maione4, Amy J. 
Clippinger1 (1) PETA International Science Consortium Ltd., Society Building, 8 All Saints Street, 
London N1 9RL, UK (2) Adolphe Merkle Institute, University of Fribourg, Chemin des Verdiers 4, 1700 
Fribourg, CH (3) Heriot-Watt University, Edinburgh, EH14 4AS, UK (4) MatTek Corporation, 200 
Homer Ave, Ashland, MA 01721, USA 
 
With commercial applications ranging from electronics to sporting equipment, multi-walled carbon 
nanotubes (MWCNTs) are now estimated to be manufactured on the scale of thousands of tons per 
annum. The ability of MWCNTs to become airborne during their production, use, or disposal, makes 
inhalation the primary route of human exposure, which may result in adverse effects in the lungs. The 
current regulatory requirement for substances such as MWCNTs, where inhalation toxicity is of 
concern, is a 90-day rodent inhalation test in many jurisdictions. However, the significant monetary, 
ethical, and scientific concerns associated with in vivo testing led the development of an in vitro 
system, using lung cell lines exposed to MWCNTs at the air-liquid interface (ALI), and considering 
human-relevant dosimetry and nanomaterial (NM) lifecycle transformations. MWCNTs (Mitsui-7 
dispersed in water with 1% bovine serum albumin) nebulized using the VITROCELL® Cloud system, 
were extensively characterized using qualitative (electron microscopy) and quantitative (quartz 
microbalance) methods to determine the dose and form of NM deposited on the cell layer. In silico 
modeling, using In vitro Sedimentation, Diffusion and Dosimetry (ISDD) and Multiple-Path Particle 
Dosimetry (MPPD) models, was applied to generate dose profiles for the deposited NMs. Mono- and 
co-cultures of human cell lines, including alveolar epithelial cells (A549), fibroblasts (MRC-5), and 
macrophages (THP-1) were exposed in suspension to MWCNTs at 3 concentrations (5, 10, and 20 
µg/ml) to assess the pro-fibrotic response, as pulmonary fibrosis was identified as a key adverse 
outcome. No cytotoxicity or increase in pro-inflammatory cytokines was observed 24 or 96 hours 
following exposure to mono-cultures of various cells lines. However, a notable increase in 
transforming growth factor-beta (TGF-β) was observed in fibroblasts exposed to Mitsui-7 at all tested 
concentrations at 96 hours post-exposure. This work is complemented with studies using co-culture 
models and a reconstructed primary human alveolar tissue model (EpiAlveolarTM, MatTek Corp.) 
exposed to MWCNTs at the ALI. Future work will entail the development of an animal-free testing 
strategy, using human-relevant in vitro and in silico methods to predict pulmonary toxicity and to 
enable effective risk assessment of substances including MWCNTs. 
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EXPOSURE TO MANUFACTURED NANOPARTICLES DURING GESTATION: IMPACT ON THE 
RESPIRATORY TRACT OF THE OFFSPRING IN A MOUSE MODEL 

 
Emmanuel PAUL1, Marie-Laure FRANCO-MONTOYA1, Jérôme ROSE2, Jorge BOCZKOWSKI1, 
Sophie LANONE1, Christophe DELACOURT1, Jean-Claude PAIRON1, (1) Inserm U955 équipe 4, 
Créteil, France, (2) Cerege UMR 7330 CNRS, Aix en Provence, France 

 
 
Due to several commercial applications of nanoparticles (NPs), such as silver (Ag), titanium dioxide 
(TiO2) and cerium dioxide (CeO2), knowledge of the toxicity of those NPs is of great importance. It has 
been shown that exposure to NPs may lead to an inflammatory response, pulmonary fibrosis. 
However less is known on the effect of exposure to NPs on the offspring, a recent study reported that 
pulmonary exposure of newborn mice to TiO2 NPs was associated with pulmonary inflammation and 
impaired lung development. 
 
Therefore the aim of this study is to assess the impact of exposure by the respiratory route to various 
NPs during pregnancy on lung development of the offspring, and to determine the key parameters 
involved in lung alterations. 
 
We used three NPs: TiO2, Ag, and CeO2, to assess the impact of NPs physico-chemical properties on 
the potential effects on lung development. Pregnant mice were exposed weekly to 100 µg NPs or 
saline by nonsurgical intratracheal instillation. Analysis of the lungs of the offspring was performed at 
different times of lung development: on gestational day (GD) 17.5 (fetal stage), on post delivery day 
(PD) 14.5 (pulmonary alveolization) and on PD 49.5 (lung maturity).  
 
Results showed that after pulmonary exposure during pregnancy, all nanoparticles induced a long-
lasting impairment of lung development of the offspring. This was accompanied by a decreased 
placental efficiency which was associated with the presence of nanoparticles in placenta and a 
decreased pulmonary expression of VEGF-alpha and MMP-9 at the fetal stage, and FGF-18 at the 
alveolization stage. 
 
Exposure of pregnant mice to NPs during pregnancy was associated with adverse effects in the 
offspring. Persistent lung alterations were observed after birth and in adult animals. Specific analysis 
of metallic element suggested that NPs can cross the alveolar capillary barrier. Additional analyzes will 
be performed to determine the mechanism involved in lung alteration. 
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THE OXIDATIVE POTENTIAL OF NANOMATERIALS AS A PREDICTIVE INDICATOR OF THEIR 
TOXICITY 

 

Armelle Baeza-Squiban1, Leticia Aragao-Santiago1, Linh Chi Bui1, Alessandro Evola1, Sonja Boland1, 
(1) University Paris Diderot, Sorbonne Paris Cité, Laboratory of Molecular and Cellular Responses to 
Xenobiotics, Unit of Functional and Adaptive Biology (BFA) UMR CNRS 8251, 5 Rue Thomas Mann, 
75205 Paris cedex 13, France  
 
Manufactured nanomaterials (MNM) being largely used, there is an urgent need to evaluate their 
adverse effects. Certain characteristics as their size, surface properties and their ability to generate 
reactive oxygen species (ROS), are promising metrics to predict harmful outcomes. The NanOxiMet 
project aims to group MNM by a combination of the analysis of physico-chemical characteristics and in 
vitro toxicity tests in order to be used as valid tools to predict the pathogenicity of MNM.  
 
Different MNM including (noble) metals, metal oxides and carbonaceous particles were compared: 
ZnO, CeO2, BaSO4, coated and uncoated TiO2, Cu, Fe2O3, carbon black (Printex 90, Lamp black), 
Al2O3, Ni, Ag of two sizes and Au. Characterization of particle sizes was done by measuring their 
hydrodynamic diameter which ranged from 180 to 680 nm. The intrinsic oxidant generation capacity of 
MNM suspensions was investigated through different assays (consumption of antioxidants (AO) in a 
synthetic lung lining fluid, depletion of dithiothreitol (DTT) and plasmid DNA strand break). Cu induced 
complete depletion of AO and DTT and multiple DNA strand breaks whereas Printex 90 had a lower 
effect on AO and DTT and induced no DNA damage. Other particles had no effect on AO depletion 
but induced DNA damages, however only in presence of H2O2 (ZnO > TiO2 NM104 > Fe2O3). Ag and 
Au MNM only depleted DTT and CeO2, BaSO4 and Lamp black had any effect.  
Since inhalation is one primary exposure route we studied the effects of MNM on a human bronchial 
epithelial cell line and on macrophages (THP-1). A high cellular toxicity assessed by WST-1 assay 
was observed for ZnO and Cu exposed cells, for other MNM cellular toxicity was less pronounced. 
This was associated to an intracellular oxidative stress characterized by oxidation of a specific probe 
as well as the expression of the antioxidant enzymes heme-oxygenase 1 controlled by the nrf2 
transcription factor which nuclear translocation was shown by immunofluorescence. Such responses 
were also triggered by Ag. 
 
The results obtained to date indicate that ZnO, Cu and Ag are among the most reactive MNM with 
oxidative stress being the underlying mechanism predicted by the DTT assay. 
 
“This study is included in the NanOxiMet project (www.nanoximet.eu) that is supported by the French 
National Research Agency (ANR) and the German Federal Ministry of Education and Research 
(BMBF), under the frame of SIINN, the ERA-NET for a Safe Implementation of Innovative 
Nanoscience and Nanotechnology.” 
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TACKLING CONFOUNDING FACTORS IN NANOMATERIAL HAZARD ASSESSMENT:              
RE-EXAMINING DOSE METRICS 

  

Heinrich Hofmann1, Nadia von Moos1,2, Cordula Hirsch3, Sarah. May3, Peter Wick3, (1) Ecole 
Polytechnique Fédérale de Lausanne, Powder Technology Laboratory, CH 1015 Lausanne, 
Switzerland (2) now with Dr. Knoell Consult GmbH, Mannheim, Germany (3) Empa, Swiss Federal 
Laboratories for Materials Science and Technology, Particles-Biology Interactions, St. Gallen, 
Switzerland 

 
 

Unlike the ongoing, fast-paced innovations of nanotechnology witnessed this century, the assessment 
of the possible hazards of engineered nanomaterials to environmental and human health lags behind. 
Specifically, the causal and quantitative link between physicochemical material properties and 
biological responses still stand on shaky ground because in vitro studies often produce conflicting 
results, which in addition are not necessarily confirmed in vivo. This situation hampers a proper risk 
assessment and indicates that common toxicity testing practices fail to integrate some crucial, colloid-
specific factor(s). 

Recent findings indicate that particokinetics (i.e. diffusion and sedimentation) significantly affect 
toxicity testing by influencing the effective dose delivered to exposed cells in a particle, medium and 
time dependent manner. These particle dynamics are currently not captured by the conventional dose 
metric of administered or nominal dose commonly used and may, at least in part, represent one 
source of error causing the perplexing body of evidence. Its neglect also implies that the potency of 
nanomaterials is largely underestimated by orders of magnitude. 

Hence, in a first step our aim is to implement recently developed computational dose models to in-
depth nanotoxicity screening assays of polystyrene beads to improve data analysis and interpretation 
and in a second step to validate model predictions and standardize the procedure for future 
nanotoxicty testing to improve our knowledge base for risk assessment and hazard prediction. 
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SURFACE REACTIVITY AS CRITERION FOR GROUPING AND READ-ACROSS 
 
Christian Riebeling1, Martin Wiemann2, Thomas A. J. Kuhlbusch3, Bryan Hellack4,5, Andreas Luch1, 
Andrea Haase1, Robert Landsiedel6, Wendel Wohlleben6, (1) German Federal Institute for Risk 
Assessment (BfR), Department of Chemicals and Product Safety, Berlin, Germany (2) IBE R&D 
gGmbH, Institute for Lung Health, Münster, Germany (3) Federal Institute for Occupational Safety and 
Health (BAuA), 44149 Dortmund, Germany (4) Institute of Energy and Environmental Technology 
(IUTA) e.V., Air Quality & Sustainable Nanotechnology, Duisburg, Germany (5) Center for 
Nanointegration CENIDE, University of Duisburg-Essen, Duisburg, Germany (6) BASF SE, Material 
Physics, Ludwigshafen, Germany 

 
The French nano-inventory highlights the diversity of substances in nanoform, which are dominated by 
conventional fillers and pigments produced in multi-k-ton/y of various nanoforms per substance. 
Therefore, alternative testing approaches with reduced costs and high predictivity suitable for high 
throughput screening and prioritization are urgently needed. In parallel, extensive research efforts are 
targeted to understanding modes of action of ENMs, which may also support the development of new 
predictive assays and which are also needed to establish NM grouping. Oxidative stress is a widely 
accepted paradigm associated with different adverse outcomes of ENMs. It has frequently been 
identified in in vitro and in vivo studies and different assays have been developed for this purpose.  
Here we have investigated a representative panel of 32 ENMs including functionalized amorphous 
silica (6 nanoforms), zirconium dioxide (4), silver (4), titanium dioxide (3), zinc oxide (2), multiwalled 
carbon nanotubes (3), barium sulfate and AlOOH. Surface reactivities of all were studied in a cell-free 
system by electron spin resonance (ESR). NRK-52E cells were treated with all NP, analyzed for 
viability (WST-1 assay) and intracellular ROS production (DCFDA assay). Carbonylated proteins were 
analyzed on 1D and 2D immunoblots and identified by matrix assisted laser desorption time-of-flight 
mass spectrometry (MALDI-TOF/TOF). Additionally, the same silica, titania, Zincoxide families and 
families of organic DPP pigments (3), metal-organic CuPhthalocyanins (2) and iron oxide (3) were 
investigated in a newly developed multi-dose protocol of the FRAS assay (Ferric Reduction Ability of 
Serum). For most of these materials, in vivo inhalation and macrophage assay results are available for 
benchmarking the proposed groupings/screenings. 
Based on the outcome of this study we now propose a comprehensive testing strategy for assessing 
the oxidative stress potential of ENMs, which combines acellular methods (ESR, FRAS) and fast in 
vitro screening approaches, as well as a more involved detailed redox proteomics approach. This 
allows for screening and prioritization in a tier of “system-depending properties” and, if required, also 
for unraveling mechanistic details down to compromised signaling pathways. Furthermore this 
approach appears highly useful within a NM grouping strategy. 
 

· Riebeling, C., M. Wiemann, J. Schnekenburger, T. A. Kuhlbusch, W. Wohlleben, A. Luch and 
A. Haase (2016). "A redox proteomics approach to investigate the mode of action of 
nanomaterials." Toxicology and applied pharmacology 299: 24-29. 

· Arts, J. H. E., M.-A. Irfan, A. M. Keene, R. Kreiling, D. Lyon, M. Maier, K. Michel, N. Neubauer, 
T. Petry, U. G. Sauer, D. Warheit, K. Wiench, W. Wohlleben and R. Landsiedel (2016). "Case 
studies putting the decision-making framework for the grouping and testing of nanomaterials 
(DF4nanoGrouping) into practice." Regulatory Toxicology and Pharmacology 76: 234-261. 

· Hofmann T, Ma-Hock L, Strauss V, Treumann S, Rey Moreno M, Neubauer N, Wohlleben W, 
Gröters S, Wiench K, Veith U, Teubner W, van Ravenzwaay B, & Landsiedel R (2016) 
Comparative short-term inhalation toxicity of five organic diketopyrrolopyrrole pigments and 
two inorganic iron-oxide-based pigments. Inhalation Toxicology doi: 
10.1080/08958378.2016.1200698:1-17. 

· Wiemann M, Vennemann A, Sauer UG, Wiench K, Ma-Hock L, & Landsiedel R (2016) An in 
vitro alveolar macrophage assay for predicting the short-term inhalation toxicity of 
nanomaterials. Journal of Nanobiotechnology 14(1):1-27. 

 
Partial funding by BMBF NanoGRAVUR is gratefully acknowledged. 
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ANTIBACTERIAL ACTIVITIES OF NITRIC OXIDE RELEASING SILVER NANOPARTICLES  
 
Amedea B. Seabra1, Nixson Manosalva2, Bruna Lima3, Milena T. Pelegrino4, Marcelo Brocchi3, Olga 
Rubilar2, Nelson Durán5,6  (1) Center of Natural and Human Sciences, Universidade Federal do ABC, 
Av. dos Estados 5001, CEP 09210-580, Santo André, SP, Brazil (2)  Chemical Engineering 
Department,Universidad de La Frontera, PO Box 54-D,Temuco,Chile (3) Tropical Disease Lab, 
Institute of Biology, Universidade Estadual de Campinas (4) Exact and Earth Sciences Departament, 
Universidade Federal de São Paulo, Rua São Nicolau, 210, CEP 09913-030, Diadema, SP, Brazi; (5) 
Institute of Chemistry, Biological Chemistry Laboratory, Universidade Estadual de Campinas, C.P. 
6154, Campinas, SP CEP 13083-970, Campinas, SP, Brazil (6) LNNano (CNPEM), Campinas, SP, 
Brazil 
 
 
Silver nanoparticles (AgNPs) are well known potent antimicrobial agents. Similarly, the free radical 
nitric oxide (NO) has important antibacterial activity, and due to its instability, the combination of NO 
and nanomaterials has been applied in several biomedical applications. The aim of this work was to 
synthesize, characterize and evaluate the antibacterial activity of a new NO-releasing AgNPs. Herein, 
AgNPs were synthesized by the reduction of silver ions (Ag+) by catechin, a natural polyphenol and 
potent antioxidant agent, derived from green tea extract. Catechin acts as a reducing agent and as a 
capping molecule on the surface of AgNPs, minimizing particle agglomeration. The as-synthesized 
nanoparticles were characterized by different techniques. The results showed the formation of AgNPs 
with average hydrodynamic size of 44 nm, polydispersity index of 0.21, and zeta potential of -35.9 mV. 
X-ray diffraction and Fourier transform infrared spectroscopy revealed the presence of the AgNP core 
and cathecin as capping agent. The low molecular weight mercaptosuccinic acid (MSA), which contain 
free thiol group, was added on the surface of catechin-AgNPs, leading to the formation of MSA-
catechin-AgNPs (the NO precursor nanoparticle). Free thiol groups of MSA-catechin-AgNPs were 
nitrosated leading to the formation of S-nitroso-mercaptosuccinic acid (S-nitroso-MSA), the NO donor. 
The amount of 342 ± 16 µmol of NO was released per gram of S-nitroso-MSA-catechin-AgNPs. The 
antibacterial activities of catechin-AgNPs, MSA-catechin-AgNPs, and S-nitroso-MSA-catechin-AgNPs 
were evaluated towards different resistant bacterial strains. The results demonstrated an enhanced 
antibacterial activity of the NO-releasing AgNP. For instance, the minimal inhibitory concentration 
values for Pseudomonas aeruginosa (ATCC 27853) incubated with AgNPs-catechin, AgNPs-catechin-
MSA, and AgNPs-catechin-S-nitroso-MSA were found to be 62, 125 and 3 µg/mL, respectively. While 
in the case of Klebsiella pneumoniae (ATCC 700603) the minimum bactericidal concentration values 
for treatments with AgNPs-catechin, AgNPs-catechin-MSA, and AgNPs-catechin-S-nitroso-MSA were 
found to be 1000, 500, and 125  µg/mL, respectively. The antibacterial actions of the NO-releasing 
nanoparticle were superior in comparison with the antibacterial effects of AgNPs, in most of the tested 
antibiotic resistant bacteria strains. These results highlight the promising uses of NO-releasing AgNPs 
against resistant bacteria in several biomedical applications.  
Acknowledgements: FAPESP, the Brazilian Network on Nanotoxicology (MCTI/CNPq), the Laboratory 
of Nanostructure Synthesis and Biosystem Interactions-NANOBIOSS (MCTI). 
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CHARACTERIZATION OF RELEASED AEROSOL FROM PHOTOCATALYTICS PAINTS UNDER 
REALISTIC SANDING 

 
Stéphane Delaby1, François Gaie-Levrel2, Stéphane Manixay4, Marlène Wiart3, Anna Bencsik4, (1) 
Centre scientifique et technique du bâtiment (CSTB), Saint-Martin d’Hères, France (2) Laboratoire 
national de métrologie et d'essais (LNE), Paris, France (3) Inserm U1060, Université Claude Bernard 
Lyon 1, CarMeN, Lyon, France (4) ANSES, Unité Maladies Neurodégénératives, Lyon, France 
 
Engineered Nanomaterials such as TiO2, NTC, SiO2 or Ag, are increasingly used in the construction 
products, e.g. cement, wet mortar and concrete, coatings and paints. It is assumed that the majority of 
nanomaterials are most likely safe, at least at concentrations for which workers are exposed. 
However, many questions are still open concerning the impact of these nanomaterials on workers’ 
health when handling these products. As an example, the degradations induced by the abrasion 
mechanisms of nanocomposite materials could induce the release of nanoparticles into the 
environment for which chemical nature, size and concentrations are mostly unknown. In that context 
the most common route of exposure to nanoparticles is inhalation and the nanoparticle sources are 
aerosols and nano-aerosols generated by activities in the construction industry. Although some 
experimental studies underlined potential hazardous effects of inhaled nanoparticles like lung 
inflammation or some affection of the cardiovascular system, none reported a potential impact on the 
nervous system despite the fact that nanoparticles inhaled through the nose can translocate to the 
brain directly via the nerve endings of olfactory neurons especially in case of chronic exposure.  

The aim of the “Release_NanoTox” project is to determine, by a realistic approach, the impact on the 
central nervous system of particles released from nanocomposite materials, such as nano-additived 
paints with TiO2 nanoparticles, under stress use. Here we report the results of the physico-chemical 
characterization of aerosol emissions from these nanocomposite materials in an exposure chamber. 
Abrasion tests were performed using a rotating sander to simulate the mechanical abrasion process. 
The particle size distributions and the associated concentrations and morphologies (free or 
agglomerated nanoparticles or embedded nanoparticles in polymer matrix) of aerosolized particles 
were measured and studied with on-line (FMPS, APS and TEOM) and off-line measurements 
(electronic microscopy on MET grid). Airborne particles were sampled in the exposure chamber of 
rodents. Presence of TiO2 nanoparticles at the surface of dry paint could be confirmed. Abrasion leads 
to a production of complex aerosols that also contained TiO2 nanoparticles after the mechanical 
abrasion process. Such emitted aerosol will be used for in vivo studies to evaluate their potential 
neurotoxicity in rodents after chronic inhalation exposure that mimics workers’ exposure. 

The authors would like to acknowledge the French Agency for Food, Environmental and Occupational 
Health & Safety (ANSES) for funding this project Release_NanoTox.  
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DEMONSTRATION OF A PROBE-SONICATOR CALIBRATION PROTOCOL FOR 
HARMONIZATON OF BATCH DISPERSIONS USED FOR TOXICOLOGICAL TESTING 

 
Keld A. Jensen1, (1) National Research Centre for the Working Environment, Lersø Parkallé 105, 2100 
Copenhagen, DENMARK 
 
 
An accurate evaluation of the possible toxic effects of manufactured nanomaterials (NM) on human 
health and the environment requires adoption of appropriate ways of performing the toxicological 
tests. In most assays, eco- and in vitro toxicological testing require dispersion of solid particles into 
liquid test mediums. Unless the producer provides the test substance in the form of a stock dispersion, 
the first step in a test is to prepare such a stock dispersion by dispersing dry NM powder into a 
suitable aqueous medium (dependent upon the test in question). Experimental studies show that the 
exact dispersion preparation methods can play an important role on the outcome of toxicity tests. 
Since guidance on this issue is still lacking, the wealth of data and information in the literature and still 
produced is difficult to evaluate and interpret.  
 
Even-though, other factors may also play an important role on the outcome, the accurate 
standardization of the dispersion procedures is the first indispensable step towards establishing 
reliable toxicological testing. Therefore, it was decided in the EU FP7 NANoREG project that a 
demonstrated standard should be developed for the project to produce comparable batch dispersions 
for all (eco-)toxicological studies.  
 
Probe-sonication was selected at the most suitable method to reach comparable results. Testing of an 
existing probe-sonicator calibration method using calorimetry from NIST showed that probe sonicators 
cannot be calibrated using this approach alone. Therefore, a two-step approach was developed which 
consist of 1) pre-calibration using a calorimetric method and 2) performance calibration where the 
dispersion efficiency is calibrated using a benchmark material (here NM-200 synthetic amorphous 
silica from the OECD WPMNM sponsorship program). The protocol was circulated in the project for 
performance testing. Results from 26 partners in the project conformed the suitability of the proba-
calibration protocol and the ability to produce comparable results across the project. 
 
The probe-calibration protocol was further applied to establish benchmark values for 19 NM in the 
NANoREG project using the NANOGENOTOX dispersion protocol. Based on 3-4 partner 
interlaboratory comparisons, harmonization through the probe-calibration protocol enables 
establishment of comparable dispersions for granular NM as measured by dynamic light scattering 
(DLS). However, some variations were observed for a few granular NM, which is generally ascribed to 
sample variability. DLS results are generally poor for carbon nanotubes and nanocellulose samples 
and comparability between laboratories was generally poor. Based on optical microscopy screening of 
dispersions made with the NANOGENOTOX dispersion protocol, only NM-411 (SWCNT) was poorly 
dispersed among all 19 NANoREG core test materials. 
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INVESTIGATING MULTIPLE ENDPOINTS FOR THE INTERACTION ASSESSMENT OF A 
GRAPHENE OXIDE-SILVER NANOCOMPOSITE WITH MACROPHAGE 

 
Luis Augusto Visani de Luna1, Ana Carolina Mazarin de Moraes1, Douglas Soares da Silva2, Nahiara 
Esteves Zorgi3, Sílvio Roberto Consonni4, Selma Giorgio3, Oswaldo Luiz Alves1, (1) Laboratory of 
Solid State Chemistry (LQES), Institute of Chemistry (IQ), University of Campinas (UNICAMP), 
Campinas, Brazil (2) Institute of Chemistry, University of Campinas, Campinas, Brazil (3) Laboratory of 
Leishmaniasis and Cell Culture (Lableish), Institute of Biology, University of Campinas, Campinas, 
Brazil (4) Laboratory of Cytochemistry and Immunocytochemistry (LCI), Institute of Biology, University 
of Campinas, Campinas, Brazil 
 
 
Graphene oxide functionalized with silver nanoparticles (GOAg) revealed to be an effective 
antibacterial agent. However, the knowledge about their potential risk for mammals’ cells are very 
scarce. Macrophages are part of the cell-mediated immune system and display essential abilities, 
such as phagocytosis and destruction of pathogenic microorganisms, antigen presentation, and 
production of pro and anti-inflammatory cytokines. The interaction between GOAg and macrophages 
was evaluated by cells’ viability, nanomaterials interaction with cell membrane and internalization, 
oxidative stress, and production of pro-inflammatory cytokines IL-1β and TNF-α. The macrophage 
lineage J774 was chosen for the in vitro tests. The pristine graphene oxide (GO) was synthesized by 
the modified Hummers’ method. The Turkevich method was employed for the synthesis of the GOAg 
nanocomposite and pristine silver nanoparticles (AgNP). The nanomaterials were characterized by 
UV-vis, transmission electron microscopy (TEM), atomic force microscopy (AFM), inductively coupled 
plasma optical emission spectrometry (ICP-OES), and zeta potential (Zetasizer). The nanomaterials 
dispersions were prepared based on the total silver concentration, except for GO. In vitro assessment 
of macrophages viability was carried out by the trypan blue dye exclusion assay. The oxidative stress 
was measured using an intracellular fluorescent probe for detection of superoxide radicals (DHE). The 
cell morphology was assessed by scanning electron microscopy (SEM) and the nanomaterials 
internalization by TEM and ICP MS. The interaction with the plasma membrane was evaluated by 
FESEM and Energy Dispersive X-Ray microanalysis (EDS). The production of pro inflammatory 
cytokines was determined by the Enhanced Sensitivity Cytometric Bead Array method (CBA) (BD 
Biosciences) using a FACS Canto II cytometer. The GOAg nanocomposite was more toxic to the 
macrophages when compared to pristine GO and pristine AgNP. The production of superoxide 
radicals of cells exposed to GOAg increased about 60 fold after 24 h. In addition, cells exposed to 
GOAg internalized less silver (~60 %) than cells exposed to pristine AgNP. However, IL-1β and TNF-α 
production by J774 macrophages was not increased in the presence of nanomaterials compared to 
non-exposed cells. Our findings strongly reveal a synergistic toxicity effect of the GOAg 
nanocomposite, mainly due to maximization of silver contact with the cell membrane, frustrated 
phagocytosis and production of remarkable oxidative stress. Finally, for the safe application of 
nanocomposites, a multiple endpoint approach must be considered because their interaction with cells 
and toxicity may differ from the pristine nanomaterials. 
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 TOPICAL APPLICATION OF NITRIC OXIDE-RELEASING NANOPARTICLES COMBINED WITH 
UV IRRADIATION ENHANCE NITROGEN OXIDES STORES IN HUMAN EPIDERMIS  

 
Milena T. Pelegrino1, Richard Weller2, Xiaochao Chen2, Amedea B. Seabra1,3 (1) Exact and Earth 
Sciences Departament, Universidade Federal de São Paulo, Rua São Nicolau, 210, CEP 09913-030, 
Diadema, SP, Brazil (2) Medical Research Council Centre for Inflammation Research, University of 
Edinburgh, Queen’s Medical Research Institute, 47 Little France Crescent, Edinburgh, EH16 4TJ, UK 
(3) Center of Natural and Human Sciences, Universidade Federal do ABC, Av. dos Estados 5001, 
CEP 09210-580, Santo André, SP, Brazil   
 
The free radical nitric oxide (NO) plays key roles in cardiovascular system by controlling blood 
pressure and also in human skin being involved in several physiological and pathopysiological 
processes. Due to its small size and lipophilic behavior, NO is easily transported through the stratum 
corneum, the outermost barrier of epidermis. In the bloodstream, NO has a half-life of a few seconds, 
being readily oxidized to nitrite (NO2-), and subsequently to nitrate (NO3-). Human the dermis and 
epidermis contain significant stores of nitrogen oxides (NOx), particularly nitrate. These NOx species 
can be reduced by ultraviolet (UV) light, a sunlight component, and release NO from the skin to the 
bloodstream. In the bloodstream, NO might not only vasodilates the local endothelium, but also affects 
the cardiovascular system, decreasing the blood pressure. In this context, there is a great interest in 
the development of new materials capable to locally release therapeutic amounts of NO in a sustained 
manner. This work describes the synthesis, characterization and topical applications of NO-releasing 
chitosan nanoparticles to evaluate whereas the combined application NO-releasing nanoparticle and 
UV-light irradiation could increase the storage of NO in human skin layers. Chitosan nanoparticles (CS 
NPs) were prepared by ionotropic gelation process and S-nitrosoglutathione (GSNO), the NO donor, 
was incorporated (encapsulation efficiency of 99%) into the NPs. The obtained NPs have an average 
hydrodynamic size of 38.88 ± 16.63 nm, a polydispersive index of 0.285 ± 0.008, and zeta potential of 
26.1 ± 0.5 mV, due to the presence of positive chitosan chains. The release and permeation of intact 
GSNO from GSNO-CS NPs (initial GSNO concentration of 100 mmolL-1) were evaluated by using a 
vertical Franz diffusion cell system with synthetic membranes. The GSNO release and permeation 
from CS NPs fitted the Higuchi mathetical model, indicating a classic fickian diffusion for at least 6 
hours. The permeation of NO from GSNO-CS NPs in human skin were performed by ex vivo 
experiments by using human skin pre-treated with DAF-2DA, a specific NO choromophore. GSNO-CS 
NPs (GSNO concentration of 100 mmolL-1) were topically applied on the epedermis for 6 h, the skin 
were washed and irradiated with UV light source for 20 min (l = 290 nm). The skin sections were 
analysed by confocal microscopy. The results demonstrated that topical application of GSNO-CS NPs 
increased the NO content in the epidermis, and this effect was enhaced by UV light irradition. Taken 
together, these results highlight the potential dermatological uses NO-releasing CS NPs to augment 
NO pool in huma skin.  
Acknowledgements: FAPESP, the Brazilian Network on Nanotoxicology (MCTI/CNPq), Newton 
Advanced Fellowship (The Royal Society NA140046). 
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LUNG REMODELING AFTER PULMONARY EXPOSURE OF MICE TO CERIUM OXIDE 
NANOPARTICLES - ROLE OF AUTOPHAGY 

Balasubramanyam Annangi1,2,†, Audrey Ridoux1,2, Jorge Boczkowski1,2, Sophie Lanone1,2, (1) 
INSERM, U955, Equipe 4, 94000 Créteil, France (2) Université Paris Est-Créteil, Faculté de Médecine, 
94000 Créteil, France †Funded by LabEx SERENADE Research Chair 
 
Cerium and cerium compounds are mainly used as diesel fuel catalysts resulting in the emission of 
cerium oxide nanoparticles (CeO2NPs) in the exhaust, which could result in the exposure of the 
general population to these NPs. Some data in the literature suggest that pulmonary exposure to 
these NPs could induce the development of lung fibrosis, but the exact underlying mechanism remains 
to be elucidated. Autophagy, a physiological self-renewal mechanism wherein dysfunctional or 
damaged organelles, misfolded or aged proteins are degraded for cell survival has been recently 
proposed as a potential underlying mechanism of NP toxicity. We therefore designed a study aimed to 
understand the role of autophagy in CeO2NPs-induced pulmonary fibrosis in mice. We first 
characterized the modulation of autophagy by CeO2NPs in isolated peritoneal macrophages from 
GFP-LC3 mice. At the tested concentrations, CeO2NPs did not show cytotoxic effects, and were able 
to accumulate autophagosomes, as evaluated by fluorescence microscopy. Furthermore, 
macrophages cell line (RAW 264.7) treated with a range of CeO2NPs concentrations did show an 
increase in p62 expression, overall demonstrating an autophagy blockade or loss of autophagy flux in 
response to CeO2NPs exposure. To delineate the role of myeloid autophagy in CeO2NPs induced lung 
fibrosis, we used mice with mutations in the autophagy gene Atg5 in the myeloid lineage (Atg5fl/fl 
LysM-Cre+ mice, (atg5-/-) and their wild type (WT) counterparts. Mice were exposed to CeO2NPs (5 or 
50µg) by a single intratracheal instillation for 28 days. After 28 days of exposure of WT mice, the 
histopathological data revealed a dose dependent increase in airway and bronchial thickening 
characterized by inflammatory cells infiltration and type1 collagen deposition. As compared to these 
modifications, there was less alveolar thickening and type1 collagen deposition, and more bronchial 
thickening and potentially more macrophagic inflammation in Atg5 KO exposed mice. In conclusion, 
the lack of ATG5 gene protects from CeO2NPs-induced alveolar wall thickening but aggravates 
CeO2NPs-induced bronchial wall remodeling. From these studies, it could be inferred that autophagy 
may possibly play a dual role in CeO2NPs-induced lung fibrosis. 
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TOXIC EFFECTS OF NANOPARTICLES ON CELLS ARE MODULATED BY THEIR EXPOSURE 
SCENARIOS 

 
Catherine Aude-Garcia1, Marie Carrière2 and Thierry Rabilloud1, (1) DRF / BIG / LCBM, CEA-
Grenoble,France (2) DRF/INAC/SyMMES/LAN, CEA-Grenoble, 17 rue des martyrs 38054 Grenoble, 
France 

 
 
Due to their extensive use in a broad spectrum of commercial products, silver nanoparticles (Ag-NPs) 
are among the most studied nanoparticles in terms of toxicology and ecotoxicology. However, the 
great majority of studies published to date presents data obtained 24 hours after high dose exposure 
protocols, mimicking accidental exposure to nanoparticles. But with this kind of studies, important 
issues are not addressed: are the observed effects reversible after few days? And what about 
repeated exposures to a lower dose? 
We tried to answer these questions, using murine primary macrophages that were exposed to Ag-NPs 
with 3 different protocols: exposure to a single high dose (5µg/ml) and analysis of the biological effects 
24h later (acute protocol) or after 72h of recovery in NP-free medium (recovery protocol); repeated low 
doses (1.25 µg/ml) each day for four days (repeated protocol), which is a more realistic exposure 
scenario.  
Our results show that after all these kinds of exposure, Ag accumulates in the cells but is partially 
expelled from cells during recovery. An acute exposure leads to a strong biological response of the 
cells, characterized by reduced mitochondrial membrane potential, phagocytic activity and nitic acid 
(NO) production upon lipopolysaccharide stimulation. Upon this condition we also show an increase in 
the pro-inflammatory cytokine release as well as a decrease in anti-inflammatory cytokine release. But 
this response is partially reversible since after a recovery period all these biological activities are close 
to that of non-exposed cells. A repeated scenario leads to much less intense effects on the cells. 
This study highlights the facts that different exposure scenarios leads to different biological effects and 
shows the importance to explore different types of the exposure to have a real idea of the effects of 
nanoparticles. 
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CHARACTERIZATION OF NANOPARTICLES IN URINE FROM RATS EXPOSED TO TITANIUM 
DIOXIDE NANOPARTICLES  

 
Caroline Marie-Desvergne1, Thomas Philippe1, Muriel Dubosson1, Catherine Campo1, Michèle 
Bouchard2, Denis Dième2, Aurélien Viscardi3, Véronique Chamel Mossuz1, (1) Univ. Grenoble Alpes, 
CEA, NanoSafety Platform (SPNS), Medical Biology Laboratory (LBM), 17 rue des martyrs, F-38054 
Grenoble, France (2) University of Montreal, Department of Environmental and Occupational Health, 
Biomarker Unit/Xenobiotics and Nanoparticles, P.O. Box 6128, Main Station Montreal (Qc), H3C 3J7 
(3) PerkinElmer SAS 16 avenue du Quebec, LP601 91945 Courtaboeuf cedex, France 
 
It is now commonly accepted that nanoparticle exposure and health monitoring for workers is needed. 
Moreover there are emerging recommendations in the field of occupational health indicating that 
nanoparticle monitoring in classical biological media such as urine should be investigated. The precise 
form under which nanoparticles are potentially excreted (particles versus ions) is still a main issue due 
to the associated analytical challenges. Indeed, the most adequate technic to quantitatively analyze 
metallic traces in urine is inductively coupled plasma mass spectrometry coupled (ICPMS), but this 
method gives no information on the potential presence of nanoparticles in the samples. Better 
elucidation and characterization of the urinary excretion of nanoparticles would be of main interest to 
better understand the toxicology of nanoparticles, on the basis of in vivo studies. To reach this goal, 
we have evaluated single particle-ICPMS (SP-ICPMS) that appears as a promising technic, and 
compared it with electrothermal vaporization-ICPMS (ETV-ICPMS) that is described for the analyses 
of complex matrices. 
The performance of SP-ICPMS was evaluated through the study of silver nanoparticles of three sizes 
(20, 60 and 100 nm) and titanium dioxide (TiO2) nanoparticles of 20 nm in water and urine. The 
concentration and size detection limits were determined. The influence of ionic concentrations on NP 
detection was also assessed. SP-ICPMS showed good repeatability and reproducibility results for 
silver NP detection of 60 and 100 nm. Silver and TiO2 nanoparticles of 20 nm were also detected but 
with more variability. The presence of ions in a sample of nanoparticles reduced the concentration of 
detected nanoparticles. 
SP-ICPMS was applied to the analysis of urine samples from rats exposed intravenously to TiO2 
nanoparticles (20 nm). Urine was collected over a period of 14 days post-exposure. The samples were 
also analyzed with ETV-ICPMS. In addition, transmission electron microscopy coupled to energy 
dispersive X-ray spectroscopy (TEM-EDX) observations were conducted on a few samples. The urine 
samples from rats ranged from 0.8 to 220 µg/L of total dissolved Ti. When analyzed with SP-ICPMS 
no relevant signal could be obtained due to high limits of detection for TiO2. However, when analyzed 
with ETV-ICPMS, two distinct peaks representative of ions (Ti2+) and nanoparticles (TiO2) were 
obtained indicating that TiO2 is excreted both as ions and particles. The presence of nanoparticles in 
urinary samples was confirmed with TEM-EDX. 
These preliminary results are of main interest in the field of nanoparticle toxicokinetics. From an 
analytical point of view, SP-ICPMS is a promising technic which combines detection, quantification 
and characterization. However, the size detection limits are still high. For small nanoparticles in 
complex matrices, ETV-ICPMS seems particularly adequate. The precise kinetic of elimination of 
nanoparticles/ions over the 14-days post-exposure period will be determined in rats. Our results are 
highly encouraging on the way to the determination of biomarkers of exposure to nanoparticles. 
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IMPACT OF E171 FOOD ADDITIVE (TIO2) ON HUMAN INTESTINAL CELLS: FROM TOXICITY TO 
IMPAIRMENT OF INTESTINAL BARRIER FUNCTION 

 
Marie Dorier1, David Béal1, Frederick Barreau2, Karin Pernet-Gallay3, Caroline Marie-Desvergne4, 
Alexandra Hihn5, Nathalie Herlin-Boime5, Thierry Rabilloud6 , Marie Carriere1, (1) Univ. Grenoble-
Alpes, DRF/INAC/LCIB; CEA Grenoble, DRF/INAC/SyMMES, 17 rue des martyrs, 38054 Grenoble 
Cedex 9, France (2) INSERM UMR1220, Institut de Recherche en Santé Digestive, Univ. Toulouse, 
Toulouse, France (3) Univ. Grenoble Alpes, Grenoble Institut des Neurosciences, 38000 Grenoble, 
France; INSERM U 836, 38000 Grenoble, France (4) Univ. Grenoble-Alpes, CEA, Nanosafety 
Platform, Medical Biology Laboratory (LBM), 17 rue des Martyrs, 38054 Grenoble, France (5) 
UMR3685 CEA-CNRS, univ. Paris Saclay, IRAMIS-NIMBE, LEDNA, CEA Saclay, 91191 Gif sur 
Yvette, France (6) Chemistry and Biology of Metals, UMR CNRS/CEA/UGA 5249, BIG/CBM, CEA 
Grenoble, 17 rue des martyrs, 38054 Grenoble Cedex 9, France 
 
Mineral particles are currently approved as food additives and used in food products, cosmetics and 
pharmaceutical industry. One of the most produced is titanium dioxide (TiO2, namely E171 in EU); it is 
used as a white colouring agent in pastry, sweets and pills. Generalized use of this additive has raised 
concerns on its potential effects on health and the environment, especially its impact on the intestine 
of humans exposed by ingestion. Although it is not a nanomaterial according to the EU definition, it 
contains up to 40% of nanoparticles in the number size distribution. Its impact on the intestine is poorly 
documented.  
The physico-chemical characteristics of five batches of E171 purchased from commercial websites 
were analysed; one of these batches (Fig. 1) was chosen for toxicity studies on two intestinal 
epithelium cell models. It was compared to the toxicity of two types of TiO2 nanoparticles (NM105 from 
the JRC library and purely anatase, 12 nm-diameter TiO2-NPs). After evaluating global toxicity 
parameters (cytotoxicity, genotoxicity, oxidative stress), we focused on the intestinal barrier function, 
including the loss of epithelial cell viability, the cellular ability to exclude toxicants; and mucus 
secretion.  
Our results show that E171 does not cause overt mortality nor DNA strand breaks. However significant 
increase in intracellular reactive oxygen species was detected together with oxidative damage to DNA. 
E171 altered the mRNA expression of genes encoding efflux pumps, responsible for xenobiotic 
detoxification, and genes involved in mucus secretion. Finally, markers of endothelial reticulum stress 
and inflammation were altered. 
Taken together, these results suggest that TiO2-NPs and E171 food additive may modify the intestinal 
barrier function. They may thus be involved in the development and/or aggravation of inflammatory 
pathologies like inflammatory bowel diseases.  
 

 
Figure 1. TEM image of E171 food additive 
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CARBON NANOTUBES BUT NOT SPHERICAL NANOPARTICLES BLOCK AUTOPHAGY 
PROCESS BY A SHAPE-RELATED TARGETING OF LYSOSOMES IN MURINE MACROPHAGES 

 
A. Ridoux1, V. Cohignac1*, M. Landry1*, A. Gerdil2, N. Herlin2, M. Haruta3, P. Codogno4, J. 
Boczkowski1, J.-C. Pairon1, S. Lanone1, (1) Inserm, U955 Equipe 4, 8, rue du Général Sarrail 94000 
Créteil, France (2) DSM/IRAMIS/SPAM/EDNA, CEA Saclay, 91191 Gif-sur-Yvette, France (3) 
Department of Applied Chemistry, Graduade School of Urban Environmental Sciences, Tokyo 
Metropolitan University, Japan (4) Inserm, U1151, Institut Necker-Enfants Malades, 14, rue Maria 
Helena Da Silva – CS61431 75993 Paris, France, * Equal contribution 
 
The development and the increasing production of manufactured nanoparticles (NP) are raising 
increasing safety concerns because of the potential effects of NP on human health, particularly on the 
respiratory tract. Several studies have shown that respiratory exposure to manufactured NP can 
induce pathogenic biological effects, with lung remodeling (such as fibrosis and emphysema), 
depending on the physico-chemical characteristics of the NP. Currently, inflammation and oxidative 
stress are the most commonly described biological effects associated to NP toxicity; however the 
exact underlying mechanisms governing the biological effects of NP still remain to be elucidated. 
Autophagy is a physiological process that digests abnormal cytoplasmic components and organelles. 
It has been shown that this process can negatively regulates inflammation and oxidative stress.  
 
The general aim of this study was therefore to understand the cellular mechanisms underlying NP 
respiratory effects, with a particular focus on autophagy. Our hypothesis was that a defective 
autophagy could be a new mechanism explaining, at least in part, NP effects.  
 
To achieve our aim, twelve particles differing in chemical composition, shape, size, length, crystal 
phase, and/or surface were used : 4 multi-walled carbon nanotubes (MWCNT), 1 carbon black NP 
(FW2), 1 micrometric titanium dioxide (TiO2, Micro) and 6 TiO2 NP. RAW 264.7 murine macrophages 
were exposed to 10 or 50 µg/mL of NP, and the different steps of autophagy process were evaluated: 
initiation steps with the autophagosome formation and accumulation, fusion with lysosome, and further 
degradation as autolysosomes.  
 
We demonstrate that exposure to all particles lead to the accumulation of autophagosomes, which 
was related to the blockage of the autophagic flux for MWCNT or the induction of a functional 
autophagy for spherical NP. Moreover, we provide the first evidence that lysosomal dysfunction is the 
molecular mechanism underlining autophagy blockade by CNT; we could observe, in response to CNT 
exposure, the accumulation of lysosomes resulting from a basification of lysosomal pH which lead to 
their lack of fusion with autophagosome. These results isolate for the first time the shape as a main 
determinant of the interaction of NP with the autophagy pathway. 
 
Identifying the lysosomes as primary targets of MWCNT toxicity open new ways in the interpretation 
and understanding of nanomaterials toxicity. In vivo studies using autophagy deficient mice will be 
performed to confirm these results. 
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IMPACT OF VARIOUS METALLIC NANOPARTICLES ON METAL HOMEOSTASIS 
 
 

Isabelle Michaud-Soreta, Mireille Chevalleta, Aurélien Deniauda, Giulia Veronesia,b, Thomas Gallona, 
Pierre-Henri Jouneauc, Benoit Gallete, Martine Cuillela, Khémary Uma, Peggy Charbonniera and 
Elisabeth Mintza a) (1) CNRS, Laboratoire de Chimie et Biologie des Métaux (LCBM), UMR 5249, 
Grenoble, France. Email: isabelle.michaud-soret@cea.fr (2) CEA, BIG, LCBM, Grenoble, France. 
Email: mchevallet@cea.fr (3) Université Grenoble Alpes, LCBM, Grenoble, France; b) ESRF The 
European Synchrotron. 71, Avenue des Martyrs, 38043 Grenoble, France ; c) (1) CEA, INAC, Minatec 
campus, Grenoble, France (2) Université Grenoble Alpes, INAC-MEM-LEMMA, Grenoble, France ; d) 
(1) Université Grenoble Alpes, IBS, F-38044 Grenoble, France (2) CNRS, IBS, F-38044 Grenoble, 
France (3) CEA, IBS, F-38044 Grenoble, France; e) (1) Université Grenoble Alpes, IBS, F-38044 
Grenoble, France (2) CNRS, IBS, F-38044 Grenoble, France (3) CEA, IBS, F-38044 Grenoble, 
France. 

 
 

Metallic nanoparticles (NP) production has massively increased during the last decade as they are 
being more and more used in commercial products (textiles, cosmetics…). Certain types of metallic 
NP such as CuO-NP, ZnO-NP or Ag-NP release ions over time in the environment as well as in an 
organism. We compared the effects of these NP with the corresponding salt forms on HepG2 
hepatocytes with a focus on metal homeostasis and redox balance disruptions. 
The comparative analysis of these NP versus salt forms revealed that Zn has the same toxicity in both 
forms whereas the Cu and Ag have opposite behaviors. Cu salt is less toxic than the nanoparticulate 
form whereas Ag salt is more toxic than Ag-NP. Our early work showed that after endocytosis CuO-NP 
dissolve in hepatocytes which leads to a greater accumulation of Cu when compared to an equivalent 
exposure to Cu salt. This result explains the higher toxicity of the NP form of Cu (1). Studies on zinc in 
sub-toxic conditions showed a massive dissolution of ZnO-NP outside the cells and a toxicity mainly 
linked to the input of zinc ions into the cell (2).  
Cu(I)/Cu(II) and Zn(II) are physiological metal ions, whereas Ag(I) is not naturally present in cells. In 
the case of Cu and Zn, we were able to show the involvement of specific cellular mechanisms to 
maintain metal homeostasis and limit oxidative stress. 
In contrast, hepatocytes have no specific system to deal with silver ions, which combine a high 
reactivity and a strong affinity for thiol groups (3). Ag(I) and Cu(I) have similar physicochemical 
properties and therefore Ag(I) can disrupt Cu homeostasis and induces responses similar to those of a 
zinc or copper stress.  
We observed increased production of Metallothionein and GSH in response to all three types of 
metallic NP. Their roles are to chelate the excess of intracellular metal ions and limit the production of 
reactive oxygen species. 
In conclusion, common mechanisms were identified for the cellular response to all three types of 
metallic NP. However, the management of non-physiological ions appears to be more complex. 
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HIGH DIMENSION BIOLOGICAL ANALYSIS OF CARBON NANOTUBE TOXICITY 
 
D.A. Sarigiannis1,2, S. Karakitsios1, A. Tsatsakis3, K.S. Golokhvast4, A.B. Engin5, (1) Aristotle 
University of Thessaloniki, Department of Chemical Engineering, Environmental Engineering 
Laboratory, University Campus, Thessaloniki 54124, Greece (2) Environmental Health Engineering, 
Institute of Advanced Study, Palazzo del Broletto - Piazza della Vittoria 15, Pavia 27100, Italy (3) 
University of Crete, Heraklion, Greece (4) Far Eastern Federal University, Vladivostok, Russian 
Federation (5) Gazi University, Faculty of Pharmacy, Department of Toxicology, Hipodrom, Ankara 
06330, Turkey 
 
 
The toxic effects of multi-walled carbon nanotubes (MWCNTs) are often associated with intracellular 
oxidative processes related to generation of reactive oxygen species (ROS). The latter is enhanced by 
metallic impurities that can be mobilized from the carbon nanotubes to the surrounding biological 
microenvironment. 
The current study aimed at identifying the effects of exposure to purified and unpurified MWCNTs at 
different levels of biological organization, and at shedding light on the potential mechanism(s) of 
action. For this purpose, (a) immunological, (b) biochemical, (c) gene expression and (d) biological 
pathway analyses were carried out, combining human biosamples and in vitro testing. The MWCNTs 
with higher amount of metallic impurities caused a significant increase in lipid hydroperoxides levels 
and in the percentage of immune cells with reduced mitochondrial membrane potential as compared 
to the purified MWCNTs. Whole genome transcriptomics in the lung epithelium (A549) and 
keratinocytes (HaCaT), which were selected as in vitro models in this study showed that gene 
expression significantly differs after exposure to purified and unpurified MWCNTs. 48 hours exposure 
resulted in a significant number of genes differentially expressed compared to the control; 
approximately 500 genes were expressed differentially in the case of MWCNTs with different levels of 
impurities. Similar results were found when we analyzed the data isolating the 25 genes involved in 
the molecular pathway associated to oxidative stress. The picture changes slightly in terms of 
modulated gene expression, when focusing on the genes involved in inflammation mediated by 
chemokine and cytokine signalling. Cells behaved differently when exposed to MWCNTs with different 
levels of impurities. Both purified and unpurified MWCNTs showed a reduction in the number of genes 
that had modulated their expression level after 48 hours exposure. For this reason, we analyzed the 
gene expression of the genes involved in the inflammation pathway for the two types of in vitro models 
we used, i.e. HaCaT keratinocytes and A549 lung epithelial cells. Comparative analysis showed that 
the modulation in gene expression of A549 cells was much higher than the gene expression of the 
keratinocytes after 48 h of exposure.  
Analysis of the effects of different types of MWCNTs on gene expression showed that MWCNT 
induced the over-expression of chemokine (C-C motif) (Ccl2) and ligand 19 (Ccl19). Pathway analysis 
showed significant modulation of genes related to the NFkB pathway, after exposure to unpurified 
MWCNTs, as a result of oxidative stress induction. This may cause a perturbation of the IL-6 pathway 
that aims to regulate the inflammatory processes and compensate apoptotic changes. Overall the 
immunological responses related to MWCNT exposure are considered the result of the synergistic 
effect of systemic (mediated by cells of the exposure routes) and local inflammation (blood cells). 
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CELLULAR UPTAKE AND TOXICITY OF POSITIVELY AND NEGATIVELY CHARGED SILICA 
NANOPARTICLES 

 
Elisabeth Elje1,2, Julia Schölermann1, Mihaela Roxana Cimpan1, Maria Dusinska2, (1) Department of 
Clinical Dentistry – Biomaterials, University of Bergen, Bergen, Norway (2) NILU- Norwegian Institute 
for Air Research, Department of Environmental Chemistry, Health Effects Laboratory, Kjeller, Norway 
 
The development of nanoscience and nanotechnology leads to an increasing production of 
nanomaterials and nanoparticles (NPs). Various types of NPs, including silica, are already present in 
products on the market, leading to an exposure of humans and the environment to these NPs. Several 
NPs have been shown to induce cytotoxic and genotoxic effects on cells, where the toxic potential of 
the NPs depends on their physicochemical characteristics.  
 
This study focuses on the interactions between charged silica NPs and A549 cells. The aims of the 
study were to investigate the cytotoxicity, genotoxicity and cellular uptake of amorphous silica NPs in 
human lung carcinoma A549 cells in relation to the surface charge of the NPs.  
 
Two spherical (25 nm) red fluorescent amorphous silica NPs were used. The NPs differed only in the 
surface charges, which were either positive or negative. The cytotoxicity induced in A549 by the silica 
NPs was investigated by impedance-based monitoring using the xCELLigence RTCA DP (ACEA 
Biosciences, San Diego, USA), and colony forming efficiency. The genotoxicity was studied by the 
standard alkaline comet assay for detecting strand breaks and by the modified comet assay with 
lesion specific enzyme for detecting DNA oxidation lesions, while the mutagenic potential of the NPs 
was investigated by mouse lymphoma assay in L5178Y Tk+/- mouse lymphoma cells. The cellular 
uptake of the positively and negatively charged silica NPs was investigated by flow cytometry (BD 
Accuri C6, BD Biosciences, San Jose, USA) and live cell microscopy (BioStation IM-Q, Nikon 
Corporation, Tokyo, Japan). Additionally, the NPs were characterized with respect to size and stability 
mainly by dynamic light scattering and transmission electron microscopy. 
 
The size distribution of the NPs dispersed in water with 0.05 % w/v bovine serum albumin was found 
to be stable for at least 6 months. After the cells were treated in cell culture medium to NPs (1-300 
µg/ml) for 2-23 hours, no evidence of cytotoxic, genotoxic or mutagenic effects induced by the NPs on 
A549 and L5178Y cells was found. In contrast, the cellular uptake in A549 cells was significantly 
higher for positively than for negatively charged silica NPs. The positively charged silica NPs were 
also internalized at a higher rate. 
 
These results indicate that different mechanisms are involved in the NP uptake depending on the NPs’ 
surface charges and the biocorona formed around the NP. This study shows that for the 
concentrations and times of exposure used amorphous silica NPs can be internalized in A549 cells 
without causing significant cytotoxic or genotoxic effects. 
 
Supported by NANoREG (EC FP7, 310584), NorNANoREG (Norwegian Research Council, 
239199/070), the UH-Nett Vest fund and the Department of Clinical Dentistry, Faculty of Medicine and 
Dentistry, University of Bergen, Norway. 
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IMPACT OF SILVER NANOWIRE LENGTH, DIAMETER, AND SURFACE CHEMISTRY ON 
RAINBOW TROUT RTGILLW1 AND RTGUTGC CELL LINES 

 
Devrah Arndt1, Djadidi Toybou2, Benjamin Gilbert2, Sylvia Lehmann2, Laurent Charlet2, Brenda 
Omana3, Annette Hofmann3,  Christopher Vulpe1, (1) University of Florida CEHT, 2187 Mowry Road, 
Gainesville, FL 32608, (2) Bâtiment les Taillées, Domaine Universitaire, 271 Rue de la Houille 
Blanche, 38400 Saint-Martin-d'Hères, France (3) Université Lille 1 Sciences et Technologies, 
Sciences de la Terre bâtiment SN5, Av. Paul Langevin, 59655Villeneuve d’Ascq 
 
 
Silver nanowires (AgNWs) are rapidly displacing the current technology for touchscreen displays, and 
additional AgNW applications are becoming available in the form of solar cells and conformational 
electronics like OLED displays. Despite a push to understand the impacts of engineered 
nanomaterials on human and environmental health, there is a lack of knowledge regarding AgNW 
toxicity to biological systems, as the high aspect ratio of AgNWs is expected to alter transport and 
toxicity relative to spherical silver nanoparticles. This project used RTgillW1 and RTgutGC cell lines to 
probe specific characteristics of AgNWs that make them more or less toxic to organisms. AgNWs were 
synthesized with a variety of lengths, diameters, and surface chemistries. Cells were seeded at a 
density of 4,000 cells per well in 384 well plates and exposed to AgNWs (0-25 µg/mL) for different 
periods of time (4, 12, 24, and 48 hours). AgNO3 was used as a positive control. Cytotoxicity was 
measured by nuclear morphology, plasma membrane and cytoskeleton integrity, mitochondrial 
membrane potential, H2AX DNA damage, ROS generation, lysosome pH and mass, and apoptosis. 
Changes in cellular bioenergetics (glycolysis, aerobic metabolism, mitochondrial function) were 
measured using a SF Series Seahorse Instrument. Results indicate that AgNWs exhibit altered 
patterns of transport, cellular uptake, and asbestos-like toxic injury due to the high aspect ratio of the 
nanowires. Both short and long nanowires were internalized by the cells and induced cytotoxicity; 
however, long nanowires generated slightly higher levels of ROS and apoptosis-related events 
compared to short nanowires. Surface chemistry and media conditions were also found to influence 
toxicity. This project is part of an international consortium to investigate AgNW properties of concern 
and find ways to synthesize AgNWs with minimal hazards to people and the environment. Future work 
will explore whole organism toxicity of AgNWs on rainbow trout larvae, and investigate the underlying 
mechanisms of AgNW toxicity on rainbow trout larvae using RNAseq and computational technologies. 
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ENVIRONMENTAL INTERACTIONS OF NANOMATERIALS 

Jérôme ROSE*1,2, Perrine CHAURAND1,2, Daniel Borschneck1,2, Clement LEVARD1,2, Mélanie 
AUFFAN1,2, Jérôme LABILLE1,2, Armand MASION1,2, Jean-Yves BOTTERO1,2 (1) CEREGE (UMR 
7330) CNRS – IRD - Aix-Marseille University, INTERFAST Group, Europôle Méditerranéen de 
l'Arbois, 13545 Aix-en-Provence Cedex 04, France (2) iCEINT, international Center for the 
Implications of NanoTechnologies, CNRS – Aix en Pce,-France, Duke University, Durham-USA 
*contact person: rose@cerege.fr 

With hundreds of nanotechnology-based materials and products already on the market, the issues of 
exposure and hazard became of the highest importance. If occupational exposure was central in the 
scientific literature at the earliest period, environmental exposure remains poorly investigated. It is 
obvious that while release in the environment nanomaterial behaviour will be based on very complex 
bio-physical-chemical processes that still hinder comprehensive understanding.   

Environmental interactions include abiotic and biotic processes affecting stability (bio-degradation), 
fate, transport, and transformation of released nanomaterials. More over as function of the different 
stages of life cycle of product incorporating NMs, the structure, shape and properties of NMs will vary.  

The talk will detail many possible interactions occurring while NMs are released in the environment 
that will affect the environment and consumer exposure. The aim of the presentation is to determine 
the methodology to better constrain the transfer, transformation and ecotoxicity of by-products 
released from nanoproducts / nanocomposite during their life cycle. It will provide the basis to develop 
an exposure driven risk assessment methodology. 

 

Acknowledgment: This work is a contribution to the Labex Serenade (no ANR-11-LABX-0064) funded 
by the “Investissements d'Avenir” French Government program of the French National Research 
Agency (ANR) through the A*MIDEX project (no ANR-11-IDEX-0001-02) and the French X-ray CT 
platform called Nano-ID was funded by the EQUIPEX project ANR-10-EQPX-39-01. This work also 
benefited from NANOREG (NMP-LA-2013-31058), SUN (FP7-NMP-2013-LARGE-7-604305) and 
PROSAFE (NMP-27-2014-646325) project funded by the European commission. 
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SURFACE AFFINITY AND TROPHIC TRANSFER OF NANOPARTICLES: IMPLICATIONS IN 
WASTEWATER TREATMENT 

 
Mark R. Wiesner1, Nike Geitner1, Niall O’brian1 (1) Duke University, Center for the Environmental 
Implications of NanoTechnology (CEINT), USA 
 
 
Environmental transformations and exposure are key elements in determining the environmental and 
health effects of nanomaterials. The study of nanomaterial impacts on environment, health and safety 
(nanoEHS) has been largely predicated on the assumption that exposure and hazard can be predicted 
from physical-chemical properties of nanomaterials. This approach is rooted in the view that 
nanoöbjects essentially resemble chemicals with additional particle-based attributes that must be 
included among their intrinsic physical-chemical descriptors. The complexity of a system’s effects on 
nanoparticle properties tends to obscure predictive links between intrinsic properties of nanomaterials 
and their impacts. An expedient alternative to directly linking ENM properties to impacts is to focus on 
standardized reproducible measurements of relevant nanomaterial behaviors in relevant systems that 
can inform near-term decision-making.  We refer to procedures that produce such measurements as 
functional assays. 
 
Tools for predicting the environmental behaviour include functional assays that can be used to 
evaluate nanomaterial properties in complex or reference systems. Simulations show that 
nanoparticles introduced in a complex, albeit greatly simplified environment exhibit a wide range of 
behaviors depending on their affinities for each other and their concentrations. The complexity of 
these interactions appears to be governed by the relative affinity of nanoparticles for each other 
(autoaggregation) and with background particles (heteroaggregation) and other native surfaces. A 
functional assay for determining the affinity of nanoparticles for complex mixtures of native particles 
will be presented.  
 
This talk will summarize a series of laboratory and mesocosm studies designed to evaluate such 
interactions. Cases of bioüptake, trophic transfer (Figure 1), material transfer and cycling of 
nanomaterials observed in these experiments will be presented in concert with analysis of the relative 
toxicity of engineered nanomaterials observed to date compared with more conventional 
contaminants. Principles for conducting studies using nano-scale phases in toxicity studies will be 
discussed in the context of transport and transformations of nanomaterials that must be considered. 
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HETEROAGGREGATION OF TITANIUM DIOXIDE NANOPARTICLES WITH SUSPENDED 
PARTICULATE AND NATURAL ORGANIC MATTER ANALOGUES 

 
D. Slomberg1, J. Labille1, A. Pariat1, A. Praetorius2, P. Ollivier3, O. Radakovitch1, N. Sani-Kast4, M. 
Scheringer4,5 (1) iCEINT International Consortium for the Environmental Implication of 
Nanotechnology, Aix-Marseille Université, CNRS, CEREGE UMR 7330, 13545 Aix-en-Provence, 
France (2) University of Vienna, Dept. of Environmental Geosciences, A-1090 Vienna, Austria (3) 
BRGM, 45060 Orléans, France (4) ETH Zurich, Institute for Chemical and Bioengineering, Zurich, 
Switzerland (5) RECETOX, Masaryk University, 625 00 Brno, Czech Republic 
 
The fate of engineered nanoparticles (ENPs) in natural aqueous environments is influenced by ENP 
dispersion/transport and aggregation/deposition related to environmental factors as well as those 
intrinsic to the nanoparticles themselves. For example, at environmentally relevant concentrations 
(μg/L), TiO2 ENPs likely have a higher probability of interacting with suspended particulate matter 
(SPM) and natural organic matter (NOM) present at mg/L to g/L concentrations in natural surface 
waters, rather than with themselves. With both high specific surface area and reactivity, the SPM and 
NOM may act as TiO2 ENP carriers in the water column, strongly affecting their fate and transport via 
the heteroaggregation process. Herein, previously identified and characterized SPM and NOM 
compositions of the Rhone River, a major European river, were used to guide the selection of relevant 
analogues for mechanistic evaluation of TiO2 ENP fate in surface waters. The TiO2 ENPs (μg/L) were 
first spiked into synthetic riverine waters containing one of the main SPM analogues (e.g., quartz, 
calcite, chlorite, feldspar, muscovite). With rapid heteroaggregation and subsequent sedimentation, 
the TiO2 ENPs demonstrated a significant affinity for several of the SPM analogues, especially quartz 
and calcite. In addition to determining the ENP/SPM heteroaggregation kinetics and attachment 
efficiencies, the influence of NOM on the TiO2 ENP fate and behaviour was also assessed. Four 
common families of NOM analogues (i.e., proteins, polyhydroxy aromatics, polysaccharides, and 
amino sugars) were added to the SPM-containing synthetic waters to evaluate the role of NOM on the 
TiO2 ENP compartmentalization. The protein (bovine serum albumin) and polyhydroxy aromatic 
(Suwannee River humic acid) analogues, followed by the amino sugar (N-acetyl-D-glucosamine) had 
the strongest stabilising effects on the system, while enhanced aggregation was observed in the 
presence of the polysaccharide (YAS 34). Together, these mechanistic data, coupled to a river-scale 
fate model, will aid in ranking potential TiO2 ENP fate scenarios and assessing their risk within natural 
aqueous environments. This work was funded by the French National Research Agency and the 
Swiss FOEN as NANOHETER under the frame of SIINN. http://nanoheter.cerege.fr 
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NANOMATERIALS AND CONVERGING TECHNOLOGIES: SCENARIO IN RISK ASSESSMENT, 
SAFETY AND SECURITY BY DESIGN 

  
Ashok Vaseashta1, Antonietta Gatti2 (1) International Clean Water Institute, Manassas, VA USA (2) 
Istituto per lo Sviluppo e la Tecnologia dei Materiali Ceramici- Consiglio Nazionale delle Rìcerche c/o 
Nanodiagnostics, Via E.Fermi 1/L, 41057 San Vito (Modena), Italy 
 
 
From a technology standpoint, nanomaterials offer significant advantages due to their unique 
characteristics resulting from reduced dimensionality. Furthermore, advances in material synthesis 
have provided the means to control or even manipulate the transitional characteristics. Consequently, 
various “designer” materials with desired properties have recently been fabricated. Dual-use nature of 
technology coupled with the ability to functionalize with a plethora of biological configurations pose a 
significant safety and security concerns. Furthermore, a life cycle analysis of nanomaterials is largely 
unknown; and nanomaterials resulting from the laboratories, manufacture, and even incidental events 
pose serious concerns. Too little is known about the release of nanosized by-products from 
nanomaterials-waste after incineration at the end of their life-cycle. As an example, aquatic 
contamination occurs for multiple reasons ranging from taking the water sources for granted, 
negligence in waste disposal, deliberate contamination, and technological innovations outpacing 
development of effective guidelines for life-cycle management and regulations to properly 
recycle/reuse/disposal of commercial nano-products. Notwithstanding such concerns, the beneficial 
uses of nanomaterials offer a challenging scenario for policy-makers, researchers, and industrialists 
alike to propose and implement viable alternatives for sustainable development in terms of keeping up 
with the latest technological innovations, social responsibility, and “being green”. With so much at 
stake, it is prudent to challenge conventional wisdom and investigate a new set of strategies that 
employ nexus of technological innovations, in conjunction with “acceptable” risk assessment and a 
strategic transformation in “use, reuse, and recycle” as effective management tools to address “design 
safety, security, and sustainability”. “Safety and Security by design” employ strategic transformations 
towards ensuring that humans and a safe environment can simultaneously exist on the Earth. We 
have investigated life-cycle-assessment based on the characterization, assessment, and management 
of risk to assess impacts on human and environmental health from a safety and security standpoint. 
We present strategic solutions to a life-cycle-based approach to nanomaterials and potential toxicity of 
nanosized particles using model of the sea urchin Paracentrotus lividus, Zebra Fish and their 
offspring. Passage through membranous barriers via the digestive tract to the coelomic fluid is the 
subject of ongoing study using biomarkers, such as coelomic fluid inside coelomocytes (uptake), 
cholinesterase activity, and using expression of stress-related proteins (HSP70) and Gonads 
morphological features. Aquatic (nano)ecotoxicity is arguably the least understood and requires 
systematic investigation. Ongoing research aims to detect, counter, and mitigate potential security 
threats and is at the core of our current and ongoing investigations, hence we further present a 
strategic thrust to identify, assess, and recommend revolutionary strategic solution pathways using 
field-ready technologies, and foresight tools, already developed by the authors, to offer possible 
solutions pathways.  
 
Keywords – Safety, security, sustainability, nanomaterials, decision support, neural network 
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ENVIRONMENTAL TRANSFORMATION OF CeO2 NANOPARTICLES – ELUCIDATING THE ROLE 
OF DISSOLUTION BY SMART RADIOLABELING 

 
Stefan Schymura1, Thomas Fricke2, Heike Hildebrand1, Karsten Franke1, (1) HZDR, Research Site 
Leipzig, Institute of resource Ecology, Permoser Str. 15, 04318 Leipzig, Germany (2) Vita34 AG, 
BioPlanta, Perlickstr. 5, 04103 Leipzig, Germany 
 
Environmental transformations of nanoparticles (NPs) play a major role in determining their likely fate 
in the environment and the implications for toxicity, mobility and general risk assessment. A main 
question in this context is the dissolution of nanoparticles. If a Nanoparticle dissolves quickly it may be 
treated as ionic species in terms of risk assessment, while particulate species can show different 
tendencies of transport, uptake by organisms and consequently toxicity. Slowly dissolving NPs can 
exhibit a so-called Trojan-horse effect, transporting and releasing ions at places where said ions would 
not have been transported – at least not at the same concentrations - without traveling on horseback, 
i.e. in particulate forms. 
Using different radiolabeling techniques we have investigated the dissolution of CeO2 NPs. Through 
activation by proton bombardment using a cyclotron we have radiolabeled CeO2 NP with radioactive 
139Ce via a (p,2n) nuclear reaction from 140Ce to 139Pr followed by the decay of 139Pr to 139Ce. Here the 
radiolabel can be assumed to be uniformly distributed in the resulting [139Ce]CeO2 NP. In contrast to 
this we also have produced [139Ce]CeO2 NP using an in-diffusion technique where ionic radioactive 
139Ce diffuses into the NPs at elevated temperatures. Here the radiolabel is located close to the 
surface of the NPs. This results in different leaching kinetics of 139Ce for the two batches of 
[139Ce]CeO2 NP (Fig. 1). The comparison of the different rates allows us to calculate that about 47 % 
of the 139Ce introduced by in-diffusion is located in the first atomic layer of the CeO2 NP. We can show 
that dissolution plays an insignificant role under environmentally relevant conditions with leaching 
rates well below 1 % of Ce. However, this still reflects significant changes of the surface of the CeO2, 
as a dissolution of only 1.5 % corresponds to a complete removal of the first atomic layer. 
Furthermore, using the differently labeled [139Ce]CeO2 NP we can show that the uptake of Ce into 
plants when exposed to CeO2 NP is mainly an uptake of particulate CeO2 rather than dissolved ionic 
Ce. 
 
 

 
 

 

Fig. 1: Leaching kinetics at pH 3 of 139Ce from activated [139Ce]CeO2 NP (squares) and [139Ce]CeO2 
NP produced by in-diffusion (diamonds). 
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NANOPARTICLE DEPOSITION ON A SURFACE COLONISED BY BACTERIAL 
POLYSACCHARIDE 

 
Yuliya Dzumedzey1, Jerome Labille1, Bernard Cathala2, Celine Moreau2, Catherine Santaella3, 
(1) CEREGE, Aix-Marseille University – Europôle Méditerranéen de l’Arbois - BP 80 13545 Aix-en-
Provence, France (2) INRA BIA – rue de la Géraudière – BP 71627 44316 Nantes, France (3) 
LEMIRE – CEA Cadarache 13108 Saint Paul Lez Durance, France 

 
During last years, the increase in the production of manufactured nanomaterials and in the number of 
their applications in commercial products has lead to an emerging concern regarding their potential 
impact. Nanomaterials may release into the environment some nanoscale residues such as 
nanoparticles (NPs) that may pose a risk depending on their exposure and hazard. The mobility and 
fate of NPs in the environment drive the exposure aspect. Heterogeneities in the continuity and 
composition of the aqueous environment, e.g. suspended particulate matter, porous media, constitute 
as many natural collector surfaces that will possibly interact with NPs and influence their further 
mobility and behavior. Thus, it is crucial to be able to estimate the affinity of the NPs for such surfaces.  
Moreover, in humid environment, most of the mineral surfaces are coated with biofilms (a self-
produced matrix of extracellular polymeric substance, EPS), which may act as a natural porous and 
organic substrate retaining or repelling the NPs. The actual effect of the EPS substrate on the NP fate 
depends on the NP affinity for these organic components. 
The objective of this study was to study the effect of an organic EPS coating on a collector surface on 
the affinity and deposition of TiO2 NPs. The collector used was SiO2 pure or coated with a 
polysaccharide layer. In our approach, NP deposition was studied under favorable or unfavorable 
conditions. This was achieved by changing the electrostatic interactions with the collector from 
attractive to repulsive, through NP coatings (bare or PAA-coated), pH (< pHIEP, > pHIEP) and salt 
concentration. The affinity of the NP for the EPS and SiO2 was studied by deposition on the surface in 
different conditions utilizing Atomic Force Microscopy (AFM) and Quartz Crystal Microbalance with 
Dissipation (QCM-D). 
Our results show that the physicochemical conditions influence strongly the mode of NP deposition. 
Under attractive interaction, the NP deposit density increased with the ionic strength for both collector 
surface types. This was due to the decreasing electrostatic repulsions between neighbour 
nanoparticles. Higher deposition was also evidenced on the mineral collector in comparison with the 
EPS coated one in the same conditions. This was certainly due to the roughness of the EPS layer, 
which decreased the stability of the NP layer. The thickness analysis of the NP deposit on the 
substrate revealed that multilayer was never formed.  
Under repulsive electrostatic interactions between the NP and the EPS-coated collector, an 
unexpected NP deposition, partially reversible, was measured. This was probably due to the EPS 
swelling that favoured mechanical catchment of the NP. 
The sticking efficiency resulting from the affinity of NPs to the substrate as finally calculated from 
QCM-D data.  
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SILVER NANOPARTICLE INTERACTIONS DURING WASTEWATER TREATMENT DETERMINE 
THEIR ENVIRONMENTAL PATH 

 
Geert Cornelis1,2, Nils-Petter Sköld1, Anna-Maria Forsberg-Grivogiannis1, Jenny Perez-Holmberg1, 
(1) Gothenburg University, Department of Chemistry and Molecular Biology, Kemivägen 10, 41296 
Göteborg, Swden (2) Swedish University of Agricultrual Sciences, Department of Soil and 
Environment, Lennart Hjelms väg 9, 75651 Uppsala, Sweden 
 
 
A wastewater treatment plant (WWTP) poses a crucial step in the lifetime of a nanoparticle (NP) after 
it has been emitted in the environment, e.g. via industrial wastewater. The NP behaviour in WWTP, 
especially the interaction with biosolids, determines the extent by which NPs are transported to 
aquatic systems via the effluent or be transported towards soils or incineration plants via the sludge. 
 
The effect of size and coating of silver NP (Ag NP) on their fate in WWTP was investigated, more in 
particularly, the effect of these NP properties on partitioning to biosolids and the following effects on 
sedimentation, using batch tests and microcosms using WWTP fractions sampled from a local WWTP. 
Batch-scale kinetic batch studies showed pronounced effects on attachment/detachment kinetics that 
varied with the degree of shear imposed on the systems as well as the concentration of total 
suspended solids. A sedimentation step after interaction with biosolids (See figure below), showed 
that the relatively smaller NP (ca. 20 nm) sedimented slower on a mass basis compared to relatively 
larger particles (80 nm). Different NP coatings (citrate or polyethylene glycol), however, did not result 
in different sedimentation speeds and neither did varying ionic strength prior to sedimentation. Even 
though increasing total suspended solids resulted in faster attachment kinetics in batch experiments, it 
decreased mass-based sedimentation rates during sedimentation experiments (see figure below).  
The persistence of smaller particles in WWTPs was also observed during microcosm tests where the 
number concentration and size of 40 nm Ag spiked into WWTP was monitored during an anaerobic 
aerobic, and sedimentation treatment. Smaller particles appeared, most likely freshly precipitated 
Ag2S NP, and persisted throughout the treatment whereas the 40 nm Ag NP decreased strongly in 
concentration.  
 
Modelling assuming a hard-sphere approach encountered many difficulties suggesting a more 
advanced approach is required for full quantitative modelling, but it is argued that the high 
characterization requirements of such a model combined with the high variability of WWTP sludge and 
waste waters would not allow constructing a useful consistent predictive model. However, the current 
study qualitatively suggests that smaller particles would be transported more to aquatic environments 
compared to relatively larger particles that attach strongly to sludge and thus settle in the WWTP 
clarifier. The latter fraction is deposited on soils together with sludge in some countries, or is 
incinerated or landfilled. NP size thus appears to have an important effect on the pathways of NP in 
the environment. 
 

a b 
Sedimentation experiments with differently sized (28 nm or 80 nm) and coated (“Cit” = citrate coating; 
“PEG” = polyethylene glycol coating) NPs using WWTP sludge a) as collected and b) having twice the 

total suspended solids concentration. 
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BIOFILM FORMATION AND BIODEGRADATION OF CARBON NANOTUBE/POLYMER 
NANOCOMPOSITES 

 
Howard Fairbrother1, David G. Goodwin Jr.1, Duc Phan1, Zehui Xia1, Iruhany Boyer Sosa2, Thomas 
Devahif3, Tucker Gordon1, Xier Lu1, Leo Kuwama1, and Ed J. Bouwer1, (1) Johns Hopkins University – 
3400 N. Charles St., Baltimore, MD. USA (2) Instituto Venezolano de Investigaciones Cientificas 
(IVIC) –  Carretera Panamericana, Km 11, Altos de Pipe, Miranda, Venezuela (3) University of Namur, 
– Rue de Bruxelles 61, 5000 Namur, Belgium 
  
 
Carbon nanotubes (CNTs) are being incorporated into polymers to enhance thermal, electrical, and 
mechanical properties. For this reason, CNT/polymer nanocomposites (CNT/PNCs) are increasingly 
being manufactured for use in consumer products. After consumer use, CNT/PNCs will be disposed of 
and encounter microorganisms in landfills, surface waters, and wastewater treatment plants where 
material transformation and CNT release are possible. In these environments, the ultimate fate of 
many CNT/PNCs will be determined, in part, by biodegradation of polymer chains to lower molecular 
weight products and eventually small molecules such as CO2, CH4, and water. 
 
As the initial step in microbial interactions with PNCs, the impact of CNTs on biofilm development, was 
investigated. Since CNT/PNCs can have different surface characteristics that include CNTs at the 
surface, below the surface, or gradually accumulating at the surface due to polymer degradation, 
biofilm development was analyzed in all three cases with the same polymer matrix, poly-ɛ-
caprolactone (PCL) and Pseudomonas aeruginosa (P. aeruginosa), a model microorganism. Under 
both drip flow and static conditions, to simulate flowing or stagnant water in the environment 
(respectively), biofilm development on CNT/PNCs was followed using a LIVE/DEAD staining assay 
coupled to confocal laser scanning microscopy (CLSM). The results of this study demonstrate that 
when CNTs are buried below the surface, healthy biofilm formation occurs, while the antimicrobial 
properties of CNTs become apparent as the CNTs accumulate at the surface due to polymer 
biodegradation or weathering. However, in all cases, viable biofilm formation continues to occur once 
a full dead (red-fluorescent) layer of cells has coated the CNT/PNC surface, indicating that CNT/PNCs 
retard but do not prevent biofilm development.  
 
In the second phase of this presentation I will discuss how CNT inclusion modifies polymer 
biodegradation. Two biodegradable polymers, PCL and polyhydroxyalkanoates (PHA) were used as 
the polymer matrices to accelerate biodegradation. CNT/PNCs containing varied CNT loadings (0.1 – 
10% w/w) were degraded using P. aeruginosa and biodegradation was tracked using gravimetric 
measurements and SEM imaging before and after transformation. Supernatants were also analyzed 
for CNT release using single particle ICP-MS. In single cultures, both oxidized and pristine CNTs have 
an inhibitory effect on polymer biodegradation rates, with a magnitude dependent on CNT loading in 
the polymer. As the polymer biodegrades a CNT “mat” forms at the surface. The use of single versus 
mixed cultures, aerobic versus anaerobic biodegradation, and polymer type were also investigated. 
Our results indicate that that the inhibitory effect of CNTs on biodegradation becomes more or less 
apparent depending on polymer type and environmental conditions. The generalizability of the results 
as well as the implications for CNT/PNC use in consumer products will be discussed.  
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STANDARDIZED ANALYSIS OF MORPHOLOGY & TOXICOLOGY EFFECTS IN FRESHWATER 
ORGANISMS (D. RERIO EMBRYOS & D. MAGNA) TO NANO-CARRIER EXPOSURE 

 
 
Andrew Reynolds1, Dr Gordon Chambers2, (1,2) Focas Institute – Dublin Institute of Technology (DIT) 
Kevin’s Street, Dublin 8, Ireland  
 
There is a significant interest in the application of nano-carriers (commonly porous nano-particles filled 
with an active ingredient) as a means of utilizing relatively small quantities of active ingredients with 
equal effect to their bulk counterparts. Many industries, such as medical research, agriculture & 
electronics are interested in using nano-carriers as an attempting to decrease quantities of the active 
components to save on high production costs and/or to reduce toxicity effects from certain chemicals 
(chemo-therapeutics, pesticides, solar-cell production, etc.). Most research into the field of nano-
toxicology is heavily focused on analysing specialised nano-particles or active compounds within 
nano-carriers being applied with clinical precision to distinct tissues or organisms, only trying to detect 
extremely specific effects. However there is a lack of research into the broad potential for toxicology 
and mutagenic hazards from the various nano-carriers themselves if they were release into the 
environment as production/application effluence. The primary research aim being conducted aims to 
determine the possibility of a standardised and relatively universal analytical method can be generated 
to analyse the detrimental toxicity and morphology effects of different nano-carriers in comparable 
circumstances to being released into a freshwater environment. 
 
Young common water-fleas (Daphnia Magna) and Zebrafish (Danio Rerio) embryos were chosen as 
both species are used extensively is environmental research, as well as providing two comparably 
principal organisms within a freshwater food chain. Initial tests would be run on specialised fluorescent 
polystyrene nano-spheres to simplify confirmation on initial detection techniques. Each species would 
be exposed to the polystyrene nano-carriers at varying concentrations under comparable 
circumstances to freshwater tainted with nano-carrier effluent run-off and analysed using 
spectroscopic and microscopic techniques, notable Raman spectroscopy, stereo-microscopy and 
Aqua-photomics. The resulting information should discern at what concentrations the nano-carrier 
caused morphologic or toxicological effects, and the data could then be used to create effluence 
concentration standards for this form of nano-polystyrene. After successes have been made using 
nano-polystyrene, further nanoparticles would be tested using the same procedures to determine the 
consistency of results. A further aim from this project include providing analytical techniques designed 
to have the minimum application of any unnecessary invasive methods such as dissection or wax-
fixation as these processes can cause significant inconsistencies in bulk organisms and are time 
consuming. Once finalised the analytical methods could then be applied towards various companies, 
who could supply their nano-carrier for analysis and standards could be made to cover numerous 
industries sectors, significantly limiting the risk to the environment. 
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IN VITRO STUDY OF SYNTHESIS, CHARACTERIZATION OF ZNO NANOPARTICLES AND 
EVALUATION THEIR IMPACT ON GROWTH, METABOLISM AND TISSUE SPECIFIC 

ACCUMULATION IN BRASSICA JUNCEA 
 
Gyan Singh Shekhawat and S. Rao, (1) Department of Botany, Jai Narain Vyas University, Jodhpur 
342001, Rajasthan, India 
 
 
Phytotoxicity of engineered nanoparticles (ENP) is growing concern of scientific community and 
become most urgent need as ENP’s can adhere to plant roots and exert physical, chemical and 
genotoxicity on plants and other living organism. Hence it is important to study links between the 
characteristics of engineered nanoparticles (e.g. surface area, particle size, surface activity) with 
phytotoxicity. Moreover, scientific investigation on plant uptake and accumulation of engineered 
nanoparticles (ENPs) is still in its rudimentary stage, so it is also essential to trace the signaling 
pathway of nanoparticle in plant system. In view of its environmental significance, the present work is 
focused on synthesis and characterization of ZnO nanoparticles (by UV-Vis, SEM and TEM) and   their 
uptake, tissue specific accumulation in Brassica juncea is done, study also evaluated phytotoxicity and 
genotoxicity of ENP (ZnO).   
The seed were germinated under hydroponic condition with a varying concentration of ZnO ENPs (0 to 
1500 mg/l) for 96 h. Significant decrease in plant biomass was recorded with gradual increase in 
proline content and lipid peroxidation (up to 1000 mg/l). Estimation of the antioxidant enzyme [catalase 
(CAT), ascorbate peroxidase (APX), glutathione reductase (GR) and superoxide dismutase (SOD)] 
activities in different plant tissues was done, and bioaccumulation of ZnO ENPs was also recorded. 
ZnO caused a significant effect due to their accumulation along with the generation of reactive oxygen 
species in plant tissues, thus signifying its hazardous effect on B. juncea. 
 
 

 

 

Tissue specific accumulation of ENP(ZnO) : SEM images of ZnO treated leaves of B. juncea  

(a) control, (b) 200 mg/l, (c) 1000 mg/l and (d) 1500 mg/l. 
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AGING EFFECTS ON THE TOXICITY OF SILVER NANOPARTICLES WITH VARYING 
PROPERTIES TO SOIL BACTERIA IN ARTIFICIAL MEDIA AND SOIL PORE WATER  

 
Carolin L. Schultz1*, Joanna Gray2*, Marianne Matzke1, Claus Svendsen1, Liz Shaw2, Elma Lahive1, 
(1) Centre for Ecology and Hydrology, Maclean Building Benson Lane, Crowmarsh-Gifford, 
Wallingford OX10 8BB, UK (2) Reading University, Dept. Geography and Environmental Science 
Reading, RG6 6DW, UK  
 
* both authors have contributed equally 
 
 
Engineered nanoparticles (NPs) that enter the soil environment are likely to undergo various 
transformations such as dissolution and sorption processes due to their high reactivity. Such 
transformations can affect their chemistry and surface properties which can in turn influence their 
bioavailability and toxicity. It is therefore important to consider the effect of aging in relation to 
environmental conditions and NP properties in order to understand how (nano) Ag is presented to, and 
taken up by, organisms. In this study we exposed two soil bacteria Arthrobacter globiformis and 
Pseudomonas putida to Ag NPs with different chemistries and surface coatings in an artificial test 
medium (ISO 10712, 1995) and soil pore water extracts from a natural soil adjusted to two different 
pHs (pH 4.8 vs. 7.2). Three tested NPs were bare (Ag-bare), PVP-coated (Ag-PVP) and sulphidised 
(Ag2S) Ag NPs, all 50 nm in diameter; AgNO3 was used as an ionic control mimicking complete 
dissolution. In each case unaged Ag exposures were compared to those of Ag aged for 24 h in the 
respective media to investigate the contribution of the dissolved fraction to the toxicity of each NP 
under the given exposure scenario. This approach allowed for comparison between different bacterial 
species (Gram + vs. Gram -), different Ag types and artificial test media vs. pore water extracts from 
natural soils. Further the effect of soil pH and of NP aging on toxicity were investigated, thus 
developing a foundation for a systematic read across approach between the different test design 
parameters. A. globiformis was found to be more sensitive than P. putida to all Ag types. A 
comparison of the Ag exposures showed that toxicity in the test medium was ranked AgNO3 > Ag-PVP 
> Ag-bare > Ag2S. These observations are in accordance with published literature where generally 
AgNO3 is found to be the most and Ag2S the least toxic compared to metallic nanoAg. In soil pore 
waters a similar order was found, however, differences in toxicity between the two metallic Ag NPs 
(Ag-PVP, Ag-bare) largely disappeared indicating coating-independent transformation processes and 
effects. Throughout, Ag2S did not induce toxicity at the tested concentrations (up to 25 mg Ag/l). 
Comparison between pore water extracts showed that with decreasing pH there was an increase in 
AgNO3 toxicity for both aged and unaged exposures, whereas Ag-PVP toxicity decreased in unaged 
exposures and remained stable when aged. The effect of Ag-bare and Ag2S on bacterial growth was 
found to be independent of soil pH. Aging of Ag NPs in the artificial medium showed that the 24 h 
dissolved fraction was less toxic than for unaged NPs indicating their incomplete dissolution. To 
validate this hypothesis GF-AAS analysis of total and dissolved Ag concentrations is currently 
ongoing. In the pore water extracts the dissolved fraction of any tested NP at either pH did not induce 
toxicity, however, aging did increase toxicity of in the pore water (total). Thus the observed increased 
toxicity can be attributed to a particle specific effect. Together this data showed that while results 
obtained from standard tests in artificial media under pristine conditions can be extrapolated with 
respect to the ranking of toxic effects of ionic, metallic and sulphidised Ag, the introduction of variables 
such as aging and varying environmental conditions makes read across efforts between different 
exposure scenarios challenging and needs further systematic study. 
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DECIPHERING THE RESPONSE OF CANOLA PLANT MICROBIOME TO NANOMATERIALS  
 
C. Santaella1,2, M. Hamidat1,2, B. Collin1,2, M. Barakat1,2, P. Ortet1,2, J. Rose2,3, JY Bottero2,3, W. 
Achouak1,2, (1)  Aix-Marseille Université, CEA, CNRS, Biosciences and biotechnology Institute of Aix-
Marseille BIAM, DRF, UMR 7265,  LEMIRE, CEA Cadarache, St-Paul-lez-Durance, France (2) GDRi 
iCEINT, international Consortium for the Environmental Implication of Nanotechnology, CNRS-Duke 
University, Aix-en-Provence, France (3) Aix-Marseille Univ, CNRS, IRD, CEREGE UM34, UMR 7330, 
13545 Aix-en-Provence, France  
 
 
Conservatively estimates of the worldwide production of nanomaterials (NMs) reach 270,000 tons, for 
potential applications in electronics, energy, medicine, chemicals, coatings and catalysts1. Modeling of 
the environmental exposure to engineered nanomaterials (ENMs) shows that soils are critical sinks for 
ENMs2. However, current knowledge about the impacts of NMs on soil-based ecosystems comes from 
exposure to concentrations that are far from those predicted in soil or even in biosolids 
In soil, microbial communities provide critical ecosystemic services including nutrient mineralization 
and cycling. At the contact zone with soil, plants host a unique root-associated microbiota that 
contributes to plant growth and health, and is conceptually related to the gut microbiota of animals3. 
When grown in diverse soil types, whatever the differences in the soil community composition, the 
plant selects a core set of microbial taxa, referred as the core root-microbiome. The specific 
interactions between plants and their microbiome could be disrupted by the presence of ENMs in soil.  
We have examined the impact of different NMs based on metal oxide and carbon based NMs on a 
simple-track terrestrial system based on a microbe-soil-plant setup, considering plant and microbes as 
an entity4. The NMs were added to the soil at 1 mg.kg-1, a concentration close to the present maximal 
estimations of NMs concentration in soils through modeling. The plant selected was Canola (Brassica 
napus), an oil-producing plant. We examined the response of three different compartments composing 
the system, i.e. the unplanted soil, the rhizosphere and the plant roots. We analyzed microbial 
enzymatic activities for carbon, nitrogen, phosphorus cycling and the microbial community structure by 
sequencing of 16S rRNA gene. As proxy of the plant host’s response, we examined the activities of 
enzymes involved in the antioxidative system, which is a primary response of plants to stress. 
The presentation will focus on how different types of NMs distinctively modify microbial activities and 
microbial community structure5, with an emphasis on the core root microbiome, according to the 
chemistry and physico-chemistry of the NMs.  We will provide some leads in how the design of the 
NMs can modulate their impact on plant-bacteria based system. 
 
The authors thank the CNRS for financial support through funding the GDRi-iCEINT, the French ANR 
for funding the ANR-10-NANO-0006/MESONNET project and the Labex Serenade (ANR-11-LABX-
0064) funded by the “Investissements d’Avenir” French Government program of the French National 
Research Agency (ANR) through the A*MIDEX project (ANR-11-IDEX-0001-02). 
 
 
 
1. Future Markets, Inc (2012) The Global Market for Nanomaterials 2002-2016: Production Volumes, 
Revenues and End User Market Demand. http://www.researchmoz.us/the-global-market-for-
nanomaterials. 
2. Nowack B., Ranville J. F., Diamond S., Gallego-Urrea J. A., Metcalfe C., Rose J., ... & Klaine S. J., 
Potential scenarios for nanomaterial release and subsequent alteration in the environment. 
Environmental Toxicology and Chemistry 2012, 31, 50-59. 
3. Schlaeppi K., Dombrowski N., Oter R. G., van Themaat E. V. L., Schulze-Lefert P., Quantitative 
divergence of the bacterial root microbiota in Arabidopsis thaliana relatives. Proceedings of the 
National Academy of Sciences 2014, 111, (2), 585-592. 
4. Vandenkoornhuyse P., Quaiser A., Duhamel M., Le Van A., and Dufresne A., The importance of the 
microbiome of the plant holobiont. New Phytologist 2015, 206, 1196-1206. 
5. Hamidat, M., Barakat, M., Ortet, P., Chaneac, C., Rose, J., Bottero, J.-Y., Heulin, t., Achouak, W., 
and Santaella, C., Design defines the effects of nanoceria at a low dose on soil microbiota and the 
potentiation of impacts by canola plant. Environmental science & technology 2016 (ahead of print).
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DEGRADATION OF BIS-4-NITROPHENYL PHOSPHATE USING ZERO-VALENT IRON 
NANOPARTICLES 

 
Maiby Valle-Orta1, David Díaz2, Inti Zumeta Dubé2 and Rubén Saldivar Guerrero1, (1) Centro de 
Investigación en Química Aplicada, Blvd. Enrique Reyna Hermosillo No. 140 C.P. 25294 Saltillo, 
Coahuila/ México (2) Universidad Nacional Autónoma de México, Facultad de Química, Ciudad 
Universitaria, Ciudad de México, Coyoacán, C.P.04510/ México 
 
 
Phosphate esters are employed in some agrochemical formulations and have long life time in the 
Environment. They are neurotoxic to mammals and it is very difficult to hydrolyze them. It is easy to 
find papers in the literature dealing with transition metal complexes used in the hydrolysis processes 
of organophosphorous compounds. However, there are few reports related with degradation of 
phosphate esters with inorganic nanoparticles. In this work bis-4-nitrophenyl phosphate (BNPP) was 
used as an agrochemical agent model. The BNPP interaction with zero-valent iron nanoparticles (ZVI-
NPs), in aqueous media, was searched. The concentration of BNPP was 1000 times higher than the 
ZVI-NPs concentration. The average size of the used iron nanoclusters was 10.2 ± 3.3 nm. The BNPP 
degradation process was monitored by means of a new and adhoc UV-visible method. Initially, the 
BNPP hydrolysis happens through the P-O bonds breaking-off under the action of the ZVINPs. 
Subsequently, the nitro groups were reduced to amine groups. The overall process takes place in 10 
minutes. The reaction products were identified employing standard substances in adequate 
concentrations. The iron by-products were isolated and characterized by X-RD. These iron derivatives 
were identified as magnetite (Fe3O4) and lepidocrocite (γ-FeOOH). Both iron by-products are 
environmental friendly compounds since they are widely distributed in the Earth’s crust. A suggested 
BNPP degradation mechanism will be discussed. 
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NANOMED, SO SMALL, SO USEFUL 
 
Patrick Boisseau1, (1) CEA-LETI, 17 rue des martyrs – 38054 Grenoble cedex 9 - France  
 
 
Nanomedicine is the application of nanotechnology to achieve innovation in healthcare. It uses the 
properties developed by a material at its nanometric scale 10-9 m which often differ in terms of 
physics, chemistry or biology from the same material at a bigger scale. 
Moreover, the nanometric size is also the scale of many biological mechanisms in the human body 
allowing nanoparticles and nanomaterials to potentially cross natural barriers to access new sites of 
delivery and to interact with DNA or small proteins at different levels, in blood or within organs, tissues 
or cells. 
 
Nanomedicine has the potential to enable early detection and prevention and to drastically improve 
diagnosis, treatment and follow-up of many diseases including cancer but not only. Overall, 
Nanomedicine has nowadays more than 70 products under clinical trials, covering all major diseases 
including cardiovascular, neurodegenerative, musculoskeletal and inflammatory. Enabling 
technologies in all healthcare areas, Nanomedicine is already accounting for marketed products, 
ranging from nano-delivery and pharmaceutical to imaging, diagnostics and biomaterial. 
As any medical devices or drugs, nanomedicines are strictly regulated and have to follow thorough 
characterization, toxicity assessment and multi-stage clinical trials before benefiting patients with their 
whole potential. 
 
Nanomedicine is understood to be a key enabling instrument for personalized, targeted and 
regenerative medicine by delivering the next level of new drugs, treatments and implantable devices to 
clinicians and patients, for real breakthroughs in healthcare. 
Beyond that, Nanomedicine provides important new tools to deal with the grand challenge of an 
ageing population and is thought to be instrumental for improved and cost effective healthcare, one 
crucial factor for making medicines and treatments available and affordable to all. 
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THE EUROPEAN NANOMEDICINE CHARACTERIZATION LAB INFRASTRUCTURE 
HOW CAN STAKEHOLDERS ACCESS EUNCL? 

 
Simon Baconnier1, (1) CEA-LETI, 17 rue des martyrs – 38054 Grenoble cedex 9 - France  
 
The use of nanotechnologies in healthcare promises to tackle major medical challenges. However, the 
manufacturing process of nanomedicines is potentially complex and inconsistencies must be carefully 
assessed before clinical applications can be considered. Furthermore, safety concerns related to the 
use of nanomaterials must be addressed as early as possible during product development.  
The European Nanomedicine Characterization laboratory (EU-NCL) will address these issues by 
providing the critical infrastructure and characterization services required to analyze physical and 
chemical attributes, in vitro biological properties, and in vivo characteristics of nanomedicines under 
development. 
The EU-NCL services will be accessible to all organizations developing candidate nanomedicines, 
whatever the development maturity. Product developers will benefit from a detailed and confidential 
characterization data set that supports their decision making for further product development 
As the First Call for access campaign has been recently completed, we will present you the access 
procedures, what should be a successful application, the lessons learned and the evolution to be 
implemented in the future Call campaigns. 
 
Characterization plan access procedures 
The EU-NCL characterization process will be conducted by the Core Expert Team (CET), a group of 
nanoparticles and nanomedicine experts within top-level European institutions using high-end 
methods. The Core Expert Team (CET) will be in charge of validating the adequacy of the sponsor 
proposal, material and development strategy and the EU-CNL capacities and to define the most 
relevant characterization plan to be performed to provide the most reliable and relevant data-set for 
future development. 
 
The access selection is organized in a two steps process: 
A first submission step based on a light proposal intended to give EU-NCL external and internal 
reviewers an overview of the strategy, without requiring investigators to prepare costly, time-
consuming proposals. This format will allow to briefly describe the background, the strategy or the 
concept of action of the innovative nanomedicine, a synthesis of the already accessible 
characterization data, a description of the innovation, the clinical impact and a scale-up compatibility 
description, in vitro and in vivo testing data. 
In case of success at the first step the sponsor will be invited to submit a second step proposition. The 
level of details requested for the second step application is much higher and will be evaluated against 
more stringent criterion. 
To fulfill its advisory role, the EU-NCL will feedback to the sponsors successful or not. The objective is 
to motivate and support the sponsor to submit again in case of failure. 
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The selection process should not exceed 75 days after which the material transfer should start in 
accordance with the characterization plan and agreed sample typology and quantity. 
 
The successful application profile 
There is no best sponsor profile, actually, any Med-NP provider, including Industry, academia or 
government agencies, can apply to the EU-NCL services. But there are best applications. 
Actually, some critical information should be detailed in the submission process among which the 
Med-NPs initial characteristics including inherent toxicity, or previous physico-chemical 
characterization data. 
 
In addition, the Med-NP manufacturing environment should be fully mastered by the sponsor. Actually, 
two independent product batches will be requested. The detailed production process description and 
the related scaling up strategy should be described 
Finally, the application should include a demonstrated efficacy in a biological system as well as the 
strategy to transfer the technology to the clinical environment and an anticipated impact on clinical 
application. 
 
Globally, the maturity of the product as well as the production management and the anticipation of the 
translation to the patients will be accurately assessed. 
 
The lessons learned 
After only one year of existence, EU-NCL, the integrated nanomedicine characterization laboratory 
gathering 6 European institutions’ expertise and capacities, has launched its first call for access. 
As opposed to the NCI-NCL, our US cousin expert nanocharacterization infrastructure, EU-NCL is 
distributed among Europe. This unique shared infrastructure offers large variety of characterization 
techniques and equipment within a very heterogeneous legal and administrative environment.  
One of the first lessons learned has been to work under a consensual framework, implying that a 
harmonized legal and administrative process had to be developed for decision-making easiness. 
Another lesson learned, was to integrate the extensive diversity in the type of material to be analyzed. 
Actually, considering that the Med-NPS to be characterized can be organic, inorganic, metallic, drug 
associated or loaded, with therapeutic or diagnostic objectives, targeting specific target, charged or 
not, the EU-NCL partners will have to be able to adapt and optimize the characterization plan strategy 
and capacities. 
 
Finally, one of the most important lessons learned from our close collaboration with the NCI-NCL is the 
strong need from sponsors for quality data produced through standardized methodologies in 
accordance with established standards and controls. The very stringent analysis framework is the only 
way to provide top quality data to the future providers of patients’ innovative treatments and diagnostic 
tools. 
 
The evolution to be implemented in the future call campaigns. 
Considering the strong awareness EU-NCL is raising, we will have to push forward the access 
strategy. Its is planed to make it more flexible and have open calls with bi-annual review sessions 
(April and October). The objective is to allow early stage product a better visibility to access EU-CNL 
characterization capacities and facilitate the interactions with potential sponsors within a continuous 
stream. 
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COMPARISON OF SAMPLE PREPARATIONS FOR TEM OBSERVATIONS OF LIPID 
NANOPARTICLES (LIPIDOTS®) 

 
A. Arnould1, M. Bacia2, F. Caputo3, A.C. Couffin3, B. Gallet2, C. Matei3, R. Soulas1, J.F. Damlencourt1, 
(1) CEA-LITEN, MINATEC Campus, F-38054 Grenoble, France (2) IBS, EPN Science Campus,        
F-38044 Grenoble, France (3) CEA-LETI, MINATEC Campus, F-38054 Grenoble, France 
 
Lipid nanoparticles (lipidots or liposomes for example) can be used in medicine as drug nanocarriers. 
Their core-shell structure allows the functionalization of these nanoparticles using antibodies, peptides 
or proteins. The main aim of this targeting is to reduce the drug toxicity occurring during treatment. 
Such nanoparticles are currently used to treat breast cancer [1]. Further applications as fluorescent 
agent carriers for in-vitro and in-vivo diagnostics are also considered [2]. To have a better 
understanding of the effectiveness of these nanoparticles, characterization of these objects is 
required. Classical imaging in TEM mode leads to many issues as dehydrating, agglomeration and 
lack of contrast. Thus, optimal sample preparation is mandatory. 
In this study, several preparation methods have been tested to determine the most appropriate one for 
TEM observations and 3D electron tomography acquisition. F80-Lipidots (expected diameter 80nm) 
have been synthetized at CEA-Grenoble using ultrasound or high pressure homogenization 
technologies [3]. TEM micrographs were taken using a FEI Tecnai Osiris having a cryo operating 
mode and working at 200kV. It is also equipped with four EDX detectors and a GIF for chemical 
analysis. 
These particles were firstly observed by classical imaging (droplet drying) with and without negative 
staining. It appeared that the staining remarkably improved the contrast of the nano-objects which 
appeared to have a circular shape. Nevertheless, Lipidot size determination was difficult due to 
aggregation phenomena during drying procedure. This method needed to be complemented by cryo-
microscopy an in-situ. 
A cryo-technique was used to ensure the preservation of the samples in their native state. Rapid 
freezing in ethane on C-Flat grids after blotting was performed thanks to a FEI Vitrobot. Its settings 
(blot force and blot time) were adjusted to obtain vitrified films with a controlled thickness. Ice 
thickness was firstly determined thanks to EELS and EFTEM [4]. It showed that the ice is thinner in the 
center of the grid holes (Fig. 1). This could be a problem if this thickness is thinner than the particle 
size. Indeed, in that case, the particles tend to concentrate next to the carbon film of the grid (Fig. 2) 
and make it difficult to record tomography images. 
The Nano Characterization Platform recently achieved an in-situ liquid TEM holder. It permits to avoid 
preparation artefact and to observe particles in their native state without any change in temperature 
but the beam radiations. The thickness of the liquid film is controlled by an extra matter between two 
chips. This method should be the one which gives the best results.  
The pros and cons of different sample methods (simplicity, reproducibility and reliability) will be 
discussed and results in what concerns the shape and the size of the particles will be compared. 
These results will be correlated with other techniques for size measurement at the nanometric scale 
such as DLS. 

KEYWORDS 
Lipid nanoparticles, TEM, cryo-microscopy, sample preparation, in-situ 
REFERENCES 
[1] Ranson, M. R. et al. (1997). Journal of Clinical Oncology, 15(10), 3185-3191. 
[2] Gravier, J. et al. (2011). Journal of biomedical optics, 16(9), 096013-096013. 
[3] Delmas, T. et al. (2011). Journal of colloid and interface science, 360(2), 471-481. 
[4] Malis, T., Cheng, S. C., & Egerton, R. F. (1988). Journal of electron microscopy technique, 8(2), 
193-20 
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CORONA INTERACTOME: A KEY FOR DECIPHERING PROTEIN ADSORPTION KINETICS ON 
SILICA NANOCARRIERS 

 
 
Cédric Pisani1,2, Jean Charles Gaillard2, Michaël Odorico3, Jeff L. Nyalosaso1, Clarence Charnay1, 
Yannick Guari1, Joël Chopineau1, Jean Marie Devoisselle1, Jean Armengaud2, Odette Prat2, (1) Institut 
Charles Gerhardt de Montpellier, UMR 5253 CNRS-ENSCM-UM, 34095 Montpellier, France 
(2) CEA, Direction de la Recherche Fondamentale, Site de Marcoule, 30207 Bagnols-sur-Cèze, 
France (3) Institut de Chimie Séparative de Marcoule, UMR 5257 CEA-CNRS-ENSCM-UM, Site de 
Marcoule, Bagnols-sur-Cèze, France 
 
 
Magnetic mesoporous silica nanoparticles (M-MSNs) represent promising targeting tools for cancer 
diagnostic and therapy. In biological systems, nanoparticles interact with proteins and form a layer 
named "corona" that drives their biological fate and toxicity. The corona around NP creates a new 
nano-object, whose interactions with living cells are different from those induced by the pristine NPs. 
We have investigated the behavior of adsorbed proteins around M-MSNs with two biological fluids, 
fetal bovine and human sera. The first one is interesting for in vitro toxicology and the second for in 
vivo diagnosis and therapy. Thereby, after a quantification of protein adsorption on these M-MSNs by 
BCA assay over time, we qualified these adsorbed proteins by high throughput comparative 
proteomics during long term kinetics. We observed an increase of the protein layer with both serum 
types from 30 seconds to 7 days of contact by both techniques. During this kinetics, the growth of the 
protein corona began instantly after NP immersion. We thus detected 90 to 128 and 134 to 153 
distinct adsorbed proteins for the bovine and human corona, respectively. By using computational 
biology tools and protein-protein interaction databases, we have highlighted three major clusters of 
protein behavior in contact with nanoparticles. We demonstrated precisely how the protein network 
builds up within the corona during the experimental kinetics resulting in a multiparametric 
representation of the “corona interactome”. This original approach may allow understanding how NPs 
interact with biological fluids and provide some clues for the future design of biocompatible 
nanocarriers. 
 
Keywords: Mesoporous silica nanoparticles, protein corona, protein interactions, corona interactome, 
mass spectrometry, computational biology. 
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PERSISTENT LUMINESCENCE NANOPARTICLES FOR BIOIMAGING APPLICATIONS  
 
Cyrille Richard1, Gonzalo Ramírez-García,1 Fanny d’Orlyé1, Anne Varenne1, Nathalie Mignet1, Silvia 
Gutiérrez-Granados,2 Minerva Martínez-Alfaro2, (1) Unité de Technologies Chimiques et Biologiques 
pour la Santé (UTCBS), CNRS UMR 8258, Inserm U1022, Université Paris Descartes, 4 avenue de 
l’Observatoire, 75006 Paris; Chimie ParisTech, PSL Research University, 75005, Paris, France (2) 
Departamento de Farmacia, Universidad de Guanajuato, 36050, Guanajuato, Mexico  
 
 
Optical imaging is a rapidly developing field of research aimed at noninvasively interrogating animals 
for disease progression, evaluating the effects of a drug, assessing the pharmacokinetic behavior, or 
identifying molecular biomarkers of diseases. The use of non-invasive luminescent systems as tools 
for tagging pathologies in animal models is of great interest in biomedical research. 
 
Our group recently introduced a new generation of optical nanoprobes with persistent luminescence 
properties. Persistent luminescence nanoparticles (PLNPs) are innovative materials in which the 
excitation energy can be stored in traps, present or voluntary introduced into the materials during the 
synthesis, before to be slowly released by thermal activation producing photonic emission which can 
last for several hours. Among them, ZnGa1.995Cr0.005O4 nanoparticles can be activated before 
administration on live systems, as well as in vivo through living tissues and thanks to their persistent 
luminescence properties, it is possible to avoid undesirable auto-fluorescence signals (1). The in situ 
re-activation of this probe in the therapeutic window, contrary to the previously reported in the 
literature PLNPs only excitable ex vivo with UV light (2), results in the ability to make observations of 
the probe without any time constraints, opening new perspectives for a great variety of diagnosis 
applications (1,3-5). The surface functionalization of persistent luminescence nanoparticles is possible 
to enhance its biocompatibility, avoid or delay their capture by the reticulo-endothelial system cells and 
for various biomedical applications (6-8). However, their uses demand extensive toxicological 
evaluation.  
 
In this work, mice have been treated with a single intravenous administration of hydroxylated or 
PEGylated nanoparticles at different concentrations and then a set of standard tests were carried out 
1 day, 1 month and 6 months after the administration. High concentrations of hydroxylated 
nanoparticles generate structural alterations at histology level, endoplasmic reticulum damage and 
oxidative stress in liver, as well as rising in white blood cells counts. A mechanism involving the 
endoplasmic reticulum damage could be the responsible of the observed injuries in case of ZGO-OH. 
On the contrary, no toxicological effects related to PEGylated nanoprobes treatment were noted 
during our in vivo experiments, denoting the protective effect of PEG-functionalization and thereby 
their potential as a safe in vivo diagnostic probes. 
 
 
1) Nature Materials 2014, 13, 418-426 
2) Proc. Natl. Acad. Sci. USA. 2007, 104, 9266-9271  
3) Nanoscale 2014, 6, 13970-13976 
4) Adv Funct Mater 2015, 25, 331-338 
5) Small 2015, 11, 2696-2704 
6) J Mater Chem B 2015, 3, 4009 
7) ACS Nano 2011, 5, 854-862 
8) Bioconjugate Chem. 2012, 23, 472-478
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THE BEHAVIOR OF OUR IMMUNE SYSTEM CAN BE ALTERED UPON AN EXPOSURE TO GOLD 
NANOPARTICLES 

 
Alexis GONON1, Christian VILLIERS1, Valérie FOREST2, Michèle COTTIER3, Patrice N. MARCHE1, 
(1) Institute for Advanced Biosciences (IAB), Université Grenoble Alpes / INSERM U1209, allée des 
alpes, 38700 La tronche, France (2) Ecole Nationale Supérieure des Mines, LINA EA4624, 158 cours 
Fauriel 42023 Saint-Étienne cedex 2, France (3) Université Jean Monnet, 10 rue Tréfilerie 42023 
Saint-Etienne Cedex 2, France 
 
Nanoparticles (NP) are increasingly used for therapeutic and diagnostic applications. From nanometric 
building blocks, further surface modifications and encapsulations allow developing smart drug carriers 
or contrast agents for imaging. 
Gold is among the key materials developed for nanomedicine. Gold based NP (AuNP) are easily 
synthesised, controlled in size and surface and detectable. Although AuNP are promising, the 
potential risks for health associated to a long term exposure remain poorly documented. It is 
necessary to study the impact of AuNP on human health prior to their use. 
The immune system is specialized in the maintenance of body integrity. Among immune cells, 
macrophages and dendritic cells (DC) are able to engulf foreign pathogens and deliver signals to other 
components of the immune system. Upon an exposure, NP accumulate in macrophages and DC cells 
due to their phagocytic/endocytic abilities. These cells are among the most predisposed to NP effects 
and are a relevant model for the study of cell fate after a NP exposure. Up to now, the most 
documented consequence of this exposure is cytotoxicity at high concentration. Here, we analyze 
whether an exposure to sub toxic doses of AuNP (20nm) leads to the alteration of cell functions.  
To study a possible alteration by NP of phagocytosis capacity, J774 macrophages were exposed or 
not to AuNP and then incubated with fluorescein labelled polystyrene microspheres, which were used 
as probe for phagocytosis measured by flow cytometry. AuNP did not impair microspheres 
phagocytosis. 
To evaluate the effects on cell activation, primary DC were cultured from murine bone marrow. 
Exposure of DC to NP did not lead to their activation nor to the induction of cytokine secretions. 
However, the response of AuNP loaded DC to known activators, such as bacterial lipopolysaccharide, 
was altered, showing reduced inflammatory cytokine production such as IL-6, IL-12 and IL-23. 
Interestingly, these cytokines are involved in initiating the adaptive immune response, by modulating T 
cell fate after antigen presentation by DC. To study this presentation, primary DC were cultured with 
ovalbumin, a model antigen, and ovalbumin restricted T cells (from transgenic OT-II mice). We 
quantified relevant T cell cytokines IL-13, IL-4, IFNγ and IL-17, after an exposure of DC to AuNP. A 
slight increase of both IL-13 and IL-4 indicated a shift of classical Th1/Th2 balance towards Th2. 
Furthermore, IL-17 secretion was more than doubled, standing for an alteration of T-cell fate towards 
Th17 phenotype.  
Although AuNP have no effect on main immune cell functions as phagocytosis or cell activation, these 
results demonstrate that AuNP impact on the production of inflammatory cytokines by DC and that this 
new cytokine profile has consequences in the development of specific immune response such as 
Th17. These modifications could impair the immune system physiology, leading to chronic diseases or 
autoimmunity. 
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SURFACE FUNCIONALIZED SILICA NANOPARTICLES FOR IN VITRO CANCER 
PHOTODYNAMIC THERAPY: COLLOIDAL STABILITY, DISSOLUTION AND PHOTHDYNAMIC 

EFFICIENCY STUDIES  
 

 
Wei Liu1, Arnaud Chaix2, Magali Gary-Bobo3, Jean-Olivier Durand2, Frédérique Cunin2 and Mélanie 
Auffan1, (1) Aix-Marseille University, CNRS, IRD, CEREGE UM34, 13545 Aix en Provence, France (2) 
Institut Charles Gerhardt Montpellier, UMR 5253 CNRS-ENSCM-UM, Ecole Nationale Supérieure de 
Chimie Montpellier, 8 rue de l’Ecole Normale,34296 Montpellier, France (3) Institut des Biomolécules 
Max Moussseron, UMR 5247 CNRS-UM,15 Avenue Charles Flahault, BP 14491, 34093 Montpellier 
Cedex 05, France 
 
 
Mesoporous silica nanoparticles (MSN) are attractive materials as drug carriers thanks to their 
biodegradation behaviour and nontoxic in vivo. They display intrinsic photoluminescence under near 
infrared 2-photon excitation in the spectral window suitable for medical application. In this work, we 
evaluated the influence of the surface functionalization of MSN on their biodegradatbility in cell culture 
medium and their photo-toxicity toward breast cancer cells in vitro.  
 
Seven formulations of MSN were prepared via various synthetic approaches, containing bare MSN (~ 
200 nm), grafted porphrin (porph), polyethylene glycol (PEG), mannose (Man), both porph-man, PEG-
man, Porph-PEG-man. The functionalized MSN was characterized using dynamic light scattering 
(DLS), electrokinetic measurements (ζ potential), FTIR spectroscopy and UV-vis absorption 
spectroscopy. The influence of the surface functionalization of those formulations on their colloidal 
stability was evaluated by DLS and zeta potential after transfer into cell culture medium: DMEM/F12 
and DMEM/F12 with 10% fetal bovin serum (FBS) as a function of time. The dissolution kinetics of 
functionalized MSN in cell culture media was determined by ICP-MS using ultrafiltration methods, and 
NMR.  
 
We found that these nano-formulations had different stabilities in DMEM/F12 supplemented or not with 
FBS. The size of agglomerates at 40 mg/L MSN was significantly reduced within first 10 min, 
from1510±130 to 373 ± 8 nm upon the addition of 10% FBS. The functionalizations strongly impact the 
MSN dissolution kinetics in cell culture medium, and a correlation between MSN stability. Their 
internalization by cancer and their cytotoxicity was observed.   
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TO NAME THINGS WRONGLY IS TO ADD TO THE MISFORTUNE OF THE “NANOWORLD” 
 

 
Daniel Bernard1, (1) CEA-Plateforme NanoSécurité Grenoble, 17, rue des martyrs 38000 Grenoble, 
France 
 
 
Nanomaterials are involved in many areas and their environmental, health, ethical, and societal 
impacts are still under questions, because they are poorly known and evaluated.  
In Europe, despite the existence of several regulations relative to nanomaterials utilization in some 
specific applications addressed to the public, there is currently no general legislation about production, 
transformation, handling or commercialization of nanomaterials, and products containing these 
nanomaterials. 
However, there is no lack of regulation on the subject. Nanomaterials are indeed chemicals, and 
targeted as such by laws, as well as national and European rules about workers, consumers health 
and environment, even if they don’t mention specifically nanomaterials. 
Suitable regulation for nanomaterials rely on national and European texts with mandatory application, 
and (voluntary) standards. Standardization organizations like CEN, in Europe, and ISO are 
responsible to provide such standards. Guidelines edited by the OECD support also dedicated 
regulations for nanomaterials. 
 
But at the present time, what is understood by the term nanomaterials? This question, without clear 
answer, remains always the key for regulatory purposes!   
Different definitions are used in the existing European regulatory documents. These definitions differ 
from the one proposed by ISO TC 229, which is agreed by the main countries in the world. 
 
Clarity and comprehensibility is needed to define the regulatory scope of what could be called 
“nanomaterials”. Without indisputable definitions, scientific based, of the different terms used to name 
nanomaterials: nanostructured materials, nano-objects, nanoparticles, ultra-fine particles,…, 
supported by identified physical and chemical parameters, with the associated validated and 
standardized procedures  for measurement, the “mandatory reporting of nanomaterials produced, 
distributed or imported in Europe” will have a very poor value to aim at a better market and use 
understanding of these substances, and to establish a specific traceability.  
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CHALLENGES OF NANOMATERIAL REGULATION IN EUROPE 
 
 

Julia Donauer1, Joerg Wagner1, (1) Dr. Knoell Consult GmbH, Dynamostrasse 19, 68165 Mannheim, 
Germany 
 
Some materials develop new and often technically desirable properties if their particle size is reduced 
below a certain value. The size range in question mostly lies in the nanometer range, therefore such 
materials are called nanomaterials. Apart from useful new properties, changes to environmental and 
human health hazards are possible. As a result, existing legislation has been adapted and new 
legislation is being created, leading to a growing regulatory workload for industries dealing with 
nanomaterials. 
Challenges in nanomaterial regulation start with the definition of a nanomaterial. There are several 
general definitions available, such as the European Commission (EC) Nanomaterial Definition 
Recommendation (2011/696/EU). Furthermore, no standardized methods for nanomaterial 
assessment are available yet. 
In European legislation, several regulations have included nanomaterials, among them the Biocidal 
Product Regulation (BPR, 528/2012), the Cosmetics Regulation (1223/2009) and several legislations 
dealing with food and food contact materials such as the Regulation on Food Information for 
Consumers (1169/2011). The respective nanomaterial definitions differ slightly, therefore the 
classification as a nanomaterial may depend not only on the material itself, but also on the product 
sector it is used for. 
For worker health protection, additional safety measures have been proposed for activities involving 
nanomaterials. There is so far no legal requirement to identify nanomaterials as such in safety data 
sheets, though recommendations and guidelines are available. Due to the lack of a legal requirement, 
downstream users may not be aware of their use of nanomaterials and of a corresponding possible 
lack of protection. 
Another outcome of the continuing nanomaterial discussion are national nanomaterial inventories, 
which have been developed for several European countries like France, Belgium and Denmark. Other 
countries, such as Switzerland or Norway, have adapted existing product registers, which now require 
additional nanomaterial related information. Again, differences in those national legislations lead to 
different registration obligations for the respective countries. 
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HOW TO ADDRESS EHS RISKS WITH NANOMATERIALS THROUGH THE EXISTING WORKERS 
AND CONSUMERS SAFETY LEGAL INSTRUMENTS? 

 
Anthony Bochon1, (1) Attorney-at-law, Squire Patton Boggs UK LLP, Avenue Lloyd George 7, 1000 
Brussels, Belgium and Lecturer & researcher at the Faculty of Law, Université libre de Bruxelles, 
Avenue Franklin Roosevelt 50, 1050 Brussels, Belgium 
 
 
Debates on alleged and identified environmental, health and safety risks with nanomaterials almost 
systematically lead to calls for further legislative and regulatory initiatives to address such risks in 
specific legal instruments. This follows a common contemporary trend to add new legal provisions, not 
necessarily exempt for uncertainties and diverse interpretations, instead of revisiting and reinterpreting 
the existing legal framework in light of the issues associated with nanomaterials. Most of the European 
Union member States and the Union’s institutions have their legal traditions deeply rooted in this 
principle that laws have a general purpose and, therefore, can resist and survive to the effects of time. 
Taking these specificities into account must not degenerate into legislative inaction or in non-
compliance with the existing legal framework. On the contrary, it requires a careful review of the 
current legal instruments, notably those protecting workers’ and consumers’ safety, to address these 
environmental, health and safety risks to fully comply with the general obligations imposed on the 
addressees of these instruments. Furthermore, pro-active compliance will not only allow stakeholders 
working with or using nanomaterials to anticipate stricter legal requirements but also to differentiate 
themselves on the market. The current multiplication of national nanomaterials registers is not a 
neutral communication fact. Concerns are particularly high with workers’ and consumers’ 
organizations as discussions at national level regularly show us. 
 
Though being twenty-seven years old, the framework directive 89/391/EEC encouraging 
improvements in the safety and health of workers establishes principles still applicable today. 
Increasing knowledge about health and safety risks with nanomaterials used at the workplace requires 
employers to reassess their compliance policy with the principles of the directive i.a. the obligations to 
avoid risks and to adapt to technical progress. Similarly, directive 98/24/EC on chemical agents at 
work lays down occupational exposure limits to hazardous chemical agents and imposes risks 
prevention measures. Employers must undertake specific efforts to determine whether the 
nanomaterials present at the workplace fall within the scope of this directive. In addition to EU 
guidelines on the implementation of this directive, employers must integrate these obligations in their 
compliance policy. Beyond any review of applicable legal instruments, employers should consider 
carefully all training and certifications opportunities, one of the next growing areas of compliance 
policies for the safe use of nanomaterials. 
 
Environmental, health and safety risks with nanomaterials also concern consumers who buy products 
containing nanomaterials. Sector-based legislation on food safety or cosmetic products must not hide 
the fact that general consumer protection legislation imposes a series of obligations on businesses 
marketing products containing nanomaterials. Most of them still underestimate today that one of their 
biggest challenges for the next years is the communication of information to the market and 
stakeholders. Negative consumer reviews, combined with the increasing power of social media, can 
easily become viral. The risks of product disparagement are high as alleged risks, spread through 
media, induce negative consumer perception. EU consumer legislation imposes fair practices 
requirements on businesses marketing their products towards consumers, while business must 
themselves compete fairly and refrain from engaging themselves into disparagement campaigns 
against their competitors. Measures such as voluntary labelling should not be ignored, while product 
claims highlighting the advantage of nanotechnology-enhanced products should be carefully drafted to 
avoid deceitful practices. Furthermore, the golden standard of scientific knowledge used in the liability 
regime created by thirty-one years old directive on product liability must be understood by all EU-
based manufacturers and importers of non-EU manufactured products, if they want to anticipate, 
mitigate but also insure risks related to products containing nanomaterials whose risks are known or 
even still subject to uncertainties. 
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A NANOMATERIAL TESTING STRATEGY FOR ACHIEVING REACH REGULATORY 
COMPLIANCE 

 
Paul K.B.1 & Carson D.S.1, (1) Blue Frog Scientific Limited, Edinburgh, EH2 3ES, UK - E-mail contact: 
kai.paul@bluefrogscientific.com 
 
The purely exploratory period for nanomaterial (NM) technologies is now over and they are becoming 
commonplace in industry due to their revolutionary potential. For a company to widely and sustainably 
release NM innovations into the market it is crucial to ensure the correct registration processes are 
followed to achieve REACH compliance.  However, there are currently no well established guidelines 
under REACH due to testing infancy and difficulties at the nano-scale, where novel properties and 
behaviour occurs compared to dissolved or bulk forms of the substance. Based on current NM 
registrations, and knowledge, ECHA has released some recommendations for registering NMs via the 
“Group Assessing Already Registered Nanomaterials” (GAARN), and groups such as the Nanosafety 
Cluster are making efforts to harmonize opinion.  However, although some Appendices have been 
provided within the REACH regulation in order to help those wanting to comply with regulation (e.g. 
ECHA, Appendix to Chapter R.7a: recommendations for nanomaterials), the framework is still 
somewhat lacking leaving critical decisions to the industry with no certainty of whether this will satisfy 
future legislations specific to NMs.  Further as relatively few NMs have been registered to date, 
existing data and previously adopted strategies (and their success therein, e.g. protection of the 
environment and human health), from which to gain knowledge and guide future submissions is 
scarce.  
 
Here we use the example of one NM which is often used in many industries, and based on the 
hypothetical characteristics take it through a regulatory testing strategy with suggestions and 
indications at critical junctures of exposure and risk assessment (e.g. assessing and quantifying 
exposure levels).  This includes the integration of multi-method approaches specific to NMs, and 
suggests adaptations to current test systems that may be required due to the novel characteristics of 
NMs.  The strategy is based around knowledge from current regulatory guidance, new advances 
towards regulation and critical NM literature.  With the 2018 deadline fast approaching, but the 
whitepaper for NM regulation likely not available until 2020 at the earliest longevity of the dossier in 
light of new developments will be the responsibility of the registrant. Presenting such case studies will 
aid in the dissemination of current knowledge and regulation, and give clarity in the decision making 
processes in a digestible and practical manner ensuring the responsible implementation on such 
strategies.  
 
KEYWORDS: Regulation, Testing Strategy 
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ANTICIPATION OF REGULATORY NEEDS FOR NANOMEDICINES 
THE 1ST EU-NCL SURVEY WITH REGULATORS 

 

Susanne Bremer-Hoffmann1, Sven-Even Borgos2; (1) European Commission Directorate General Joint 
Research Centre, Directorate F – Health, Consumers and Reference Materials, Consumer Products 
Safety, Via E. Fermi, 2749. TP101, I-21027 Ispra (VA), Italy,                                          
susanne.bremer-hoffmann@ec.europa.eu (2) SINTEF, Sem Sælands v. 2A, 7465 Trondheim, 
Norway, SvenEven.Borgos@sintef.no 
 
The constantly growing use of nanotechnology in the health sector calls for an anticipatory 
governance of such products that might challenge the existing regulatory framework in the future. 
However, the shortage of standardized datasets makes the identification of information requirements 
and the definition of suitable test methods from the regulators perspective difficult. An iterative process 
that reviews existing information in the regulatory domain and monitors the scientific/technical 
progresses discussed in the scientific community is required to elucidate upcoming knowledge gaps 
and standardisation needs that can support regulators in their decision making related to the quality 
and safety of nanomedicines.  
 
In order to identify coming needs for the authorisation of nanomedicines, the European Nanomedicine 
Characterisation Laboratory (EU-NCL) performs a series of surveys towards the regulatory 
community. The first survey was addressed to regulators participating in the Nanomedicines Working 
Group of the International Pharmaceutical Regulators Forum. Scientists from ten international 
regulatory bodies answered a 30 questions-survey related tohange form it in active voice highllight 
henge bsites. Crawling in the regulatory agencies website. Even appear directly to the their 
experience with regulating nanomedicines, their information needs for evaluating such products as 
well as future requirements.  
 
The survey confirmed recent study reports demonstrating significant regional differences of 
nanomedicine applications for market authorisations and raised the question why the ecosystems of 
some regions are more suitable for marketing nanomedicines. In the light of the different level of 
experience in regulating nanomedicines, it is of particular importance to share knowledge among the 
regulatory bodies and to train regulators of less experienced regions, as an increase of nanomedicine 
applications for marketing authorization can be anticipated in the future world-wide.  
 
Furthermore, there was quite an unambiguous agreement of the regulators on the information 
requirements and the relevance of various physical chemical parameters as proposed in scientific 
literature. These findings can serve as first suggestions which methods should be further developed 
and standardised. 
 
Finally, future preconditions for supporting the translation of nanomedicines to the market were 
elucidated in a final set of questions. The results highlighted the agreement of the regulatory bodies on 
the harmonisation of testing requirements of medicinal products and medical devices. 
 
The presented work contributes to the identification and development of standardised methods and 
will stimulate innovation and foster industrial competitiveness. 
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MULTIPLE APPROACHES FOR A COMPLETE MAPPING OF NANOMATERIAL USES: THE CASE 
OF NANOSILVER 

 

Carmen Cantuarias-Villessuzanne1, Pierre Boucard1, Myriam Merad1, Dominique Guionnet1, 
Guillaume Fayet1, Alexis Vignes1, Jean-Marc Brignon1, Emeric Frejafon1, (1) INERIS, rue Jacques 
Taffanel, 60550 Verneuil-en-Halatte, France 
 
Currently, there is an explosion of consumer products containing nanoparticles. On the one hand, the 
presence of nanomaterials in these products is considered to be innovative but, on the other hand, it 
also raises controversies about their potential effects on human health and environment. In order to 
reduce uncertainties and get a first insight on the nanomaterials available on the market, several 
countries decided to implement institutional inventories: Consumer Products Inventory (USA), 
Nanodatabase (Denmark), ANEC/BEUC (Europe), RIVM (Netherlands), R-Nano (France) and new 
ones are in development (Belgium and Sweden). However, as underlined by different stakeholders, 
the current registries only offer a partial view of the current uses of nanomaterials on the European 
market. In order to support the development of an adapted regulation, which reflects the market 
reality, it becomes then urgent to develop new tools that can provide a relevant sight of this reality. In 
this study, we present a simple approach using qualitative research tools that we believe will help the 
Authorities to adapt and priorize coming regulatory works. This approach is illustrated through a case 
study on silver nanoparticles.  
Based on a study of available inventories and of the registrations of European patents, an analysis of 
the distribution of categories of consumer products containing silver nanoparticles was carried out. 
Furthermore, we undertook two kinds of analyses to map the uses of silver nanoparticles. First, a 
bibliometric survey of the 10 000 most recent publications in peer-review journals on Web of Science 
was performed. Secondly, we used the textual analysis of contents of 2438 headlines in international 
press to highlight the key issues in the public sphere.  
From this study, several kinds of category uses were highlighted. Current and prospective uses of 
silver nanoparticles can be outlined from figure 1. This study allowed the identification of new profiles 
of industries beyond inventories and gives new point of view of suspected gaps between the number 
of registered end-products and the consumer products on the market, nowadays and in the future. 
 

Figure 5 Groups of uses of silver nanoparticles at different concerns 
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DEVELOPING PARAMETERS FOR LOCAL MULTIMODE AMBIENT AEROSOL MODELS 
INCLUDING NANOMETER MODE 

 
Paolo Tronville1, Richard Rivers2, (1) Politecnico di Torino DENERG, Corso Duca degli Abruzzi, 24 
10129 Turin, Italy (2) EQS, inc., 1262 Bassett Ave., Louisville, Kentucky 40204, USA 
 
 
The particle count, surface and mass in an occupied space can be modeled when the outdoor and 
recirculation airflows are known, along with the particle-size distribution for outdoor air, internal 
generation rates as a function of particle size, and the efficiency of the filter system as a function of 
particle size. Data on outdoor air particle-size distribution is rarely available, but two measures of 
particle mass concentration, PM2.5 and PM10, are often available for both urban and rural locations. 
Many studies have shown that outdoor air aerosol size distributions are well modelled by sums of two 
or three log-normal distributions, with essentially all the mass contained in the two larger modes, the 
accumulation mode and the coarse mode. Other studies have also shown that the geometric mean 
diameter and standard deviations of the accumulation and coarse modes are, in general, related by 
simple functions. 
This paper shows how these relationships can be combined with the known characteristics of PM2.5 
and PM10 samplers to create reasonable models of outdoor air aerosol-size distributions, and thus 
allow calculation of aerosol mass effects in occupied spaces. Means of estimating the parameters of 
aerosol modes with mean sizes below 100 nm and the efficiencies of filters in that range are 
described. These estimates allow extension of indoor-air modeling to include aerosol surface, which is 
predominately due to particles with diameters below 100 nm. Sources of the necessary data for all 
size ranges are examined. 
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EUROPEAN STANDARDIZATION IN NANOTECHNOLOGIES AND RELATION WITH 
INTERNATIONAL WORK. HOW STANDARDIZATION CAN HELP INDUSTRY AND REGULATORS 

IN DEVELOPING SAFE PRODUCTS? 
 
Patrice Conner1, (1) AFNOR Standardization - Management and Consumer Services Department, 
11 rue Francis de Pressensé, 93571 La Plaine Saint-Denis Cedex, France 
 
 
Nanotechnologies have enormous potential to contribute to human flourishing in responsible and 
sustainable ways. They are rapidly developing field of science, technology and innovation.  
As enabling technologies, their full scope of applications is potentially very wide. Major implications 
are expected in many areas, e.g. healthcare, information and communication technologies, energy 
production and storage, materials science/chemical engineering, manufacturing, environmental 
protection, consumer products, etc. However, nanotechnologies are unlikely to realize their full 
potential unless their associated societal and ethical issues are adequately attended. Namely 
nanotechnologies and nanoparticles may expose humans and the environment to new health risks, 
possibly involving quite different mechanisms of interference with the physiology of human and 
environmental species. 
One of the building blocks of the “safe, integrated and responsible” approach is standardization. Both 
the Economic and Social Committee and the European Parliament have highlighted the importance to 
be attached to standardization as a means to accompany the introduction on the market of 
nanotechnologies and nanomaterials, and a means to facilitate the implementation of regulation. ISO 
and CEN have respectively started in 2005 and 2006 to deal with selected topics related to this 
emerging and enabling technology.  
In the beginning of 2010, EC DG "Enterprise and Industry" addressed the mandate M/461 to CEN, 
CENELEC and ETSI for standardization activities regarding nanotechnologies and nanomaterials. 
Thus CEN/TC 352 "Nanotechnologies" has been asked to take the leadership for the coordination in 
the execution of M/461 (46 topics to be standardized) and to contact relevant European and 
International Technical committees and interested stakeholders as appropriate (56 structures have 
been identified). Prior requests from M/461 deal with characterization and exposure of nanomaterials 
and any matters related to Health, Safety and Environment. Answers will be given to: What are the 
structures and how they work? Where are we right now and how work is going from now onwards? 
How CEN’s work and targets deal with and interact with global matters in this field? 
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NANODEFINE: EMERGING GUIDANCE ON METHODS AND DECISION TREE  
FOR THE IDENTIFICATION OF NANOMATERIALS  

 

Frank Babick1, Johannes Mielke2, Wendel Wohlleben3, Stefan Weigel4 and Vasile-Dan Hodoroaba2, 
(1) Technische Universität Dresden (TUD), 01062 Dresden, Germany (2) Bundesanstalt für 
Materialforschung und -prüfung (BAM), 12205 Berlin, Germany (3) BASF SE, Dept. Material Physics, 
67056 Ludwigshafen, Germany (4) RIKILT – Wageningen UR, 6700 AE Wageningen, 
NETHERLANDS (present: Bundesinstitut für Risikobewertung (BfR), 10589 Berlin, Germany) 

 
Several regulations, including the French nanomaterial inventory, refer to the EC definition of a 
nanomaterial for regulatory purposes [1]. The French inventory highlights the diversity of substances, 
which encompass numerous nanoforms, mostly of conventional fillers and pigments [2]. 
The NanoDefine project (www.nanodefine.eu) has the charge to provide guidance for the 
implementation of the EC definition recommendation. This task is a metrological challenge as the 
definition requires the evaluation of the smallest particle dimension median in number metrics, within 
the size range from 1 nm to 10 µm. Most of the available particle sizing techniques do not cover the 
full required size range and consequently, a suitable, material dependent combination of methods 
needs to be found. Furthermore, depending on the method, the resulting particle size distributions can 
be number-, mass-, or intensity-weighted, requiring a valid and reliable conversion into number 
metrics. We explored the sources of uncertainty [3] and derive a screening strategy.  
To develop a robust, cost-efficient and reliable procedure for the decision process, the available 
particle sizing methodologies are evaluated on a broad range of materials in the form of powders, 
covering different particle shapes and chemical compositions, including possible surface coatings of 
the particles. Furthermore, consumer products of practical relevance containing nanoparticles are 
taken into account.  
Suitable sample preparation protocols are developed. Suitable nano reference materials are used as 
quality control materials. The project results will be made publicly available in the form of a methods 
manual and a web-based etool. 
To ensure the 
persistence of the 
project outcome 
beyond the project 
duration, the 
developed procedures 
are going to be 
submitted as proposals 
to standardization 
bodies (ISO, CEN, 
DIN). 
Within this contribution, 
results of the real world 
performance testing of 
both dry-state and 
suspension-based 
characterization techniques on Real world Test Materials (RTM) are going to be presented.[3] From 
these results, first conclusions about the material dependent ranges of applicability for the considered 
particle sizing techniques can be drawn.  
 
[1] COMMISSION RECOMMENDATION of 18 October 2011 on the definition of nanomaterial 
(2011/696/EU)  
[2]  Ministère de l'Environnement, de l'Énergie et de la Mer (2015): Éléments issus des déclarations 
des substances à l’état nanoparticulaire: Exercice 2015 
[3]  Babick F, Mielke J, Wohlleben W, Weigel S, & Hodoroaba V-D (2016) How reliably can a material 
be classified as a nanomaterial? Available particle-sizing techniques at work. Journal of Nanoparticle 
Research 18(6):1-40. 
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A STEP-BY-STEP GUIDANCE FOR AN EFFECTIVE INTEGRATION OF STANDARDIZATION IN 
NANOSAFETY R&D PROJECTS – FROM THE PROPOSAL TO THE DELIVERABLES AND 

BEYOND 
 
Benoît Hazebrouck1, Olivier Salvi1, with the NanoSafety Cluster Subgroup Standardization, (1) EU-VRi 
European Virtual Institute for Integrated Risk Management. Haus der Wirtschaft, Willi-Bleicher-Straße 
19, D- 70174 Stuttgart, Germany. Email: bh@eu-vri.eu 
 
 
Standardization is one of the most adequate solutions to quickly capitalize and disseminate knowledge 
and have it implemented in the industry. It contributes to sustainable competitiveness through 
“reference documents” and internationally comparable data and supports the development of a sound 
and stable regulation. Standardization is particularly important in the field of nanotechnologies where 
knowledge and products make rapid progress. In this field especially, the efficient transfer from 
research to standardization is essential. 
 
The step-by-step guidance presented here aims at supporting research consortia in integrating 
standardization in nanosafety R&D projects. This guidance relies on the experience of numerous 
projects (nanoSTAIR, QualityNano, NanoValid, NanoMILE, NanoFase, NanoREG, NanoReg2...) 
gathered under the umbrella of the Nanosafety Cluster (www.nanosafetycluster.eu) and its sub-group 
on standardization.  
 
The guidance presents each step, from the proposal to the deliverables and beyond, through a 
synthetic factsheet illustrated by examples and further developed in appendices when necessary. It 
focuses on the pre-normative work: technical pre-normative work (harmonization, validation through 
ring testing...), and procedural pre-normative work (clustering initiatives, preparing the formal 
submission and the votes of the standardization body). A red thread through this guideline is to 
consider, and include consequently throughout the project, the technical pre-normative activities as 
fully valuable scientific activities. 
 
 

Acknowledgment: This work is realized in the frame of the projects NanoMILE, NanoFASE, NanoReg2, which 
have received funding from the European Community’s Horizon 2020 Framework Programme under grant 
agreements numbers 310451, 646002 and 280713 respectively. 
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INTER-LABORATORY TESTS OF THE METHODOLOGY FOR FILTRATION EFFICIENCY TESTS 
IN DIFFERENT FILTER MEDIA AGAINST NANOPARTICLES 

 
Jing Wang1,2,  Panagiota Sachinidou1,2, Shawn S.C. Chen3, David Y.H. Pui3, Paolo Tronville4, Thomas 
Mosimann5, Mikael Eriksson6, (1) Institute of Environmental Engineering, ETH Zurich, Zürich, 8093, 
Switzerland (2) Laboratory for Advanced Analytical Technologies, Empa, Dübendorf, 8600, 
Switzerland (3) University of Minnesota, USA (4) Politecnico di Torino, Italy (5) Unifil, Switzerland (6) 
Camfil, Sweden 
 
The filtration of airborne nanoparticles is becoming an important issue as they are produced in large 
quantities from material synthesis and combustion emission. Current international standards dealing 
with efficiency test for filters and filter media focus on measurement of the minimum efficiency at the 
most penetrating particle size. The available knowledge and instruments provide a solid base for 
development of test methods to determine the effectiveness of filtration media against airborne 
nanoparticles down to single-digit nanometer range. 
 
An interlaboratory evaluation is performed under the Technical Committee 195 of European 
Committee for Standardization (CEN/TC195) for the development of the methodology to determine 
effectiveness of filtration media against air-borne particles in the 3 – 500 nm range.  
 
Five different laboratories, ETH/Empa, University of Minnesota, Politecnico di Torino, Unifil and Camfil, 
participate in the round robin test in order to ensure the accuracy of the test method. The qualification 
of test rig and apparatus is performed prior to the filtration efficiency measurement tests. 
 
Both uniform and non-uniform filters are tested in this investigation. Furthermore, filters with 
electrostatic charge are challenged with nanoparticles to investigate this effect among different 
laboratories. Each laboratory is to test different samples of the filter media wire mesh in order to 
ensure repeatability. The filtration efficiency tests are carried in different face velocities.  Some 
indicative results are presented in Figure 1. The filtration efficiency results among different laboratories 
show some discrepancies. Possible factors contributing to this deviation could be the test set up, 
effective filtration area, uniformity of the flow velocity in the filter holder, aerosol flow pressure, 
temperature and relative humidity, concentration of the challenging aerosol, monodispersity of test 
aerosol, neutralization efficiency and environmental conditions. 
 

 
Figure 1. Filtration efficiency data among different laboratories for a wired mesh at 5 cm/s face velocity 
challenged by silver and DEHS (Di-Ethyl-Hexyl-Sebacat) particles. 
 
Statistical analysis in accordance with ISO 5725-2 is performed in order to evaluate the methodology. 
Theoretical model are applied and compared with the experimental results.  In addition, upon the 
completion of the round robin tests, sensitivity analysis is to be implemented, addressing the 
aforementioned discrepancies.
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NANOSTREEM: METHODOLOGIES FOR RISK ASSESSMENT AND RISK MITIGATION 
 

 
Lieve Geerts1, (1) VITO NV, Unit Environmental Risk and Health, Boeretang 200, 2400 Mol, Belgium 
 
In this presentation, the first results of Work package 3 of the NanoStreeM project will be presented. 
Quite a number of risk assessment methodologies are (being) developed for safety evaluation of the 
manufacture and use of engineered nanoparticles. Are models developed for chemicals in the non-
nano form suitable to assess the safety of nanomaterials? Some examples of the 
models/methodologies that are discussed are the Precautionary matrix, Stoffenmanager nano, Art, 
RiskOfDerm, Ecetoc-TRA, Sofokles, the CB Nanotool, and the ISO-approach.  These current 
methodologies are compared for e.g. their user-friendliness, expert level requirement and type of 
assessment (exposure, risk, banding, hazard, …), The models are evaluated for their applicability in 
the semi-conductor industry, if need be after model adaptation.  These results will be tested in real-life 
exposure scenario’s and will lead to a guidance on the use of risk assessment methodologies for the 
semi-conductor industry. 
Furthermore the results of a survey on current practices of medical supervision in the semi-conductor 
industry and research will be presented.   
 
This work is being performed within the project NanoStreeM supported by the European Commission through the 
Horizon 2020 framework program for Research and Innovation. (Grant Agreement nr. 688194) 
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S1-P1 
 

PREPARATION TECHNIQUES FOR DETECTION AND EXTRACTION OF NANOPARTICLES IN 
COSMETIC FORMULATIONS 

 
R. R. Retamal Marín1, F. Babick1, M. Stintz1, (1) TU Dresden – Research group Mechanical 
Engineering, 01062 Dresden/Germany 
 
The characterisation of nanomaterials NM in cosmetic formulations (e.g. Pickering emulsion) requires 
appropriate development of a Standard Operation Procedures (SOP) for the preparation and 
extraction of NM of emulsion. The structure of these SOPs can generally be classified into four steps, 
namely wetting/suspending, dispersion energy, sampling and sample division/preparation, and finally 
measurement and interpretation of nanoparticles with corresponding standard optical methods. 
Furthermore, the preparation of cosmetic formulation turns out to challenge.  
 
The detection, extraction and subsequently characterization of NM in multi-disperse systems as 
emulsion involve metrological difficulties. One the one hand NM particles may cover the range from a 
few nanometres (primary particles and submicron aggregates) up to several tens of micrometres and 
on the other hand the interfacial interaction of nanoparticles (dispersibility in aqueous and lipid phases, 
adsorption at fluid-fluid interfaces or on the surface of large particle) may dominate their mobility.  
 
The study proposes the preparation and then characterization of emulsion that contain a pyrogenic 
powder (SiO2) by different polarity (hydrophobic and hydrophilic) in order to understand the physico-
chemical behaviour of particles in emulsion from the preparation to the extraction. This sample 
preparation involves also the challenges to select an appropriate emulsifying agent for better 
emulsification and also its stability over the time. This study proposes also a set of sample preparation 
procedures for the detection of NM in cosmetic formulation. One of these procedures is the extraction 
of lipid phases which facilitates the characterisation of hydrophobic NMs. A separation or extraction of 
lipid phases is achieved by means of organic solvents. The polarity of the lipid phases is decisive for 
selecting an optimum solvent. It can be shown that the use of the Hansen solubility parameters (HSP) 
may clearly support this decision [1]. Size distributions are determined with different techniques (e. g. 
dynamic light scattering and laser diffraction).  
 
 
[1] Hansen, Charles M. Solubility Parameters - An Introduction. Hansen Solubility Parameters, A 
User's Handbook, Second Edition, pp. 1-10. CRC Press, 2007 
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S1-P2 
 

SYNTHESIS, CHARACTERIZATION AND IN VITRO ANTITUMOR ACTIVITY OF GLUTATHIONE-
PEG-IRON OXIDE MAGNETIC NANOPARTICLES 

 
Paula.S. Haddad1, Marconi C. Santos1, Carolina A. de Guzzi Cassago2, Marcelo. B. de Jesus2, 
Amedea B. Seabra 1,3 (1) Exact and Earth Sciences Department, Universidade Federal de São Paulo, 
UNIFESP, Diadema, SP, Brazil (2) Department of Biochemistry and Tissue Biology, Institute of 
Biology, University of Campinas, UNICAMP, Campinas, SP, Brazil (3) Center of Natural and Human 
Sciences, Universidade Federal do ABC, Av. dos Estados 5001, CEP 09210-580, Santo André, SP, 
Brazil 
 
 
An increasing interest is spent on the synthesis of superparamagnetic iron oxide nanoparticles 
(SPIONs), followed by their characterization and evaluation of cytotoxicity towards tumorigenic cell 
lines. In this work, magnetite (Fe3O4) was synthesized by the polyol method, and coated with 
polyethylene glycol (PEG) and glutathione (GSH) leading to the formation of PEG-Fe3O4 and GSH-
PEG-Fe3O4 nanoparticles. SPIONs were characterized by X-ray diffraction (XRD), Fourier transform 
infrared (FTIR) spectroscopy, Field-emission transmission electron microscope (FE-TEM), SQUID 
magnetic measurements, and dynamic light scattering (DLS). PEG-Fe3O4 and GSH-PEG-Fe3O4 
nanoparticles have crystallite sizes of 10 and 5 nm, respectively, indicating compression in crystalline 
lattice upon addition of GSH on the nanoparticle surface. Both nanoparticles presented 
superparamagnetic behavior at room temperature, and FE-TEM images revealed the regular spherical 
shape of the nanomaterials and the absence of particle aggregation. The average hydrodynamic sizes 
of PEG-Fe3O4 and GSH-PEG-Fe3O4 nanoparticles were 68.86 nm ± 2.38 and 124.0 nm ± 1.64, 
respectively. The cytotoxicity of both nanoparticles was screened towards human prostatic carcinoma 
cells (PC-3). The results demonstrated a decrease in PC-3 viability upon treatment with PEG-Fe3O4 or 
GSH-PEG-Fe3O4 in a concentration-dependent manner, but not in a time-dependent manner in 
experiments of 4 h, 24 h, and 48 h. Figure 1 shows cell viability for 48h. Interestingly, PEG-Fe3O4 
nanoparticles induced higher levels of reactive oxygen species (ROS), when compared to GSH-PEG-
Fe3O4 nanoparticles, probably due to the presence of GSH in its composition, known as an important 
anti-oxidant. Due to the superparamagnetic behavior of PEG-Fe3O4 or GSH-PEG-Fe3O4, upon the 
application of an external magnetic field, those nanoparticles can be guided to the target site yielding 
local toxic effects to tumor cells with minimal side effects to normal tissues, highlighting the promising 
uses of iron oxide nanoparticles in biomedical applications.  
 

 

 
 
 

Figure 1. Cytotoxicity assay of PC-3 cells treated with PEG-Fe3O4 (blue line) and GSH-PEG-Fe3O4 
(red line) at different concentrations (from 0.001 mg/mL up to 1 mg/mL). The cells were incubated with 
nanoparticles and cell viability was measured after 48 h. 
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S1-P3 
 

CHARACTERIZATION OF NANOPARTICLE SOLUTIONS WITH HYDRODYNAMIC 
CHROMATOGRAPHY CONNECTED TO SINGLE PARTICLE INDUCTIVELEY COUPLED PLASMA 

MASS SPECTROMETRY 
 
Daniel Rosenkranz1, René Matschaß1, Jutta Tentschert1, Norbert Jakubowski2, Ulrich Panne2, Peter 
Laux1, Andreas Luch1, (1) German Federal Institute for Risk Assessment (BfR), Max-Dohrn-Strasse 8-
10, 10589 Berlin, Germany (2) German Federal Institute for Material and Research (BAM), Richard-
Willstätter-Strasse 11, 12489 Berlin, Germany 
 
A growing number of engineered nanoparticles are being used in consumer products, as e.g. in 
cosmetics. As a result hereof, their potential to enter biological systems might possibly representing an 
increasing risk of adverse effects to humans. The hazardous potential of nanoparticles (NP) depends 
on their properties, such as composition, size, shape and presence of ligands or coatings. Lipids for 
example are ingredients of numerous cosmetic products. Together with nanoparticles they form so-
called vehicles, which contain an unspecific number of NP. At the same time, these structures with a 
size of more than 200 nm have a higher potential to enter cells and other biological systems compared 
to nanoparticles with classical coatings like citrate or polyvinylpyrrolidone. A selective and sensitive 
detection method for nanoparticles in such inorganic/organic particle clusters is essential for an 
analysis of the contained nanoparticles in terms of size, mass and agglomeration. 
In this study, we have applied hydrodynamic chromatography (HDC), a technique suitable for sizing 
nanoparticles in a range between 5 to 300 nm, connected to an inductively coupled plasma mass 
spectrometer, used in single particle mode (sp-ICP-MS). By means of this HDC-mediated NP fraction 
separation, simultaneous analysis of material composition as well as size and number-based 
concentration was achieved. 
Citrate stabilized gold (Au) nanoparticles of different sizes were used as a model system. In order to 
establish characterization metrics, three calibrations, each comprising two single experiments, were 
conducted. The resulting ICP-MS raw data of each measurement were transformed into a contoured 
plot according the mass-size-distribution of all particles analyzed.  
Via prior calibrations unknown monodisperse as well as polydisperse samples with the same NP 
material composition were analyzed successfully. Furthermore, the described method was used to 
analyze Au nanoparticles of different sizes in an organic encapsulation. Surprisingly between one and 
three particles were internalized per lipid vehicle.  
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S1-P4 
 

DEVELOPMENT OF A MINIATURE ELECTRICAL ULTRAFINE PARTICLE SIZER (MINI-EUPS)  
 
Qiaoling Liu1, Daren Chen1, (1) Particle Laboratory, Department of Mechanical and Nuclear 
Engineering, Virginia Commonwealth University, Richmond, USA 
 
 
The potential human health impacts from exposure to ultrafine particles (UFPs) has been evidenced 
by many recent epidemiologic studies. People living in the area with high UFP levels in ambient air 
were found to have high risk in suffering from asthma and cardiovascular disease. For continuous 
monitoring of spatial/surface distribution of fine and ultrafine particles in cities and in residential 
communities, nowadays, particle sensors with well-built network are in high demand. And a good 
particle device for sensor network is required to be cheap in price, compact in size, light in weight and 
energy saving. Because for the UFP sensor network, multiple units (i.e., at least 10 units for a small 
UFP sensor network) are required under the constraint of installation and operation budget. 
Unfortunately, current portable UFP sizers in market are considered large, heavy and expensive for 
the ownership. They are not good candidates. Therefore, in this study, a new miniature electric 
ultrafine particle sizers (mini-eUPS) was developed to realize the above applications. 
 
Figure 1 shows the three key components inside prototype mini-eUPS: mini-plate charger, mini-plate 
DMA and mini Faraday cage. In the mini-plate charger, a 50 µm tungsten wire was installed inside to 
produce corona discharge for particle charging. A temperature sensor and a humidity sensor are 
integrated with the developed aerosol charger to provide temperature and humidity data of measured 
aerosol. An iphone-sized DMA in the parallel-plate configuration (i.e. mini-plate DMA) was used to 
classify particles according to their electrical mobilities. Aerosol flow and sheath flow were well 
controlled and monitored to ensure good performance of DMA. A mini Faraday cage with electrometer 
connected directly to the monodispersed aerosol outlet of the mini-plate DMA was used to measure 
number concentration of classified particles. The mini-plate charger, mini-plate DMA and mini Faraday 
cage were well calibrated individually. By assembling them with flow supporting unit, circuits and an 
embedded computer, the overall package size is 6" (L) × 5" (W) × 6" (H) and weight is about 3 lb. The 
prototype mini-eUPS can be used as a single-alone instrument, or as a sensor node in network. 

 
 

Figure 1 Key components (mini-plate charger, mini-plate DMA and mini Faraday cage) inside 
prototype mini eUPS. 

 
To obtain the real aerosol information from the raw instrument data. A constrained least square 
method was chosen in this study to be applied for quickly recover the particle size distribution during 
measurement. Figure 2 shows the particle size distributions measured by mini-eUPS and TSI SMPS. 
Aerosol was generated by a collision atomizer. The comparison result indicates a good agreement 
between the measurement of mini e-UPS and SMPS. The peak sizes obtained by two aerosol 
instruments were close to each other. The overall shapes of two distributions are similar and overlap. 
It thus proved the prototype mini e-UPS’s sizing ability for measuring particle size distribution. 

Mini-plate charger 

Mini-plate DMA 

Mini Faraday cage 
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Moreover, field testing of the developed mini-eUPS is in progress. More measurement data will be 
obtained to compare with many other aerosol instruments. And more detailed evaluation result of this 
new device will be present in this talk. 

 
10 100

0

1x10
5

2x10
5

3x10
5

4x10
5

5x10
5

dN
 (

#/
cc

)

Dp / nm

 Mini e-UPS
 SMPS

 

 
Figure 2 Comparison of particle size distribution measured by mini-eUPS and TSI SMPS 
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S1-P5 
 

MEASURING AT RELEVANT CONCENTRATIONS – RADIOLABELING AS A VERSATILE TOOL 
IN NANOSAFETY RESEARCH 

 
Stefan Schymura1, Heike Hildebrand1, Elena Bellido2, Isaac Ojea-Jiménez2, Izabela Cydzik2, Jan 
Kozempel2, Matteo Dalmiglio2, Antonio Bulgheroni2, Giulio Cotogno2, Federica Simonelli2, Johannes 
Kulenkampff1, Uwe Holzwarth2, Neil Gibson2, Karsten Franke1, (1) HZDR, Research Site Leipzig, 
Institute of Resource Ecology, Permoser Str. 15, 04318 Leipzig, Germany (2) European Commission, 
Joint research Centre, Via E. Fermi 2749, 21027 Ispra (VA), Italy 
 
The employment of radiotracers is a versatile tool for the detection of nano-particulate materials in 
complex systems such as environmental samples or organisms. With the increasing usage of 
nanoparticles in applications outside of research laboratories, a careful risk assessment of their 
release into the environment becomes mandatory. However, the monitoring of nanoparticles in such 
complex natural systems as soil, natural waters, plants, sewage sludge, etc. is nearly impossible using 
conventional methods, especially at environmentally relevant concentrations. This obstacle can be 
overcome by radiolabeling, which may be of crucial value in enabling such research. 
We have developed various methods of introducing radiotracers into some of the most common 
nanoparticles, such as Ag, carbon, SiO2, CeO2 and TiO2 nanoparticles. The labeling techniques are 
the synthesis of the nanoparticles using radioactive starting materials, the binding of the radiotracer to 
the nanoparticles, the activation of the nanoparticles using proton irradiation, the recoil labeling 
utilizing the recoil of a nuclear reaction to implant a radiotracer into the nanoparticle, and the in-
diffusion of radiotracers into the nanoparticles at elevated temperatures. Using these methods we 
have produced [105/110mAg]Ag, [124/125/131I]CNTs, [48V]TiO2, [139Ce]CeO2, [7Be]MWCNT, [7Be]SiO2, 
[44/45Ti]TiO2, etc.. The methods are adaptable for a wide range of other nanoparticles. The so-labelled 
nanoparticles can be detected at minimal concentrations well in the ng/L range even with a 
background of the same element and without complicated sample preparations necessary.  
Using our methods one can radiolabel commercial nanoparticle samples for sensitive detection in 
environmentally relevant trace concentrations. The labeled particles have been successfully used in 
release studies, environmental mobility studies, fate studies in waste water treatment and plant uptake 
studies. 
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S1-P6 
 

LIFE NANOMONITOR - DEVELOPMENT OF A REAL TIME INFORMATION AND MONITORING 
SYSTEM TO SUPPORT THE RISK ASSESSMENT OF NANOMATERIALS UNDER REACH 

 
C.Fito1, J.L.Palau2, Athena Progiou3, J.Friesl4, (1) ITENE Research center. C/ Albert Einstein, 1. 
46980 Paterna, Valencia  (Spain) (2) CEAM. C/ Charles R. Darwin, 14 46980 Paterna, Valencia, 
Spain (3) AXON Enviro-Group Ltd. 18, Troias str. 112 57 Athens, Greece (4) The REACH Centre 
Limited. Lancaster University. Lancaster, Lancashire LA1 4YQ, UK 

 
 
NanoMONITOR project, funded under the European Union’s LIFE programme environmental policy 
and governance (LIFE14 ENV/ES/000662), focusses on the development of new tools to measure the 
levels of PM0.01 particles in urban and industrila environments. Overall, the main goal of the project is 
to develop a engineered nanomaterials (ENMs) monitoring station prototype to measure the 
concentration of particles  in the nanometer scale in urban and industrial environments, including  a 
central station in the subway of the city of Valencia (Spain), two industrialized areas located in the 
provinces of Castellon and Valencia (Spain), a central urban area with high traffic density, and a set of 
5 companiens manufacturing and/or using ENMs.  
 
The consortium includes 4 members with wide experince on particle measurment, environmental 
monitoring, risk assessment and REACH implementation. The concept and scientific approach of the 
project focusses on the generation of new data on concentration of ENMs by means of a new low cost 
monitoring station based on teh combiantion of state of the art measurement technologies and particle 
filtration elements.  
 
The data generated by the monitoring stations will be automatically transferred to the NanoMONITOR 
information system, available on-line on the project web site. This tool will be designed to help 
stakeholders, companies and other interested users to use monitorng data on the concentration on 
ENMs for regulatory purposes (i.e. REACH implementation) and/or deccision making.  
 
A demo version of the nanoaerosol monitoring station prototype will be available upon request to 
stakeholders and companies. This demo version is expected by May 2017. A beta version of the 
NanoMONITOR  information system is expected June 2017, being accesible on the prohect web site.  
 
Figure 1 shows the concept of the project, as well as an scheme of the ENMs monitoring station 
prototype.  
 

   
 
 
Figure 1. Left: NanoMONITOR concept. Right: Nanoaerosl measurement station prototype.  
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S1-P7 
 

DUSTINESS OF 14 CARBON NANOTUBE POWDERS USING THE VORTEX SHAKER METHOD  
 
Claire Dazon1, Olivier Witschger1, Sébastien Bau1, Raphaël Payet1, Karine Beugnon2, Geneviève 
Petit2, Thibaut Garin2, Laurent Martinon2 (1) Institut National de Recherche et de Sécurité (INRS), 
Laboratoire de Métrologie des Aerosols – F 54519 Vandoeuvre lès Nancy, France (2) LEPI, Ville de 
Paris, F-75013 Paris, France 
 
The widespread use of carbon nanotubes (CTN) in powder form in companies for developing CNT-
enhanced composites or laboratories for research on synthesis, uses and testing leads to the real 
possibility of inhalation exposures to airborne CNT if not properly mitigated. Handling CNT powders is 
a plausible scenario over the entire life-cycle for CNT. However limited exposure data exist today. In 
this context, there is no doubt that dustiness data can be of great interest for e.g., control banding or 
exposure modeling.  
Here we investigated the dustiness of 14 CNT powders using the Vortex Shaker (VS) method. In the 
configuration used in this work, the VS consists of specially designed stainless steel cylindrical tube 
with a conical bottom (102 cm3 in volume) that is continuously shaken according to a circular orbital 
motion (displacement amplitude of 4 mm, angular frequency of 30 Hz), and in which a small volume 
(0.5 cm3) of the tested powder nanomaterial is placed. HEPA filtered air passes through the cylindrical 
tube in order to transfer the released aerosol to the sampling and measurement section. The test 
protocol, that is about to be proposed for standardization at European level, is based on a 60 s time 
vibration and a measurement time of 600 s. 
For these tests, all samples have been ordered and obtained through the NANoREG Nanomaterials 
Information and Web-Order (NIWO) system. 
The data for the Vortex Shaker method in this work have been evaluated through three parameters: (i) 
the mass-based dustiness index (DIM) in respirable fraction, in mg/kg; (ii) the number-based dustiness 
index (DIN) in respirable fraction, in particles/mg; (iii) the number-based emission rate in respirable 
fraction, in particles/(mg.s). Moreover, number-based size distributions “accumulated” over the 
duration of the vibration were determined from Electrical Low Pressure Impactor (ELPI) data. These 
data were specifically post treated to take into account the electrometers detection limits. In addition, 
released airborne CNT were collected on TEM grids for electron microscopy (EM) 
observations/analysis. 
The obtained indexes spread over a wide range of 1.5 and 2.5 orders of magnitude for DIM and DIN 
respectively, suggesting a corresponding significant difference in terms of potential exposure when 
handling these CNT. For all particle size distributions measured, there is a mode around 2 µm in 
aerodynamic equivalent diameter. For few of them, there is a second mode below 100 nm. These 
results are confirmed by EM observations. 

 
Figure 6: Respirable mass dustiness indexes (mg/kg) and respirable number dustiness indexes (particles/mg) for the 14 CNTs 
tested at INRS. Data are presented with their 95% confidence intervals. Black bars correspond to the LOD in terms of respirable 
mass dustiness index. 
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S1-P8 
 

NANOID PLATFORM, TO DETECT AND QUANTIFY THE CHEMICAL NATURE OF 
NANOPARTICLES IN COMPLEX MATRICES 

Delphine Boutry1, Sylvie Motellier1, Romain Soulas1, Olivier Renard1, Jérôme Rose2, Henri Wortham3, 
Géraldine Sarret4, Thierry Guérin5, Sophie Lanone6, Marie Zimmer-Jehanne7, Julien Beausoleil8, (1) 
CEA – Grenoble, 17, rue des martyrs 38054 Grenoble / France (2) CEREGE - Technopôle de l'Arbois-
Méditerranée, BP80, 13545 Aix en Provence / France (3) LCE - 3, place Victor Hugo 13331 Marseille / 
France (4) ISTERRE - 1381 Rue de la Piscine, 38610 Gières / France (5) ANSES - 14, rue Pierre et 
Marie Curie 94701 Maisons-Alfort / France (6) INSERM - 8, rue du Général Sarrail 94010 Créteil / 
France (7) UIC - 14 Rue de la République, 92800 Puteaux / France (8) ARKEMA - BP34 64170 Lacq / 
France 

 
 
Nanotechnologies can bring many real opportunities and benefits for humans with incremental 
improvements of material properties as well as revolutionary applications in the fields of renewable 
energy, environment, medicine, etc. Nevertheless, this new industry can only develop if potential risks 
for workers, consumers and the environment are perfectly under control. 
In order to progress in the safety of nanomaterials, French Laboratories and industrials have to be 
able to perfectly characterise the actual nanoparticles in complex media such as soils, plants, food, 
nanoproducts, biological tissues and fluids, natural air, etc… 
The NanoID platform is an open platform comprising different new characterisation prototype 
equipments able to detect and identify NPs in complex matrices (solid, liquid, and gaseous). By 
combining all the characterization techniques, we are able to detect the chemical nature, the 
crystalline structure together with the size of nanoparticles or detecting specifically the engineered 
nanoparticles with a better low limit of detection. This platform is entirely dedicated to nanosafety 
issues: toxicology, ecotoxicology, expology, occupational medicine, consumer health, environmental 
issues. 
This platform was created thanks to the support of the French Government program “investissement 
d’avenir” of the French National Research Agency (ANR) and it is composed of 5 main equipment. 
This platform was developed and managed by a consortium of six partners perfectly complementary, 
representing all the nanosafety application fields: CEA-Liten (expology of workers and consumers, 
occupational medicine), CEREGE (ecotoxicology in aquatic system), ANSES (food, beverages and 
the gobal environment), INSERM (toxicology), ISTerre (ecotoxicology in soils), and LCE (Air). 
 
During the first phase of the project, specific characterization needs for nanosafety were identified at 
the National level (in consultation with other national laboratories by the project partners). All the tools 
were chosen, controlled and installed. The safety towards NPs of all tools were checked and they 
were technically optimized for specific measures of NPs in complex matrices. All the equipments were 
operational in their basic version at the end on this first step. 
During 7 years, equipment’s will be maintained, continuously improved and upgraded both in terms of 
characterization methods and sample preparation. 
This platform is now opened to all people that have needs in nanomaterial’s characterization like 
French laboratories, industrials but also it should be extend to European people thanks to the 
involvement of each partners in European FP6/FP7 projects (Nanoreg, Guidenano, Nanomile etc…). 
The link with the US-French cluster in ecotox (iCEINT coordinated by the CEREGE) will enable to 
imply also US partners. 
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S1-P9 
 

DEVELOPMENT AND APPLICATION OF A NOVEL ANALYTICAL APPROACH BASED ON 
ASYMMETRIC FLOW FIELD FLOW FRACTIONATION COUPLED TO ICP-MS FOR TIO2 

NANOPARTICLES DETERMINATION IN FOOD 
 
Givelet L.1, Boutry D.1, Motellier S.1, Jitaru P.2, Guérin T.2, Damlencourt J.F.1, (1) CEA Grenoble  – 17 
Avenue des Martyrs 38054 Grenoble France (2) Université de Paris-Est, Anses, Laboratoire de 
Sécurité des Aliments, F94700 Maisons-Alfort, France  

 
 

Titanium dioxide (TiO2) is a synthetic dye for food known as E171 being used to enhance the white 
color. Recent studies showed that this food additive is partially present at a nanoscale size (<100 nm). 
NanoParticles (NPs) size distribution can be determined by several analytical techniques including 
Asymmetric Flow-Field-Flow-Fractionation (A4F) coupled to Inductively Coupled Plasma – Mass 
Spectrometry (A4F-ICP-MS). A4F allows particles separation based on their size a nd 
zeta potential (electrostatic interaction). The aim of this work is the development of a method for TiO2 
characterization in food; this work aims primarily at the optimization of the A4F separation (focus on 
the membrane nature, flow, carrier liquid…). 
A Zetasizer Nano ZSP instrument was used to measure the zeta potential and the hydrodynamic 
diameter of TiO2 NPs in suspension in different media whereas the zeta potential of different A4F 
common membranes was measured by using an electrokinetic analyser SurPASS.  
Several samples (E171) were characterized in terms of specific surface, density and structure. 
Extraction of TiO2 from selected food samples (Chewing-gum, sweetmeat) was also carried out before 
the measurements by Scanning Electron Microscopy (SEM). 
Our results confirmed that zeta potential and hydrodynamic diameter of the particles are significantly 
impacted by pH. Furthermore, particle concentration, ionic strength, surfactant nature and 
concentration had also an effect on zeta potential and hydrodynamic diameter. Deionized water and 
FL-70 in basic condition seemed suitable for A4F application. 
The characterization of E171 samples confirmed the presence of TiO2 NPs in anatase form. SEM 
measurements of TiO2 NPs in food samples evidenced particles with size ranging from 30 nm to 500 
nm (see Fig. 1). 
This preliminary study allowed an optimum selection of the liquid carrier and the A4F membrane for 
the A4F-ICP-MS technique that will be employed for the determination (concentration, size 
distribution, etc.) of E171 additive in a selection of food samples. 

 
 
 

Figure 1. (a) Scanning Electron Microscopy image and (b) EDX spectrum of TiO2 particles 
extracted from chewing gum. 
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PERFORMANCE STUDY OF PORTABLE DEVICES FOR THE REAL-TIME MEASUREMENT OF 
AIRBORNE PARTICLE NUMBER CONCENTRATION AND SIZE (DISTRIBUTION) 

 
Sébastien Bau1, Raphaël Payet1, Olivier Witschger1 and Elzbieta Jankowska2 (1) Institut National de 
Recherche et de Sécurité (INRS), Laboratoire de Métrologie des Aerosols – F 54519 Vandoeuvre les 
Nancy, France (2) Central Institute for Labour Protection (CIOP-PIB), Department of Chemical, 
Aerosol and Biological Hazards, PL 00-701 Warsaw, Poland 
 
 
Nanomaterials have been increasingly developed and used in many technology and industry sectors 
over the last 20 years; thus increasing numbers of workers are likely exposed to airborne 
nanoparticles. The parameters that should be assessed to characterize airborne nanomaterials are 
still being debated, implementing a multi-metric approach has been thus recently suggested. In 
addition to chemical composition, airborne particle number concentration as well as particle size are 
among the parameters of interest. 
The aim of this experimental study was to investigate the performance of portable devices devoted to 
the real-time measurement of airborne particle number concentration and size (distribution). Both 
monodisperse and polydisperse aerosols, consisting of metals (carbon, titanium, constantane, silver), 
salts (sodium chloride, cesium chloride) and organic compounds (DEHS), were produced to challenge 
the instruments. Reference particle number concentration was provided by a Condensation Particle 
Counter (Grimm 5.401, d50 = 4.5 nm, Qaerosol = 1.5 L min-1), while the number size distribution was 
determined by a Scanning Mobility Particle Sizer (SMPS Grimm, composed of a Differential Mobility 
Analyzer DMA Vienna Type and a CPC 5.403, Qaerosol = 0.3 L min-1, Qsheath = 3 L min-1). 
The monodisperse test aerosols were DMA-selected in a range from 20 to 400 nm in diameter, with 
number concentrations between 103 and 105 cm-3. The polydisperse test aerosols were mainly 
produced within the CAIMAN facility [1], with modal diameters between 15 and 230 nm and number 
concentrations up to 106 cm-3. 
Up to now, the following instruments were studied: nanoscan (TSI, 3 specimens), DiSCmini (TESTO, 6 
specimens), nanotracer (Philips Aerasense, 1 specimen). Part of the experimental results is presented 
in Figure 1 below. The behavior of the different devices will be discussed in the presentation. 
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[1] Jacoby, J., Bau, S., & Witschger, O. (2011). J Phys, Conf Ser 304: 012014. 
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BIOSENSOR SURFACE PLASMON RESONANCE TO STUDY MELANIN 

 
Kh. AYADI1, H.BOUANDAS1, I.HABIA1, (1) Applied Optics Laboratory, Institute of Optics, University 
Ferhat Abbas, Setif 19000, ALGERIA, E-mail: bouandas_hiba@yahoo.fr; Ayadi.khaled@hotmail.com 

 
Surface Plasmon Resonance (SPR) shows several advantages for the study of organic interactions 
interacting with light, in particular, speed of response and accuracy. In this work, we study the 
influence of some parameters on the SPR response sensors, this technique was applied to an organic 
medium, such melanin. 
 
Tissue spectroscopy is an import diagnostic tool in biomedicine. The principle of this technique called 
"optical biopsy" based on the exploitation of the interaction between light and biological tissue, which 
mainly concern the absorption, fluorescence and elastic scattering of photons. This method involves 
making the analysis of the spectral measurements of the light-tissue interaction, associated with the 
various biological and pathological conditions, in order to extract information (biochemical and / or 
structural) interesting for diagnosis, including cancers 
 
Keywords: plasmon, surface plasmonresonance, SPR, ATR. Melanin 
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STUDY OF A NEW TRAP IMPACTOR FOR RESPIRABLE AEROSOL NANOBADGE SAMPLER 
 
Christophe Brouard,1 Michel Pourprix,1 Arnaud Guiot,1 Raphaël De Thoury,2, (1) NanoSafety Platform, 
CEA – Grenoble France, 17 rue des martyrs 38054 Grenoble Cedex 9, France (2) NanoInspect-
ALCEN, 6 rue Paul Baudry 75008 Paris, France 
 
 
An important safety aspect of the workplace environment concerns the severity of its air pollution with 
particles in the 10 µm - 10 nm size range including nanoparticles and their aggregates. Depending on 
the size and chemical nature of engineered Nanoparticles, exposure to those through inhalation can 
be hazardous because of their intrinsic ability to reach and deposit in the deep alveolar region of the 
lung. When the hazards are uncertain, precautionary safety measures in the nanomaterial industry 
should ideally involve a continuous monitoring of the personal exposure to airborne nanoparticles and 
their aggregates in order to minimize judiciously the exposure and to assess the effectiveness of 
implemented measures.  
 
This paper describes an adaptation of a size selective inlet of the NanoBadge sampler described 
elsewhere (a).  The inertia of particles is the operating principle of impactors. It is a good mean to 
separate particles based on their sizes and to stop the heaviest particles of a polydisperse aerosol. 
The most typical models are impactors and cyclones. There are three types of impactors: regular 
impactor with greased impaction plate, virtual impactors with two crossing flows and trap impactors 
where the greased plate is replaced by a trap. The interest of virtual impactors with no flow through 
the impaction orifice such as trap impactors is triple: softer cut-off than greased plate, low 
maintenance and use in more dusty environments.  
 
A significant number of impactors and cyclones adapted to the respirable fraction are reported in the 
state of the art for important flowrates (2 to 50 liter per minute). The one liter per minute flowrate of the 
NanoBadge sampler is however lower. An impactor containing an open cavity particle trap to select 
the respirable fraction has been designed, realised and evaluated both by simulation means and 
experiments. 
 
The sampling efficiency of the impactor prototype was evaluated in a low-velocity wind tunnel (0.1 
m/sec) with an aerodynamic particle sizer (APS) and polydispersed calcium carbonate particles as the 
test aerosol. Simulation studies were performed using Comsol Multiphysics software (finite element 
analysis).  
 

 
Simulation of air flow in trap impactor’s model 

 
 

(a) Christof Asbach, Simon Clavaguera, Ana Maria Todea, Measurement Methods for 
Nanoparticles in Indoor and Outdoor Air, The Handbook of Environmental Chemistry, 2015, 
423, 1-31. 
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EXPOSURE ASSESSMENT OF NANOMATERIALS AT PRODUCTION SITES BASED ON SHORT 
TIME SAMPLING: STRATEGY & METHODOLOGY OF THE STS-EA APPROACH 

 
C., Bressot1, N., Shandilya1, T., Jayabalan1, O., Le Bihan1, G., Fayet1, O., Aguerre-Chariol1, (1) Institut 
National de l'Environnement Industriel et des Risques (INERIS), Verneuil en Halatte, France 
 
The use of nanomaterials in various end products allows to achieve new and innovative properties 
which has resulted in their large scale deployment leading to an large exposure estimated to 300 000 
to 400 000 european workers (European Commission 2012). A new measurement approach is 
required to assess more precisely nanoparticle exposure at the workplace. 
An important aspect of the measurement campaign presented in this work is the sampling duration of 
the exposure assessment.  NP or NOAA exposures are believed to be usually a succession of several 
short-term exposures (Pietroiusti 2014). In addition, short-term aerosol measurements permit the 
identification of nanoparticle release points, thus designing source control at workplace.  
To satisfy these demands, a relevant measurement strategy must be able to distinguish the NP or 
NOAA from the particulate background and to take into account the inhalable NOAA i.e. below 10 µm 
in size during a very short sampling time. Therefore the assessment of exposure measurement should 
be able to deal with these issues and must be able to provide recommendations of nanosafety to all 
stakeholders. Mini particle sampler (MPS, Ecomesure) is a new equipment making possible such an 
improvement (R'mili 2013). 
The objective of the present work is to propose a global approach to assess the nanoparticle exposure 
assessment at workplaces (Figure 1). The methodology and strategy of the global approach is to 
perform the measurement campaigns using the Short Time Sampling named STS merging the tiered 
approach (Consent Report 2011) and the INERIS-CEA-INRS (INERIS - CEA - INRS 2012.) approach. 
To validate the method the STS approach has been tested on five different nanomaterials as NPs of 
zirconium dioxide (ZrO2), titanium dioxide (TiO2), silver (Ag); polyamide nanofibers; and multiwalled 
carbon nanotubes (MWCNT) used in 6 different process lines. 

 1 
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Figure 1. Schematic representation of the approach for Exposure Assessment at workplaces through 
STS-EA. 
References:  
Consent Report, (2011), https://www.vci.de/vci/downloads-vci/tiered-approach.pdf 
European Commission, (2012), http://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:52012DC0572 
INERIS - CEA - INRS, Witschger O, Le Bihan O, Reynier M, Durand C, Charpentier D, (2012.),  
Pietroiusti A, Magrini A. (2014), Occupational Medicine, 64, 319-30. 
R'mili B, Le Bihan OLC, Dutouquet C, Aguerre-charriol O, Frejafon E. (2013), Aerosol Science and Technology, 47, 767-75. 
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ASSESSMENT OF PERSONAL EXPOSURE TO AIRBORNE NANOMATERIALS: 
 “SAMPLING AND/OR MONITORING?” 

 
 
Simon Clavaguera1, Ana Maria Todea2, Barbara Simonow3, Asmus Meyer-Plath3, Bertrand Faure1, 
Arnaud Guiot1, Christof Asbach2 (1) NanoSafety Platform, CEA – Grenoble France, 17 rue des 
martyrs 38054 Grenoble / France (2) IUTA - Bliersheimer Straße 58-60, 47229 Duisburg / Germany 
(3) BAuA - Nöldnerstraße 40, 10317 Berlin / Germany 
 
 
Exposure to airborne nanomaterials needs to be assessed in view of worker protection. Exposure to 
airborne particles can best be determined by measuring directly in the personal breathing zone, i.e. 
within a 30 cm hemisphere around mouth and nose, which necessitates the use of personal samplers 
and monitors. Such nano-specific personal instruments have only become available in recent years. In 
the scope of the project nanoIndEx, we thoroughly studied the capabilities and limitations of the novel 
personal samplers and monitors in both laboratory and field studies. While samplers are used to 
collect particles for subsequent gravimetric, chemical and/or morphological analysis, monitors provide 
information on the airborne lung deposited surface area (LDSA) concentration with high time 
resolution. Some monitors also provide the number concentration and the mean particle size. The 
three-year project taught us numerous lessons on both the performance of the instruments as well as 
on field studies, which can have a significant impact on future personal exposure assessment. 
 
The advantages, disadvantages and possible synergies of the different personal instruments used 
during field measurements to assess personal exposure to airborne nanomaterials will be discussed. 
The evaluated dataset is based on a field study conducted in a pilot plant producing iron doped TiO2 
nanoparticles during which artificial release of NaCl particles was deliberately initiated inside the 
production facility to simulate a leak. Different granulometers and counters such as fast mobility 
particle sizer (FMPS) and condensation particle counter (CPC) were used to monitor the far field. 
 
The commercially available personal instruments studied during this field study included partector, 
NANOBADGE, DiSCmini and SIDEPAK. Several workers in the facility were equipped with those 
personal instruments. All the evaluated personal devices satisfied the basic requirements of 
wearability with respect to weight and bulkiness, robustness, battery operation time etc. and showed 
good field applicability. Personal monitoring and sampling has proven capable of providing relevant 
and reliable data regarding the individual exposure of workers. In some cases the personal 
instruments have proven to be superior to stationary devices, e.g., in cases of high temporal and 
spatial variability of the workplace aerosol. There might be a certain conflict, however, between 
monitoring and sampling if very short activities are to be investigated, as limits of detection of certain 
analytical methods may require longer sampling times than monitoring periods. On the contrary, 
samplers could provide more directly mass concentration shift averages with the advantage to enable 
the identification of specific morphological or chemical features. Consequently, the need for either 
personal sampling or personal monitoring depends strongly on the task and the question to be tackled. 
In many cases, a combination of sampler and monitor will be the best choice. 
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PERSONAL EXPOSURE TO NANOPARTICLES IN 3D-PRINTING 
 
Kangas A.1, Kukko K.2, Huhtiniemi M.1, Kanerva T.1, Säämänen, A.1, Hämeri K.3, Viitanen A.-K.1, (1) 
Finnish Institute of Occupational Health, P.O.Box 40 FI-00251 Helsinki, Finland (2) Department of 
Engineering Design and Production, P.O.Box 14100 FI-00076 Aalto University, Finland (3) 
Department of Physics, Division of Atmospheric Sciences, P.O.Box 64 FI-00014 University of Helsinki, 
Finland 
 
 
Three dimensional printing (3D-printing) utilizes digital model and creates physical objects from raw 
materials layer by layer. It is a novel manufacturing process that is expected to become a viable future 
success in several industrial fabrication processes e.g. aerospace, automotive, electronics industry 
(Gausemeier et al. 2011). There are different technologies available from large industrials settings to a 
smaller scale table printers for consumer use. The variety and availability of the materials used in 3D-
printers is very wide, varying from different polymers, such as acrylonitrile-butadiene-styrene (ABS) 
and polylactic acids (PLA) to a plasters as well as metals. In several 3D-printing technologies heat is 
used to mold the raw material on printing process.  
 
Typical manufacturing processes related with high temperature, such as welding or smelting produces 
nanoparticles (Elinh et al. 2011) whereas e.g. Lee at al. (2001) assayed a laser printer to emit higher 
amount of VOCs than ink printer due to higher temperature in laser printer. However, the personal 
exposure during 3D-printing has not been studied. Only few studies on emission of nanoparticles have 
been published. Stephens el al. (2013) classified a commercial desktop 3D-printers as a strong 
nanoparticle sources. Kim et al. 2015 used two desktop 3D printers to study particulate and gaseous 
compounds in an exposure chamber before, during and after the printing. Both studies concluded that 
more research is needed to evaluate particle emissions of desktop 3D-printers more fundamentally. 
 
We have studied different workplaces to determine levels of nanoparticles and gaseous compounds in 
air during different work phases of industrial 3D-printing. Particle number concentration and the lung 
deposited surface area (LDSA) were measured from the worker´s breathing zone in order to 
determine the workers’ exposure to nanoparticles. Transmission electron microscopy was used to 
characterize particles. Concentration and variation of volatile organic compounds (VOCs) were also 
measured.  
 
Workers personal exposure along with the concentration levels of particles and gaseous impurities 
during 3D-printing work will be presented. Different work phases where worker´s exposure occurs will 
be identified and suitable control measures discussed.  

 
The study was supported by Finnish Work Fund (project numbers 114337, 114406, 114374). 
 
 
Gausemeier J., Echterhof N, Wall, Kokoschka M, Wall M, Thinking a head the Future of Additive 
Manufacturing- Analysis of Promising Industries, University of Paderborn, 2011 
Elihn K., Berg P., Lidén G., Correlation between airborne particle concentrations in seven industrial 
plants and estimated respiratory tract deposition by number, mass and elemental composition, Journal 
of Aerosol Science 42 (2011) 127-141  
S.C. Lee, Sanches Lam, Ho Kin Fai, Characterization of VOCs, ozone, and PM10 emissions from 
office equipment in an environmental chamber, Building and Environment 36 (2001) 837–842. 
Stephens, B., Azimi, P., El Orch, Z., Ramos, T., Ultrafine particle emissions from desktop 3D printers. 
Atmos. Environ. 79 (2013) 334–339.  
Kim Y., Yoon C., Ham S., Park J., Kim S., Kwon O., Tsai P-J., Emissions of Nanoparticles and 
Gaseous Material from 3D Printer Operation, Environmental Science and Technology 49 (2015) 
12044-12053 
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EXPOSURE TO INCIDENTAL NANOPARTICLES AT DIFFERENT WORKPLACES  
 
Mirella Miettinen1, Maija Leppänen1, Jani Leskinen1, Jorma Jokiniemi1, Anna-Kaisa Viitanen2, 
(1) Department of Environmental and Biological Sciences, University of Eastern Finland, P.O. Box 
1627, 70211 Kuopio, Finland (2) Finnish Institute of Occupational Health, P.O. Box 486, 33101 
Tampere, Finland 
 
The experts have already in 2009 agreed that exposure to ultrafine- and nanoparticles poses the 
strongest emerging risk in the workplaces (EU-OSHA, 2009). However, nanoparticle fraction of the 
inhalable dust is rarely determined.  
Here, nanoparticle fraction of the inhalable dust at three occupational fields (gas tungsten arc welding 
(GTAW) of stainless steel, metal grinding, and bakery) was determined using a customized cyclone 
before a conventional IOM-sampler. The cyclone cuts off particles with aerodynamic diameter (Da) > 
0.5 μm. Both conventional and modified IOM-sampler were carried simultaneously by the worker. In 
addition, on-line mass concentration was measured from a static point near the worker with a Tapered 
Element Oscillating Microbalance with and without the cyclone. The workers in metal grinding and 
bakery did not use any respiratory protective equipment (RPE). The welder used a fan assisted mask 
with a helmet (TH3P). 
The nanoparticle fraction of the inhalable dust was the highest in the GTAW welding comprising 28-36 
% (Figure 1). The nanoparticle fraction of the inhalable dust in the metal grinding and bakery was 20 
% and 9-15 %, respectively, at the two measurement days reported here.  
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Figure 1. Mass concentrations of nanoparticles measured with IOM + cyclone (orange) and inhalable 

dust measured with IOM (blue) at two different measurement days in each workplace. 
 
The results indicated that nanoparticle fraction can comprise up to one third of the inhalable dust in the 
GTAW, and one fifth in the metal grinding. Also in the bakery the nanoparticle fraction can be over 10 
% of the inhalable dust. Appropriate exposure control activities (such as local ventilation, RPE) are 
recommended.  
 
References: EU-OSHA, Workplace exposure to nanoparticles. Document published 3.6.2009. 
[https://osha.europa.eu/en/tools-and-publications/] 
 
This    work    was    supported    by    the    Finnish    Work Environment Fund under grants 115172 
and 116221. 
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 NANOPARTICLES IN OCCUPATIONAL ENVIRONMENTS –EVALUATION AND ASSESSMENT 
OF PERSONAL EXPOSURE 

 
T. Kanerva1, A. Kangas2, A. Säämänen1, M. Miettinen3, A-K. Viitanen1, (1) Finnish Institute of 
Occupational Health, P.O. Box 486, 33101 Tampere, Finland (2) Finnish Institute of Occupational 
Health, P.O. Box 40, 00251 Helsinki, Finland (3) Department of Environmental and Biological 
Sciences, University of Eastern Finland, P.O. Box 1627, 70211 Kuopio, Finland 
 
 
Despite advances in the assessment and management of occupational risks in the nanotechnologies, 
there still remains need for more detailed and focused information on the workers personal exposure 
to nanoparticles. At the same time the general interest towards particulate matter emissions and risks 
is growing due to increased awareness and understanding of different aspects and phenomena 
affecting peoples´ health and well-being. In the occupational environments typical nanoparticle aerosol 
measurements are carried out in the stationary locations close to the process to get information of the 
aerosol concentrations in these areas. However, the majority of the current instrumentation for the 
nanoparticle aerosol measurement and characterization are not suitable for breathing zone 
measurements needed for the assessment of personal exposure, but are designed for more static, 
slow and traditional aerosol measurements. 
 
In this study the personal exposure for nanoparticles was evaluated from the worker breathing zone in 
several workplaces using direct reading personal instruments (DISCmini, Testo AG, Germany; 
Partector, Naneos Gmbh, Switzerland). The workplaces were representing variety of occupational 
fields: metal working, welding, bakery, hairdresser and wood industry, to get a comprehensive view 
from different types of nanoparticle emissions. The metrics used were number concentration and 
averaged lung deposited surface area. The breathing zone results were complemented to 
simultaneous area sampling (fixed point) aerosol measurement results, providing concentrations and 
size distributions of the aerosols. The information and results from different metrics was discussed.  
 
Personal sampling of the nanoparticles was shown to improve the assessment of workers’ personal 
exposure to nanoparticles. In addition to workers´ task or shift based studies, the assessment of 
exposure included the assessment of the control measures and the exposure management utilized in 
the workplace. Personal exposure levels in different occupational environments studied were 
described and related health risks discussed.  
 
This work was supported by the Finnish Work Environment Fund under grants no. 115172 and no. 
116302. 
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EXPOSURE ASSESSMENT METHOD FOR PRODUCTS CONTAINING NANOMATERIALS USING 
A GAS SAMPLE INTRODUCTION SYSTEM FOR ICP-MS 

 
Yasuto Matsui1, Nobuyuki Kato2, Kohe Nishiguchi3, Minoru Yoneda4, (1) Safety Research Center, 
Kyoto University, Rakuyu Bekkan, Yoshida, Sakyo, Kyoto, 606-8316 Japan (2) J-SCIENCE LAB co., 
ltd., 3-1 Kamitoba, Minami, Kyoto, 601-8144 Japan (3) National Institute of Occupational Safety and 
Health, 6-21-1, Tama, Kawasaki, 214-8585 Japan (4) Graduate School of Engineering, Kyoto 
University, Katsura, Nishigyo, Kyoto, 615-8540 Japan 
 
The spread of products containing nanomaterials calls for effective practical methods to assess their 
risk. Often, however, manufacturers and others have forgone risk assessments due to a lack of any 
standard established methods. In addition, high-sensitivity analysis is needed to accurately assess the 
amounts of nanomaterials from products. In this study we sought to measure the amounts of 
nanomaterials from products in high-sensitivity and in-situ settings. 
  We attempted to perform a quantitative analysis by inductively coupled plasma mass spectrometry 
(ICP-MS) using a gas sample introduction system attached to a Gas Exchange Device (GED) 
produced by J-SCIENCE LAB. The GED is used to exchange ambient air with an argon gas 
containing nanomaterials at an exchange ratio of over 99.99%. Air is sampled in close proximity to 
resins or rubbers partly composed of nanomaterials as they are being scratched or shredded. Once 
the sampled air is supplied to the GED, nanoparticles in the argon gas reach the plasma and the 
temporal metal concentration is detected. 
  This method was used for the exposure assessment of a polyether ether ketone (PEEK)/carbon 
nanotube (CNT) nanocomposite as it was sanded.  
  The following Lowe graph plots the weights of particles of variable diameters determined using an 
FMPS (Fast Mobility Particle Sizer) and GED-ICP-MS. The weights of particles with diameters under 
120 nm almost match. Based on this result, the amount of CNT deposited in the lung during scratching 
was estimated to be 1.29×10-5 mg/kg/day. This finding indicates that high-sensitivity analysis can be 
feasibly performed within a short time. 
 
 



International Conference on Health & Safety Issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

  

Session 2 
EXPOSURE  

P
a

g
e

 2
1

5
 

S2-P7 
 

LABORATORY TESTS OF STATIONARY AND PERSONAL NANOPARTICLE INSTRUMENTS  
FOR THE ASSESSMENT OF AIRBORNE NANOFIBRE EXPOSURES 

 
Asmus Meyer-Plath1, Barbara Simonow1, Daniela Wenzlaff1, Sabine Plitzko1, Ana Maria Todea2, 
Bertrand Faure3, Simon Clavaguera3, Martin Fierz4, Christof Asbach2, (1) Federal Institute for 
Occupational Safety and Health (BAuA), Nöldnerstr. 40-42, 10317 Berlin, Germany (2) IUTA - 
Bliersheimer Straße 58-60, 47229 Duisburg, Germany (3) CEA - 17, rue des martyrs 38000 Grenoble, 
France (4) FHNW - Bahnhofstrasse 6, 5210 Windisch, Switzerland 

 
 
Exposure to airborne nanomaterials needs to be assessed in view of worker protection. It can best be 
determined by measuring directly in the personal breathing zone, i.e. within a 30 cm hemisphere 
around mouth and nose, which necessitates the use of personal samplers and monitors. Such nano-
specific personal instruments have only become available in the recent years. In the scope of the 
project nanoIndEx, we thoroughly studied the capabilities and limitations of the novel personal 
samplers and monitors in both laboratory and field studies. While the samplers are used to collect 
particles for subsequent gravimetric, chemical and/or morphological analysis, monitors provide 
information on the airborne lung deposited surface area (LDSA) concentration with high time 
resolution. Some monitors also provide number concentrations and estimates of mean particle size. 
The three-year project taught numerous lessons on both the performance of the instruments as well 
as on field studies, which can have a significant impact on future personal exposure assessment.  
 
Potentially asbestos-like fibrous morphologies together with biopersistent material properties have 
raised concerns about possible lung carcinogenicity of nanofibres. An important aspect of the project 
therefore was to study current means for personal exposure assessment to airborne nanofibers. The 
work focused on occupational risk related to the inhalation of carbon nanotubes and carbon 
nanofibres. Laboratory tests of personal instruments were performed at BAuA’s nanofibre exposure 
facility with its 400-Liter chamber using well characterized nanofibre aerosols. The aerosols were 
generated from two different MWCNT types, i.e. Baytubes C150P and Arry ARIGM001, and both 
contained a large fraction of individualized fibres. Depending on the detection principle, device-specific 
deviations were found when comparing derived particle and mass concentrations to filter counting and 
carbon volume estimation results, respectively. Results of the different instrument responses to 
nanofibre aerosols are presented and discussed.  
 
It was found that none of the currently available online monitoring instruments was capable of reliably 
measuring the concentrations of airborne fibres. Their general sensitivity is not sufficient to control 
recommended exposure levels for fibres in the order of 0.01 fibres per cm³ that need to be 
distinguished from other particles in the air, which appear at much higher concentrations. Current 
measurement devices were designed to characterise equivalent-sphere properties. Their response to 
nanofibers and low-density CNT/CNF agglomerate is mostly unknown. The work contributes to better 
understanding principle limitations as well as over- or underreporting errors of the devices when 
challenged with fibrous materials. Fibre-selective detection principles should be identified and 
developed in future work to provide means for sufficiently sensitive online detection of nanofibre 
exposures. Currently, nanofibre exposure assessment still fully has to rely on filter sample analysis, 
which requires laborious SEM-based morphological characterization and quantification. For this, the 
development and harmonization of a nanofibre classification and counting protocol was initiated.   
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DRY AEROSOLIZATION TECHNIQUE FOR CONTINUOUS AND STABLE GENERATION OF  
CARBON NANOTUBE AEROSOLS CONTAINING A LARGE FRACTION OF INDIVIDUAL FIBERS  

 
Barbara Simonow1, Daniela Wenzlaff, Asmus Meyer-Plath1, Sabine Plitzko1, (1) Federal Institute for 
Occupational Safety and Health (BAuA), Nöldnerstr. 40-42, 10317 Berlin, Germany 
 
 
Carbon nanotubes (CNTs) and carbon nanofibers (CNFs) are in the focus of research and 
development and used in numerous industrial applications. However, the potentially asbestos-like 
fibrous morphology and biopersistence of such nanofibers have raised concerns about potential lung 
carcinogenicity. To assess occupational risks of workers handling CNTs and other fibrous nanoscale 
materials, inhalation exposure to airborne fibers must be quantified. Different monitors and samplers 
for detecting and characterizing nanoscale airborne particles are available and have been applied in 
workplace measurements. However, most of them are designed to characterize particulate, not fibrous 
aerosols. Up to now, the instruments have not been tested for their response to fibrous nanoscale 
airborne particles. For comprehensive instrument testing, a reliable and reproducible method to 
generate fiber-containing atmospheres is required.  
 
As a part of the project nanoIndEx, we have developed an aerosol generation technique, which allows 
a continuous production of CNT fiber aerosols from agglomerated CNT powders. The method is 
distinguished by the large fraction of individualized CNTs that it can generate. Dry glass beads with 
diameters in the range of 400 - 600 µm were used to dilute dry CNT agglomerates at well-defined 
mass ratios by mixing. The obtained, highly-diluted CNT mixture forms a freely-flowing material that 
allows controlling the absolute CNT feeding rate by adjusting the mass mixing ratio and/or the feeding 
speed. A volumetric feeder transports the mixture to the inlet of a Venturi nozzle that aerosolizes the 
material. Downstream, a cyclone separates the ultra-fine fraction from the glass beads and larger 
agglomerates. 
 
Our combination of a critical nozzle and the glass beads proved to be highly effective in generating 
aerosols containing individual CNT fibres. Experiments with commercially-available multi-walled CNTs 
(MWCNTs) showed that a nozzle feed rate of 0.0003 g MWCNT/s was capable of generating about 15 
million CNT-agglomerate fragments per second. We applied the method to generate aerosols with 
particle number concentrations of 60.000 to 100.000 #/cm³ in a cylindrical 400 L exposure chamber. 
Different to vortex-shaking or vibro-fluidizing generators, the techniques does not re-use and age a 
specific batch of CNT material but continuously feeds new material from the reservoir containing the 
CNT-bead mixture to the aerosolizing nozzle. Therefore, the duration of stable aerosolization 
operation is only limited by the volume of the CNT-bead reservoir. In order to investigate the 
morphology of the generated aerosols, they were sampled by nuclepore filtering and electrostatic 
precipitation. A high ratio of individual fibers was found together with a significant fraction of loosely 
clustered CNT agglomerates that exhibit fibrous features. 
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APPROACH FOR THE EXPOSURE ASSESSMENT AT THE VARIOUS STAGES OF THE 
NANOMATERIAL-ENABLED PRODUCT LIFE CYCLE 

Maida Domat1, Carlos Fito1, Araceli Sánchez-Jiménez2, Sally Spankie2, Karen Galea2, Andrew 
Apsley2, Ioannis Basinas2, Wouter Fransman3, Eelco Kuijpers3, (1) ITENE, C/ Albert Einstein, 1, 46980 
Paterna, Spain (2) Institute of occupational medicine, Research Avenue North Riccarton EH14 4AP 
Edinburgh, UK (3) TNO, Utrechtseweg 48, 3704 HE Zeist, Netherlands 

 
Within the GUIDEnano project, a European research project funded under the 7th framework program, 
a total of eight case studies from different industry sectors were investigated. 

The exposure assessment strategy followed a three-tier approach where the level of detail of the 
assessment increases and uncertainty decreases with the tier.  We started on tier one and evaluated 
the available information to decide whether to proceed with tier two or tier three (when we considered 
exposure was likely and potentially moderate or high) or to stop there (when we considered exposure 
was low or unlikely). 

Table 1 gives a summary of the relevant data used to determine likelihood of exposure (LoE) and 
presents an assessment of the LoE based on the criteria given. The ratio of the activity to background 
measurements (or blank) is given. This means an airborne concentration of 10% over the background 
was considered to be non-negligible. 

It can be seen from the qualitative results that if the ENM is absent in the background but parent i.e 
released during the activity then exposure is classified as ‘Possible/not excluded’ if there is no 
elevation of the airborne concentration by 10%. However if the airborne concentration measured 
during the activity is elevated by 10% with respect to the background then exposure is classified as 
‘Likely’. Exposure is unlikely if the qualitative results show no ENM in the background or released 
during the activity and there is not elevation of concentration over background by 10% during the 
activity. 

Some processes were replicated within an exposure chamber under controlled contditions to assess 
the emission rates with practically no background or other processes that could influence the selected 
scenario. 

Table 1: Likehood of exposure of the scenarios selected from the case studies 
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DOES LOCAL EXHAUST VENTILATION PROVIDE SUFFICIENT PROTECTION AGAINST 
AIRBORNE NANOPARTICLE EXPOSURE? 

 
Ian Marshall1, Jason Southgate1, (1) Ricardo Energy & Environment, Unit 2 Ludbridge Mill, Reading 
Road, East Hendred, Wantage, Oxfordshire, OX12 8LN, UK 
 
 
The risk assessment for a process has been completed and the need for local exhaust ventilation 
(LEV) has been identified.  The LEV has been designed, installed and commissioned.  Is that enough 
to demonstrate that exposure is controlled?  Have airborne concentrations been measured throughout 
the facility, both near obvious particle sources and everywhere else?  A case study is presented 
demonstrating the need to both consider the design of an entire LEV system and to monitor 
extensively to demonstrate its effectiveness. 
 
A well designed LEV system was in place.  Personnel undertaking the particle generating processes 
were protected very effectively.  However, emissions leaving the LEV stack were entrained into a 
region around the stack due to local conditions and the building configuration.  Subsequently, 
significant concentrations were reentering the building above the reception area and spreading 
throughout the communal areas of the building well away from where the particle generating 
processes were being undertaken.  This would have gone undetected unless precautionary 
measurements were taken. 
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AN EXPOSURE ASSESSMENT METHOD FOR PRODUCTS CONTAINING CARBON NANOTUBES 
INSIDE A TEST CHAMBER 

 
Taiki Nagaya1, Nobuyuki Kato1, Isamu Ogura2, 3, Kuniaki Gotoh4, Minoru Yoneda1, Yasuto Matsui5 (1) 
Graduate School of Engineering, Kyoto University, Katsura, Nishikyoku, Kyoto, 615-8540, Japan (2) 
National Institute of Advanced Science and Technology (AIST), 16-1, Onogawa, Tsukuba 305-8569, 
Japan (3) Technology Research Association for Single Wall Carbon Nanotubes (TASC), 16-1, 
Onogawa, Tsukuba 305-8569, Japan (4) Graduate School of Natural Science and Technology, 
Okayama University, 3-1-1, Tsushima-naka, Kitaku, Okayama 700-8530, Japan (5) Agency for Health, 
Safety and Environment, Kyoto University, Yoshidahonmachi, Sakyoku, Kyoto, 606-8501, Japan 
 
Polymer/carbon nanotubes are being researched and developed to take advantage of their 
distinguished properties. As the research and development continues, more and more quantitative risk 
assessments on nanotubes will be required. The characteristics of aerosol particles generated from 
composite materials during sanding or Taber abrasion tests must be determined for exact risk 
assessment. Some researchers have achieved this by applying loads to composite materials using 
sanding or Taber abrasion machines and then analyzing the particles obtained with aerosol-measuring 
instruments and electron microscopes. 
  A number of studies, however, have reported difficulties in measuring aerosol particles generated by 
Taber abrasion tests on polymer/carbon nanotubes using aerosol-measuring instruments. These 
difficulties can be attributed to the small amounts of aerosol particles generated by the tests. Some of 
the examinations were also executed in the presence of abundant background aerosol particles in the 
testing environments. 
  The objective of this study was to develop an examination method for measuring aerosol particles 
even with very small amounts of aerosol particles generated by Taber abrasion. A Taber abrasion 
machine was miniaturized to a scale sufficient to enable placement inside a small chamber. A HEPA 
filter was attached to the chamber to eliminate background aerosol particles. Polymer/carbon 
nanotubes were abraded with the miniaturized Taber abrasion machine inside the chamber and the 
generated particles were sampled.  
 

0

50

100

150

200

250

300

350

400

1 10 100 1000

d
N

/d
lo

g
D

p
(*

/c
m

3
)

Diameter (nm)

 
Number concentration of background aerosol particles in the chamber 

 
Acknowledgment: 
This is based on results obtained from a project commissioned by the New Energy and Industrial 
Technology Development Organization (NEDO). 
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QUANTITATIVE MEASUREMENT OF CARBON NANOTUBES RELEASED FROM THEIR 
COMPOSITES BY THERMAL CARBON ANALYSIS 

 
Isamu Ogura1,2, Mari Kotake2, Seisuke Ata1,2, Kazumasa Honda1,2, (1) National Institute of Advanced 
Industrial Science and Technology (AIST) – 16-1 Onogawa, Tsukuba, Ibaraki, 305-8569, Japan (2) 
Technology Research Association for Single Wall Carbon Nanotubes (TASC) – 16-1 Onogawa, 
Tsukuba, Ibaraki, 305-8569, Japan 
 
 
Carbon nanotubes (CNTs) have unique properties, and therefore, their use as a filler material in 
composites is considered promising. However, the release of free CNTs and CNTs partly or fully 
embedded in matrix debris may occur during mechanical and abrasion processes of CNT composites. 
Although the harmful effects of the CNT/matrix mixture have not yet been fully evaluated, it is 
considered that any exposure to CNTs including the CNT/matrix mixture should be measured and 
controlled. 
Thermal carbon analysis, such as Method 5040 of the National Institute for Occupational Safety and 
Health (NIOSH), is often used as a quantitative measurement of CNTs in the air [1-3]. This is a 
method to quantify organic carbon (OC) and elemental carbon (EC). This method is currently one of 
the most reliable quantitative methods for measuring CNTs in the air. However, when a large quantity 
of other carbon material exists, this technique may be inapplicable. 
In this study, we evaluated the potential for using thermal carbon analysis to determine CNTs in the 
presence of a polymer. Masses of OC, EC, and total carbon (TC) in each sample placed in a boat 
made of Au foil or a quartz fiber filter were measured using a thermal-carbon analyzer (CAA-202M-D, 
Sunset Laboratory Inc., USA). The results were compared with gravimetric measurement of the 
sample mass obtained using an ultra-microbalance. 
First, CNT powder was analyzed. The amounts of detected TC were comparable to the gravimetrically 
measured masses of the CNT powder. The CNTs were essentially detected as EC. However, for 
some kinds of CNTs, several tens of percent of the CNTs were detected in the OC fraction when the 
NIOSH Method 5040-based temperature-step protocol (temperature increased to 870°C under inert 
conditions) was used. Therefore, the Interagency Monitoring of Protected Visual Environments 
(IMPROVE)-based protocol was considered better for such kinds of CNTs. Next, wear powder from 
polymers containing no CNTs was analyzed. The amounts of detected TC were in good agreement 
with the carbon masses of the polymers calculated by their gravimetric measured masses and carbon 
content. Polypropylene (PP), polystyrene (PS), polyamide (PA), polybutylene terephthalate (PBT), 
polytetrafluoroethylene (PTFE), polychlorotrifluoroethylene (PCTFE), and acrylonitrile-butadiene 
rubber (NBR) were detected mostly in the OC fraction, indicating that they are potentially 
distinguishable from CNTs detected in the EC fraction. On the other hand, polycarbonate (PC) and 
polyetheretherketone (PEEK) were detected in both OC and EC fractions, indicating that they are 
hardly distinguishable from CNTs. Finally, wear powder from polymers (PP, PS, PA, or PBT) with 
known CNT content was analyzed. The amounts of detected OC and EC were comparable to the 
calculated carbon masses of the polymer and the CNTs in the wear powder of CNT composites, 
respectively. Our results therefore showed that thermal carbon analysis is capable of determining 
CNTs in distinction from most polymers. Because the thermal carbon analysis is unable to differentiate 
free CNTs from CNTs embedded in the matrix, the amount of total CNTs obtained from the thermal 
carbon analysis may lead to overestimation of the risk of CNTs. However, such information could be 
useful for the initial risk assessment. 

 
Acknowledgment: 

This is based on results obtained from a project commissioned by the New Energy and Industrial 
Technology Development Organization (NEDO). 
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bulletin 65: Occupational exposure to carbon nanotubes and nanofibers. 
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[3] Ogura (2013). Guide to measuring airborne carbon nanotubes in workplaces. https://en.aist-
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CHARACTERIZATION OF RELEASED AEROSOL FROM PHOTOCATALYTICS PAINTS UNDER 
REALISTIC SANDING 

 
Stéphane Delaby1, François Gaie-Levrel2, Stéphane Manixay4, Marlène Wiart3, Anna Bencsik4, (1) 
Centre scientifique et technique du bâtiment (CSTB), Saint-Martin d’Hères, France (2) Laboratoire 
national de métrologie et d'essais (LNE), Paris, France (3) Inserm U1060, Université Claude Bernard 
Lyon 1, CarMeN, Lyon, France (4) ANSES, Unité Maladies Neurodégénératives, Lyon, France 
 
Engineered Nanomaterials such as TiO2, NTC, SiO2 or Ag, are increasingly used in the construction 
products, e.g. cement, wet mortar and concrete, coatings and paints. It is assumed that the majority of 
nanomaterials are most likely safe, at least at concentrations for which workers are exposed. 
However, many questions are still open concerning the impact of these nanomaterials on workers’ 
health when handling these products. As an example, the degradations induced by the abrasion 
mechanisms of nanocomposite materials could induce the release of nanoparticles into the 
environment for which chemical nature, size and concentrations are mostly unknown. In that context 
the most common route of exposure to nanoparticles is inhalation and the nanoparticle sources are 
aerosols and nano-aerosols generated by activities in the construction industry. Although some 
experimental studies underlined potential hazardous effects of inhaled nanoparticles like lung 
inflammation or some affection of the cardiovascular system, none reported a potential impact on the 
nervous system despite the fact that nanoparticles inhaled through the nose can translocate to the 
brain directly via the nerve endings of olfactory neurons especially in case of chronic exposure.  

The aim of the “Release_NanoTox” project is to determine, by a realistic approach, the impact on the 
central nervous system of particles released from nanocomposite materials, such as nano-additived 
paints with TiO2 nanoparticles, under stress use. Here we report the results of the physico-chemical 
characterization of aerosol emissions from these nanocomposite materials in an exposure chamber. 
Abrasion tests were performed using a rotating sander to simulate the mechanical abrasion process. 
The particle size distributions and the associated concentrations and morphologies (free or 
agglomerated nanoparticles or embedded nanoparticles in polymer matrix) of aerosolized particles 
were measured and studied with on-line (FMPS, APS and TEOM) and off-line measurements 
(electronic microscopy on MET grid). Airborne particles were sampled in the exposure chamber of 
rodents. Presence of TiO2 nanoparticles at the surface of dry paint could be confirmed. Abrasion leads 
to a production of complex aerosols that also contained TiO2 nanoparticles after the mechanical 
abrasion process. Such emitted aerosol will be used for in vivo studies to evaluate their potential 
neurotoxicity in rodents after chronic inhalation exposure that mimics workers’ exposure. 

The authors would like to acknowledge the French Agency for Food, Environmental and Occupational 
Health & Safety (ANSES) for funding this project Release_NanoTox.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



International Conference on Health & Safety Issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 

Session 3.1 
RELEASE FROM NANO-ENABLED PRODUCTS 

P
a

g
e

 2
2

3
 

S3.1-P4 
 

AIRBORNE PARTICLES RELEASED BY CRUSHING CNT COMPOSITES 
 
Isamu Ogura1,2, Chihiro Okayama3, Mari Kotake2, Seisuke Ata1,2, Yasuto Matsui4, Kuniaki Gotoh3, (1) 
National Institute of Advanced Industrial Science and Technology (AIST) – 16-1 Onogawa, Tsukuba, 
Ibaraki, 305-8569, Japan (2) Technology Research Association for Single Wall Carbon Nanotubes 
(TASC) – 16-1 Onogawa, Tsukuba, Ibaraki, 305-8569, Japan (3) Okayama University – 3-1-1 
Tsushima-naka, Okayama, 700-8530, Japan (4) Kyoto University, Yoshidahonmachi, sakyoku, Kyoto, 
606-8501, Japan 
 
Carbon nanotubes (CNTs) exhibit unique properties, and are promising candidates as filler materials 
in composites. Although composites based on CNTs are expected to be used in a wide range of 
industrial applications and consumer products, the potential impact of CNTs on human health remains 
a concern. Therefore, in order to control exposure to CNTs, an awareness of the potential release of 
CNTs throughout their life cycle is important. 
In this study, we investigated airborne particles released as a result of crushing CNT composites. A 
crushing test was conducted using a laboratory scale crusher with rotor blades (Wonder Crusher WC-
3, Osaka Chemical Co., Ltd., Japan). The container (108 mmΦ × 51 mm) of the crusher was modified 
by providing air intake and exhaust ports for sampling the airborne particles. The rotation speed was 
set at 7,900 or 18,750 r/min (adjustment levels of 3 and 7, respectively); and the crushing time was 
106 and 45 s, respectively; so that the total number of rotations reached 14,000. For each crushing 
test, five pellets (approximately 0.1 g) of a polymer (polystyrene: PS, polyamide: PA, or polycarbonate: 
PC) containing multiwall CNTs (Nanocyl NC7000 or CNano Flotube 9000), or no CNTs, were placed in 
the container. Prior to the test, purified air was passed through the container to eliminate background 
particles, and the airborne particles released in the container by the crushing process were then 
measured using real-time aerosol measuring instruments and collected on filters or grids for electron 
microscopic analysis. 
In the real-time aerosol measurements, increases in the concentration of nanometer- and micrometer-
sized particles were recorded, regardless of sample type. Similar increases were also observed when 
CNT-free polymers were crushed. In the electron microscopic observations, particles with protruding 
CNTs were observed. Free-standing CNTs were not found, except for a poorly dispersed CNT-PS 
composite sample, for which particles like agglomerated CNTs were found. 
This study demonstrated that the crushing test using a laboratory scale crusher is capable of 
evaluating the potential release of CNTs as a result of crushing CNT composites. This method has the 
advantage that only a small amount of sample (several pieces of pellets) is required. 
 
Acknowledgment: 

This is based on results obtained from a project commissioned by the New Energy and Industrial 
Technology Development Organization (NEDO). 

 

 
Schematic of experimental setup. 
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MECHANICAL AGEING OF NANOMATERIALS: EXPERIMENTAL SET UP AND ABRASION 
TRENDS 

 
Arnaud Guiot1, Aurélien Auger1, Jean-François Damlencourt1, Carlos Conception Heydorn2, Marta 
Santiago3, Ewa Lie4, Alexei A. Antipov5, , Alejandro Vilchez6, Socorro Vasquez6, Delphine Boutry1, (1) 
CEA – Grenoble, 17, rue des martyrs 38000 Grenoble / France (2) TORRECID – Alcora, Ptda Torreta 
s/n 12110 Alcora (Castellón) / Spain (3) HEMPEL – Polinyà, Carretera de Sentmenat, 108. Polinyà / 
Spain, (4) INNVENTIA AB - Drottning Kristinas väg 61 5604, SE-114 86 Stockholm / Sweden (5) 
PLASMACHEM – Schwarzschildstr. 10 12489 Berlin / Germany (6) LEITAT LEITAT – Barcelona, C/ 
Palllars 179-185 08005 Barcelona / Spain 
 
The European project GUIDENANO, in collaboration with several industrial partners and research 
centers, evaluates nanoparticles release from different nano-enabled products under mechanical 
stress. The aim is to abrade NanoMaterials (NMs) following ISO norms in order to: 

- quantify aerosolized particles and nanoparticles (NPs) in function of their size by Fast 
Mobility Particle Sizer (FMPS) 
- collect aerosolized particles and NPs on polycarbonate filters for NPs observation and 
elemental identification by Scanning Electron Microscopy coupled with an Energy Dispersive 
Spectroscopy (SEM-EDS). 

In this project, photocatalytic (with TiO2 NPs) and antislip (with SiO2 NPs) tiles, two types of antifouling 
paints and nanocellulose-based food packaging were investigated. Both types of tiles were abraded 
before and after accelerated ageing in climatic chamber in order to study the weathering impact on the 
release and to find samples that release the least. Antifouling formulations paints differing by their 
biocide, their ZnO NPs and their solvent content were compared to find the paint that release the most 
ie, the best antifouling effect. Concerning nanocellulose for food, Ag labelled nanocellulose was 
applied on cellulose substrate and a gentle abrasion process was performed in order to simulate a 
slight wear.  
Photocatalytic TiO2 NPs were embedded in glass matrix to improve affinity between NPs and ceramic 
matrix tilefollowing safer by design approaches. An optimization of NPs dispersion in Antifouling paint 
was performed in order to have a more constant and uniform release of active species. 
This poster presents the experimental abrasion setup (Fig. a) composed of an abrader tool inside a 
low noise glove box, a splitter connected to a FMPS, a Condensation Particle Counter (CPC) and a 
polycarbonate filter collecting aerosolized particles. 
Results (Fig. b) showed different emission level depending on the tested material. Aged antislip tiles 
released more than pristine ones while aged photocatalytic tiles released less than before aging. Safer 
by design photocatalytic tiles were the worst in term of NPs release. Globic antifouling paints had the 
best antifouling effect by releasing the more particles compared to Olympic series and nanocellulose 
released many NPs whatever the sample. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
a) Abrasion experimental setup and  
b) Total particle number and total NPs number measured by FMPS during abrasion process. 

 

a) 

b) 
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DEVELOPMENT OF AN ABRASION METHOD FOR THE EXPOSURE ASSESSMENT OF 
PRODUCTS CONTAINING NANOMATERIALS 

 
Tomonori Ishibashi1, Nobuyuki Kato1, Isamu Ogura2,3, Kuniaki Gotoh4, Minoru Yoneda1, Yasuto 
Matsui5, (1) Graduate School of Engineering, Kyoto University, Katsura, Nishikyoku, Kyoto, 615-8540, 
Japan;  (2) National Institute of Advanced Industrial Science and Technology (AIST), 16-1, Onogawa, 
Tsukuba 305-8569, Japan; (3) Technology Research Association for Single Wall Carbon Nanotubes 
(TASC), 16-1, Onogawa, Tsukuba 305-8569, Japan; (4) Graduate School of Natural Science and 
Technology, Okayama University, 3-1-1, Tsushima-naka, Kitaku, Okayama 700-8530, Japan; (5) 
Agency for Health, Safety and Environment, Kyoto University, Yoshidahonmachi, Sakyoku, Kyoto, 
606-8501, Japan  
 
 
Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure. Structurally, CNTs 
are members of the fullerene family. Their name is derived from their long, hollow structure with walls 
composed of one-atom-thick sheets of carbon, or graphene. CNTs have various features. Owing to 
their extraordinary thermal conductivity and mechanical and electrical properties, CNTs are attracting 
particularly widespread attention as additives to various structural materials. 
  The toxicity of CNTs has been an important question in nanotechnology. The long and thin shape of 
the tubes is structurally similar to asbestos. This similarity in structure has given rise to fears that 
CNTs may produce harmful effects akin to those of asbestos. A granuloma induced by the 
intratracheal instillation of CNTs has been reported. 
  Inhalation has been considered one of the major routes of CNT exposure. Some organizations 
propose acceptable concentrations of CNTs. In 2013, for example, the US NIOSH proposed that a 

CNT concentration of less than 1 g/m3 was acceptable in work environments.  There have also been 

several reports on exposure assessments for workers who handle CNTs. There have been no reports, 
however, on exposure assessments of products containing CNTs. 
  In this study we researched CNTs generated from the wear of a resin partly composed of CNTs. We 
made a test chamber for the experiment in order to differentiate between the particles generated from 
the experiment itself and the particles originally present in the background air. We sanded the surface 
of the CNT resin with a belt sander inside the chamber, measured the number of particles generated, 
and observed the wear debris under an electron microscope. 
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S3.2-P1 
 

COLLOIDAL CHARACTERISATION OF SURFACE MODIFIED CuO NANOSOL 
 
Simona Ortelli1, Magda Blosi1, Luca Viale1,2, Anna Luisa Costa1 (1) CNR-ISTEC, Institute of Science 
and Technology for Ceramics, National Research Council, Faenza, Italy (2) Ph.D School in 
nanotechnology, University of Trieste, Italy 
 
The establishment of relationships between nanoparticle intrinsic properties and principal factors 
determining an (eco) tox positive response passes through the colloidal characterization of 
nanomaterials in water and in biological relevant media, in order to better define their biological 
identity. The colloidal properties allow to improve the knowledge of nano-bio interaction mechanism 
with the concrete possibility to act on molecular design and control the biological reactivity in a “Safety 
by Design” (SbyD) approach. The present study focuses on the physicochemical characterization of 
copper oxide NPs, used as target material in European Project SUN (NMP4-LA-2013-604305), widely 
used for wood preservation, due to its recognized efficiency in killing a range of microorganisms. Four 
different modifying agents were added and mixed with NP suspensions in order to promote the self-
assembled coating of particle surface. Modifying agents differing for their charge were used: positive 
charged polyethylenimine (PEI), negatively charged citrate (CIT) and ascorbate (ASC) and neutral 
polyvinylpyrrolidone (PVP). The effect that self-assembled monolayers of amphiphilic molecules 
(modifying agents) had on key determinant properties: colloidal stability, surface charge and ions 
release was investigated in water and in relevant biological media. Colloidal characterization was 
carried out mainly through evaluation of particle size distribution and ζ-potential (ζ-pot) by DLS and 
ELS technique, respectively. Ions release was estimated by evaluating the Cu2+ ionic copper to total 
copper oxide ratio. 
The results showed that samples coated by ionic agents (negative CIT and ASC, positive PEI), in 
water, resulted better dispersed with a significant decreasing of average hydrodynamic diameter size 
in comparison with pristine sample. On the other hand, neutral PVP did not improve significantly the 
dispersion of CuO NPs. The modified samples diluted in water showed ζ-pot data coherent with the 
charge given by the modifier agents and with DLS results. When aminoacids and proteins were added 
in the media, as for complete DMEM and MEM, ζ-pot data were levelled off on the typical values of the 
biological medium alone (negative ζ-pot around -10 mV) because, according to protein corona theory, 
NPs are covered by proteins immediately upon contact with a biological environment. The found 
coherence between NP size and ζ-pot results confirms that DLS coupled with ELS represents an 
effective tool for the colloidal stability evaluation. A low dissolution was observed in water, with 
Cu2+/CuO values < 3 %. The ions release dramatically increased in biological environment, due to the 
effect of aminoacids and proteins which subtract Cu2+ ions from the dissolution equilibrium. 
In conclusion, such key surface chemistry properties, driving colloidal behavior in biological relevant 
media were assessed, in order to be related to (eco) tox factors and provide guidance for the 
development of a SbyD approach. 
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S3.2-P2 
 

IMPACT OF CU(I) CHELATING PROTEINS AND THEIR CHEMICAL MIMICS ON SILVER 
NANOPARTICLE BEHAVIOR 

M. Marchioni1, I. Worms1,4, P. Delangle2, C. Gateau2, F. Rollin-Genetet3, C. Vidaud3, E. Mintz1,          
T. Gallon1, A. Deniaud1, I. Michaud-Soret1, (1) (a) CNRS, LCBM UMR 5249 CNRS-CEA-UGA F-38054 
Grenoble, France. (b) CEA, LCBM, 17 Avenue des Martyrs F38054 Grenoble, France. (c) Université 
Grenoble Alpes, LCBM, F-38054 Grenoble, France (2) Université Grenoble Alpes, INAC-SCIB,          
F-38043 Grenoble (2) CEA, INAC-SyMMES, 17 Avenue des Martyrs F-38054 Grenoble, France (3) 
CEA-Marcoule, SBTN, F-30207 Bagnols-sur-Cèze, France (4) CEA-Grenoble LITEN/LR2N 17 Avenue 
des Martyrs F-38054 Grenoble, France 

 

The widespread use of silver nanoparticles (AgNP) as biocide in consumer goods raises concerns 
about their toxicity to humans and their impact on environment1. AgNP toxicity is due to Ag(I) ion 
release from the  NP2,3. Ag(I) can bind to cysteine-containing proteins such as Cu(I) chelating proteins 
and can lead to oxidative stress and cell damages. Indeed, Ag(I) and Cu(I) are both soft acids that 
preferentially bind to soft base thiolates.  
 
We have studied the effect of some Cu(I) chelating proteins and peptides involved in metal 
homeostasis, as well as their chemical mimics on citrate-coated 20 nm AgNP. We have tested 
glutathione (GSH, one thiol), Atox and its mimic P34 (two thiols) and yeast metallothionein (yMt) (multi 
thiols) and the molecule L15 (three thiols) mimicking a Cu(I) binding site from yMT. AgNP behavior 
was followed by UV-visible absorbance spectroscopy, dynamic light scattering (DLS), inductively 
coupled plasma–atomic emission spectroscopy (ICP-AES) and asymmetric flow field flow fractionation 
(AF4) coupled with ICP-MS. Kinetic studies showed an opposite behavior between GSH and P3 
compared to Atox, yMT and L1. The former group induced the time-dependent dissolution of AgNP 
into Ag(I) species, while the latter group enabled both a slight AgNP dissolution and an AgNP bridging 
phenomenon. A decrease of the absorbance at λ398nm (λmax AgNP) was observed with GSH, and with 
P3, and correlated with a decrease of AgNP amount (dissolution). Interestingly, a red shift of AgNP 
SPR signal was observed with L1 and yMT. This shift is due to the appearance of larger size species 
as we confirmed both by DLS measurements and on AF4 fractograms. Altogether, these experiments 
confirmed the formation of bridged species with molecules containing at least three thiols. In 
conclusion, bioinspired-Ag ligands are promising molecules to coat AgNP in order to modulate the 
dissolution into silver ions and act on their toxicity in a safer-by-design approach for future biocide. 
 
1. S. Chernousova, and M. Epple, Angewandte Chemie, 2013, 52, 1636-1653.  
2. F. Herzog, et al. Particle and Fibre Toxicology, 2013, 10, 1-14.  
3. V. De Matteis, et al. Nanomedecine: Nanotechnology, Biol and Med, 2015, 11, 731-39. 
4. Pujol, J. Am. Chem. Soc., 2011 133, 286-296 
5. Pujol, J. Am. Chem. Soc., 2009, 131, 6928-69 
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S3.2-P3 
 

SAFER BY DESIGN SUNSCREEN USING TITANIUM DIOXIDE NANOPARTICLES 
 
J. Labille1, D. Slomberg1, J.-C. Hubaud2, A. Lopes3, I. Capron4 S. Motellier5, C. Santaella6, S. 
Lehmann7, L. Hédouin8, A. Pinsino9, A. Glaser10, C. Levard1, J. Rose1, D. Boutry5, P. Hennebert11, C. 
de Garidel-Thoron1, (1) Labex Serenade, CEREGE, Aix-Marseille Université, BP80, 13545 Aix en 
Provence cedex 4, France (2) Helioscience, Cité de la Cosmétique, 2 rue Odette Jasse, 13015 
Marseille, France (3) Laboratoire CNB, Cité de la Cosmétique, 2 rue odette Jasse, 13015 Marseille, 
France (4) INRA BIA Centre Angers Nantes, Rue de la Géraudière, BP 71627, 44316 Nantes cedex 3, 
France (5) 7LITEN / DTNM / SEN / LR2N, CEA Grenoble, 17 rue des Martyrs, 38054 Grenoble Cedex 
9, France (6) CEA, IBEB, LEMIRE, Saint-Paul-lez-Durance, 13108, France (7) ISTerre, BP 53, 38041 
Grenoble Cedex 9, France (8) EPHE CNRS CRIOBE, Université de Perpignan, 58 avenue Paul Alduy, 
66860 Perpignan, France (9) CNR, Istituto di Biomedicina e Immunologia Molecolare, A. Monroy, Ugo 
La Malfa 153, 90146 Palermo, Italy (10) INERIS Méditerranée ARDEVIE, BP 33, 13545 Aix-en-
Provence Cedex 04, France 
 
Among cosmetics and personal care products, sunscreen products are of emerging concern regarding 
both human and environmental health. The fate and impact of mineral nanoparticulate UV-blockers, 
such as TiO2 nanomaterials, is under consideration from a regulatory perspective due to their potential 
impact. 
Here we present the first result of the Eco-SUN research program aimed at developing the eco-design 
of sunscreens through the minimization of risks associated with nanomaterials incorporated into the 
formulation. Different stages of the cream lifecycle are considered from its manufacture to its end of 
life, through its use by the consumer and its impact on the exposed environments. Reducing the 
potential release and / or toxicity of the nanomaterial from the cream is a decisive criterion for its eco-
design. 
Different relevant TiO2 UV-blockers have been selected to integrate a typical w/o formulation as case 
studies. The resulting sunscreens were characterised in terms of nanomaterial localisation, sun 
protection factor and photo-passivation. 
The risk for the consumer by dermal exposure will be assessed using skin biopsies, and evaluating 
inflammation and skin penetration.  
The risk for the aquatic environment directly exposed will be assessed both in terms of exposure and 
hazard. The release of nanomaterials from the sunscreen upon normal usage was studied in the 
laboratory through a simulated aging procedure. Two biological models, sea urchin and coral colonies, 
were selected as relevant endpoints to assess the marine ecotoxicity of the by-products formed. 
Finally, the risk related to the end of life of the sunscreen through the removal with cleaning water 
followed by drainage to sewage treatment plants will be evaluated by considering the scenarios of 
nanomaterial concentration in sewage sludge later spread as fertilizer in agriculture. 
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S3.2-P4 
 

SAFER-BY-DESIGN CONCEPTION OF TiO2 NANOPARTICLES COATED WITH BIO-INSPIRED 
LIGANDS FOR INDUSTRIAL APPLICATION IN PAINTS AND LACQUERS. 

 
Jérôme Laisney1, Aurélien Deniaud1, Vincent Bartolomei2, Delphine Boutry2, Isabelle Michaud-Soret1 
(1) CEA – Grenoble, LCBM, Bioscience and Biotechnology Institute of Grenoble (BIG), UMR 5249 
CEA/CNRS/UGA, 17, rue des Martyrs, 38000 Grenoble, France (2) CEA- Grenoble, 
LR2N/LITEN/DRT, 17, rue des Martyrs, 38000 Grenoble, France 
 
 
Nowadays, more than 1 800 nano-products are currently on the market [1] and the global production 
of NMs is predicted to increase exponentially in order to reach several millions of tons in 2024 only 
considering TiO2 [2].  TiO2 nanoparticles are used for their antimicrobial and photocatalytic properties 
in self-cleaning paints. Consequently, the question of the release in the environment of NMs by 
weathering or mechanical stress and the growing risk of human exposure resulting have become a 
major concern. In order to avoid serious health public issues as encounter for asbestos, a safer-by-
design approach e.g. a responsible development of NMs for human and the environment through all 
the life cycle (manufacture, use and end of life) must be taken into account. 
 
The objective of the SafeTiPaint project financed by the SERENADE LabEx is to develop a novel TiO2 
nanoparticles-based paint via a “Safer-by-Design” approach in order to reduce drastically the release 
in the environment and the risk of human exposure. As part of the project, previous studies by B. 
Fiorentino et al. [3] have shown a rapid and intense degradation of the paint due to very small 
uncoated nanoparticles of TiO2 presenting very efficient photo-catalytic properties compared to 
micrometric TiO2 traditionally used as pigment.   
 
The aim of our work at the LCBM is to modify the surface of the TiO2 nanoparticles used by a paint 
manufacturer with a bio-inspired approach in order to reduce the degradation of the organic part of the 
paint while maintaining an appropriate photo-catalytic effect for keeping the self-cleaning property. 
Here, we will present our strategy to disperse and stabilize the particles in aqueous media with the use 
of bio-inspired ligands (pyrophosphates, amino-acids, iron chelators, biodegradable polymers …) as 
electrostatic and steric stabilizers.  The photocatalytic activity of the new composites materials has 
been investigated by measuring the degradation of methylene blue in solution under UV irradiation. In 
the future, the best candidates will be selected and dispersed in paints in order to evaluate their 
release during ageing. 

 
 
 
 
 

 
 

[1] Project on Emerging Nanotechnlogies http://nanotechproject.org/cpi/. 
[2] C. O. Robichaud, A. E. Uyar, M. R. Darby, L. G. Zucker, M. R. Wiesner, Environmental Science          
and Technology, 2009, 43, 12. 
[3] B. Fiorentino, L. Golanski, A. Guiot, J.-F. Damlencourt, D. Boutry, Journal of Nanoparticle 
Research, 2015, 17, 149. 
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S3.2-P5 
 

SAFE-BY-DESIGN NANOCOMPOSITE FOR FOOD PACKAGING APPLICATION 
 
Aida Nasiri1, Stéphane Peyron1, Emmanuelle Gastaldi1, Nathalie Gontard1, (1) UMR IATE, CIRAD, 
INRA, Montpellier SupAgro, Université de Montpellier, 2 place Pierre Viala, F-34060 Montpellier, 
France  
 
The market of nanotechnologies is dominated by the food packaging area which amounts more than 
20% of the total nanotechnologies market in 2015. However, the wide-scale use of nanomaterials 
raises important questions about environmental and safety issues that could hinder their development. 
In the case of plastics intended to be in contact with food, the risk of contamination concerns not only 
the nanoparticles but also all the chemical additives added during the material processing. The 
presence of nanoparticles is susceptible to modify the interactions between polymer and the additives 
with a possible change in their transport properties and therefore the food contamination.  
The present work aims at identifying the relationship between the structural characteristic and the 
transport properties (diffusivity and solubility) of nanoparticles and chemical additives incorporated in 
nanocomposites. In this regard, it is necessary to fill the gap of knowledge in 3D nanostructure 
characterization and a multi-scale modeling of mass transfer properties of nanocomposites in real 
usage conditions.  
In this way, polyethylene and nanoclay were selected based on the best compromise between real 
potential applications and the scientific knowledge previously published and eventually the 
nanocomposites were synthesized with LLDPE, Cloisite20 and a compatibilizer by melt intercalation 
method.  
The nanocomposite structure was characterized using TEM, X-ray nanotomography, TGA and XRD 
then submitted to migration tests undertaken in contact with different food simulants which represent 
various types of food (aqueous, acid, alcoholic) following the recommendation of the European 
regulation on the food contact material. To evaluate the positive or adverse effects of the 
nanomaterials on the contamination of the food by chemical additives which are usually incorporated 
with the plastic packaging, the virgin polymer and nanocomposite material were spiked with a mixture 
of the additives exhibiting various volatility, polarity and molecular weight. Then, the transport 
properties (i.e inertia) of nanocomposite structure was distinctively investigated on kinetic (apparent 
diffusion coefficient) and thermodynamic (partition coefficient) considerations. 
The results indicated that nanoclay addition in plastic materials favorably reduced the migration of 
additives by modifying both their diffusivity in the polymer and their partition between the polymer and 
the food simulant. However, while the partition coefficient of additives increases in nanocomposite in 
comparison to pure LLDPE for the samples in contact with all types of food simulants, the reduction of 
diffusion coefficient is significantly dependent on the nature of the food simulant in contact. Hence, it 
can be concluded that the major role in the migration of additives is not played by the imposed 
tortuosity path, but by the factors such as the affinity between the base polymer and simulants as well 
as the effects of simulants on swelling and crystallinity of the samples. Moreover, the effect of additive-
related parameters and the structural parameters were assessed and put in perspective with their 
impact on the transport properties of nanostructures. Integrating the results of characterization and 
transfer properties led to an improved understanding of the influence of structure of nanocomposites 
on their mass transfer properties and therefore on the suitability of using them as food contact 
materials.  
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S3.2-P6 
 

DEVELOPMENT OF OPTIMAL SYNTHESIS STRATEGIES FOR THE REDUCTION OF 
NANOTECHNOLOGY ASSOCIATED RISKS 

 
A.P. Guillamon1, M. Cobaleda-Siles1, V.F. Puntes1,2,3, (1) Institut de Recerca Vall d´Hebron (VHIR) Pg. 
Vall d'Hebron, 119-129 08035 Barcelona, Spain (2) Institució Catalana de Recerca i Estudis 
Avançats(ICREA) Pg. Lluís Companys, 23, 08010 BCN, Spain (3) Institut Català de Nanociencia i 
Nanotecnologia (ICN2), Campus de la UAB, Av. Serragalliners, s/n, 08193 BCN, Spain 
 
The growing interest in the field of nanotechnology leads to an increase of the number of 
nanoparticles (NPs) producers and users, making indispensable the promotion of safe strategies in 
the development and management of nanomaterials nowadays.(1) 

The need to introduce in society commercial products that are at the same time useful and safe should 
start from the very beginning of their conception establishing safer by design synthetic approaches. 
One of the main objectives of making secure nanomaterials (NMs) is to ensure that their desired 
functional properties do not change with the introduction of different synthetic strategies. Among these 
strategies, changing the type of salts, solvents or stabilizing agents used during the reaction are 
needed information that should be used to generate risks management strategies. 
 
In our synthetic group we have used three general safer-by-design strategies regarding the re-design 
of silver NPs (owing to the well known toxicity to several biological organisms) :(2) 

1. Reducing the toxicity of the materials. For instance, modifications in the size and shape could 
reduce the toxicity of the NMs in a specific biological system. We have seen that as NP size 
increases, the NP becomes more chemically stable but it is more difficult to maintain it in 
suspension. 

2. Reducing the release of NMs from the matrix during their life cycle. For this purpose it is needed 
to coat the NMs with different ligands. For instance, applying a surface coating (such as 
polyvinylpyrrolidone, PVP) could enhance the adhesion with the matrix compared with the naked 
surface. Thus the release of NMs from the matrix can be controlled. 

3. Reducing persintence of NMs. Development of biodegradable NMs under certain temperature 
or oxidative conditions (Fig. 1). The addition of protective agents to avoid the spontaneous 
transformation of NMs, for instance using albuminization strategy. Or studying the transformation 
of NMs and their corresponding toxicity by changing the NM composition, such as Ag and Ag2S in 
the presence of S2- ions. 

 
Fig 1. Corrosion of 15 nm silver NPs. Evolution of UV-Vis spectra of nanoparticle degradation under oxidative conditions. The 

outcomes reflected in this work were performed under the ongoing GUIDEnano project funded by European Commission´s 
Framework Programme (FP7/2007-2013) under grant agreement №604387. 

 
(1) S. J. Klaine, P. J. J. Alvarez,G. E. Batley, T. F.Fernandes, R. D. Handy, D. Y. Lyon, S. Mahendra, M. J. Mclaughlin and J. R. 
Lead. Environ. Toxicol. Chem., 2008, 27 (9), 1825–185.
(2) (a) C. Marambio-Jones, E. M. V. Hoek, J. Nanopart. Res., 2010, 12, 1531–1551. 
    (b) S. Chernousova, M. Epple, Angew. Chem. Int. Ed., 2013, 52, 1636-1653. 
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S3.2-P7 
 

AGEING AND NANORELEASED OF PHOTOCATALYTIC PAINT PRODUCTS:  
TOWARDS A SAFER BY DESIGN APPROACH 

 
BARTOLOMEI Vincent1, BOUTRY Delphine1, PHILLIPOT Cécile1, GUIOT Arnaud1, PEPIN-DONAT 
Brigitte1, LOMBARD Christian1, BENAYAD Anass1, DAMLENCOURT Jean Francois1. (1)CEA – 
Grenoble, 17, rue des martyrs 38000 Grenoble 
 
 
NanoParticles (NPs) are more and more integrated in commercialized products (building, cosmetic, 
food …) although risks on human health are not precisely known. This study focuses on paint products 
in which micro or nano titanium dioxide (TiO2) are added depending of the desired property. Micro 
sized TiO2 particles are usually used as a pigment to provide white color on paints whereas nano 
sized TiO2 brings a photocatalytic effect to purify environment. 
 
Two paints were selected with the same formulation except for TiO2. The first one contained only 
micro sized TiO2 (250 nm) while the second was composed of nano sized TiO2 (5 nm). The aim was to 
investigate the material degradation during life time, through accelerating ageing and to correlate the 
photocatalytic effectiveness on it. The two paints were aged with alternating UV B irradiations and 
water sprays in a QUV chamber. Scanning Electron Microscopy (SEM) was performed to observe the 
ageing effects on the paints morphology and structure. The degradation of the surface (5 to 10 first 
nanometers) was followed by X-Ray Photoelectron Spectroscopy (XPS). The photocatalysis 
degradation of a selected Volatile Organic Compound (VOC) generated (i.e. xylene) was measured 
with a Proton Transfer Reaction Mass Spectrometer (PTR MS) in a flow tube reactor containing the 
paint under UV A radiation. Total VOCs emitted by the paints under UV A were also measured by PTR 
MS. 
 
Firstly, SEM observations on pristine and aged paints were performed. For both paints before ageing, 
an organic layer was observed at the surface, with particles embedded on it. After ageing process, 
free particles (nano or micro depending of the paint) were directly observed on the surface. Near 
surface analysis were performed to understand the ageing effect. 
Concerning the paint with microTiO2, XPS analysis showed slight changes after ageing, like a 
decrease of organic bonds signal (C-H; C-C) and the appearance of a weak signal of TiO2. The 
organic bonds are related to the binder of the paint. Those diminutions revealed a partial binder 
degradation of the microTiO2 paint due to a slight photocatalysis effect, and explained the 
disappearance of the layer in the SEM analysis. Otherwise, concerning the paint with nanoTiO2, same 
XPS results were obtained after the ageing with much more intensity. A total binder consumption of 
the paint was obtained after the ageing process due to the very important photocatalysis activity of the 
NPs. The nanoTiO2 was no more bound on the surface of the aged paint. That could present risks of 
NPs released during abrasion process for instance. 
The VOCs were mainly emitted by the paints before ageing (micro and nano TiO2) as the result of the 
binder degradation shown by XPS and SEM. However, VOCs emissions were a lot more important for 
the paint containing nanoTiO2 due to his strongest photocatalytic activity. The binder destruction after 
ageing drastically increased the accessibility of the xylene with the nanoTiO2. The photocatalysis of air 
pollutants was enhanced by the ageing process but the direct counter effect was also the potential 
release of NPs. Furthermore, first results of news NPs obtained with a safer-by-design approach will 
also be presented (with intermediate size of TiO2 and coatings). 
 
The photocatalytic effect of the paint with nanoTiO2 is considerable and degrades the binder too 
rapidly, leading to potential human exposure of aerosol. An improvement of the formulation is 
mandatory before commercialization of the paint. In that way, the new types of NPs synthesized in a 
Safer by Design approach will end up with more durable products. 
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S3.3-P1 
 

EVALUATION OF CHEMICAL PROTECTIVE GARMENT SEAMS AND ZIPPER FOR RESISTANCE 
TO AIRBORNE NANOPARTICLES 

 
Ludwig Vinches1, Amina Tami1, Stéphane Hallé1, (1) École de technologie supérieure – 1100, rue 
Notre-Dame ouest, Montreal (Qc), H3C 1K3, Canada 

 
 
In the field of the dermal protection, the use of chemical protective clothing (CPC), including coveralls 
are considered as the last barrier against airborne engineered nanoparticles (ENP). The marketing of 
these products (coveralls type 5) is possible only after meeting the requirements of the ISO standard 
13982-1:2004 “Protective clothing for use against solid particulates”. A recent study has shown a 
penetration rate up to 8.5% of sodium chloride polydisperse airborne nanoparticles through some CPC 
materials. Moreover, either in this study or in the ISO standard 13982-1:2004, tests were performed on 
a sample of protective clothing material. Thus, the potential for permeation through a zipper or a seam 
has not been determined. These specific points could be some privileged entries for airborne ENP. 
This project is designed to evaluate the penetration rate (PR) of airborne ENP through coveralls and 
specifically the PR through the seams on different parts of the CPC and the zipper.  
For this study, one current model of coverall (type 5) was selected. It consists of five layers of 
polypropylene (PP) labelled as SMMMS. The outer layers (S) serve as the reinforcing and the inner 
layers (M) enhancing the resistance against airborne ENP. The samples were taken from places with 
seams or not (torso, sleeves, legs, back) and the zipper. In this last case, a cover strip could be added 
to enhance its sealing. Polydispersed nanoparticles were generated by nebulization of a sodium 
chloride aqueous solution (0.05 g/L) with a Collison 3 jets nebulizer. A penetration cell was developed 
to expose the sample to airborne ENP. It includes an exposure chamber (upstream) and a sampling 
chamber (downstream) separated by the coverall material. The concentrations in sodium chloride 
particles were measured with an ultrafine particle counter and the upstream concentration was 
maintained at 400000 particles/cm3. The penetration rate was defined as the downstream 
concentration divided by the upstream concentration. 
The results obtained showed a PR up to (13.5±2.5) % for samples without seams but reached 
(23.6±6.2) % for samples taken from a white triangle in the back of the coverall. On another side, the 
localisation of the seams (torso, sleeves and legs) had an impact on the PR, (23.9±5.6) %, (29.6±3.6) 
% and (35.8±6.8) % respectively. Finally, a significant amount of particles – (39.6±8.4) % of the 
generated particles – entered through the zipper but this value was greatly attenuated in presence of 
the cover strip (7.6±3.4) %.  
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Figure 7 Aerosol penetration rate through the CPC depending on seams localisation 
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S3.3-P2 
 

DEVELOPMENT AND TESTING OF METHODOLOGY TO ASSESS THE EFFICIENCIES OF 
RESPIRATORY PROTECTIVE EQUIPMENT AGAINST NANOMATERIALS 

 
Maida Domat1, Carlos Fito1, (1) ITENE, C/ Albert Einstein, 1, 46980 Paterna, Spain 
 
Nowadays, the increasing risk of worker exposure to nanomaterials (NM) combined with the current 
unknowns about the effects of these materials on health have generated large concerns. Yet, 
knowledge, data, and test methods on Personal Protective Equipment (PPE) for NM are still very 
limited. Information on which RMMs are applicable and effective in each exposure situation will allow 
regulators and industry to make the right choice. 

Within the European Life project NanoRisk, the testing and validation experiments of different Risk 
Management Measures (RMMs) in the occupational environment is tested against nanomaterials 
(NMs) simulating the process under controlled conditions within an exposure chamber. 

To this end a complete review of the ISO standards protocols, ASTM, BSI, as well as guidelines 
published by relevant organizations has been conducted, and a set of protocols described and tested 
to proof the efficacy of RMMs against NMs. Experimental set-ups have been developed, adapted or 
constructed to fulfil the requirements of the protocols. At the same time, protocols were revisited and 
when necessary, adapted to the limitations of the experimental tests with NMs.  

Results showed a high variability on the performance of the masks due to the fitting to the facial 
geometry, existing leaks especially in the case of women, with smaller facial complexions, and men 
with beards, which increases penetration more than 40%. Another test that was carried out is to 
weather the masks to compare them to new from manufacturer. 

In general, total performance of reusable masks is shown in Table 1, depending always on the fitting 
characteristics of the mask to the user. Half masks show the higher protection level, probably because 
of the fitting is easier to the softener parts of the face covered by the half mask (cheeks, chin) than by 
the full mask, which shows a decrease on the class classification.  

Table 1:  Efficiencies of different kinds of masks tested for NaCl NPs. 

Mask Filter T.I.L. (%) NPF Class 

Half Mask New 
P3 

0,070 1428,57 3 

Half Mask Aged 0,639 156,49 2 

Full Mask New 
P3 

0,280 357,14 2 

Full Mask Aged 0,245 408,16 2 

Disposable Half Mask FFP3 11,59 8,62 1 

 

Thus, a conclusion that can be extracted is that the fitting of the masks is the most important 
parameter regarding to performance, since the filter operates efficiently. Therefore, the administrative 
controls must take care on education on how to select, wear, maintain and clean the RPE, focusing on 
selecting the respirator that better fits the facial geometries of the user. 
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S3.3-P3 
 

SURVEILLANCE OF OCCUPATIONAL HEALTH IN CONSTRUCTION AND CIVIL-ENGINEERING 
WORKERS HANDLING ENGINEERED NANOMATERIALS  

 
Kathleen Chami1, Anca Radauceanu2, Myriam Ricaud2, Dominique Payen3, Catherine Durand4,  

Sophie Kowal5, Cécile Ducros4, Patrick Richard3, Irina Guseva Canu1, (1) Santé Publique France, 
Agence nationale de santé publique, 12, rue du Val d’Osne 94415 Saint-Maurice / France (2) INRS, 
65, boulevard Richard Lenoir 75011 Paris / France (3) OPPBTP, 25, Avenue du Général Leclerc 
92660 Boulogne-Billancourt / France (4) CEA Grenoble, 17, rue des martyrs 38000 Grenoble / France 
(5) INERIS, Rue Jacques Taffanel, 60550 Verneuil-en-Halatte / France 

 
Rationale: Entrusted by the Ministries of Health and of Labour, the French Public Health Agency have 
established, since 2014, the Epinano epidemiological surveillance system of workers potentially 
exposed in industries to engineered nanomaterials (ENMs) released during their synthesis or 
incorporation in matrices. The governmental national occupational health action plan 2016–2020 has 
dedicated a special attention to the question of ENMs exposure in workers in the construction and 
civil-engineering (CCE) sector. Thus, a steering committee was established to adapt the methodology 
to efficiently capture exposed workers on sites.  
 
Objectives: Beforehand, epidemiological and contextual components were collected in order to 
apprehend the methodological challenges in designing longitudinal studies on the topic of exposure to 
ENMs on CCE sites.  
 
Methods: A structured PubMed review and web-search of scientific and technical documents 
regarding ENM-based CCE products was undertaken, completed by in-depth experts’ interviews. 
 
Results: Three groups of methodological challenges were primarily identified: (i) Definition of the 
scope of the population, with involvement of enterprises of all sizes and activities; Heterogeneity of the 
population occurring on sites. (ii) Circumstances of exposures: No inventory identifying all the products 
incorporating ENMs; Lack of detailed information on product composition; Heterogeneity of ENMs 
incorporated in various matrices; Diversity of activities generating exposure variability in terms of 
product types, duration and intensity of exposure; Passive exposures of workers operating nearby 
activities involving ENMs and generating dust and aerosolisation; Possible interactions with other risk 
exposures in light of the multitude of chemicals used on construction sites. (iii) Defining the 
organizational arrangements to capture efficiently the study population and optimize data collection 
and monitoring  procedures: Lability of the population, influenced by the duration of projects, a known 
high turnover generated mainly by the engagement of temporary, independent or foreign labourers, 
and intervention of multiple subcontractors; Regarding small, medium or micro-sized businesses, no 
service Health Safety Environment (HSE) and relocation of the occupational medicine. Conclusions: 
Implementing of such a study can be deeply influenced by the political context as well as the product 
marketing strategies along with the industrial secrecy. The use of ENM-based products would be 
probably increased in the current green economy context. This underscores the need to implement a 
specific surveillance system, despite the methodological complexity. Discussions are underway within 
the steering committee in order to find out strategies.  
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S3.3-P4 
 

LIFE NANORISK – EVALUATION OF THE EFFECTIVENESS OF RISK MANAGEMENT 
MEASURES AGAINST NANOMATERIALS  

 
C.Fito1, E.Frijns2, A.Hernandez3, E.Hoyas3, P.Beltran4, E.Santamaria4, E.Campos5, S.Priante6, (1) 
ITENE Research center. C/ Albert Einstein, 1. 46980 Paterna, Valencia, Spain (2) VITO. Flemish 
Institute for Technological Research. Boeretang 200, 2400 Mol, Belgium (3) INSHT-CNMP. C/ 
Carabela La Niña,16. 41007 Sevilla, Spain (4) INVASSAT. C/ Valencia, 32. 46100 Burjassot, 
Valencia, Spain (5) AVANZARE. Av. Lentiscares, 4-6. 26370 Navarrete, La Rioja, Spain (6) 
Automotive Lighting Italia S.p.A. Via dell'Industria,17. 33028 Tolmezzo, Udine, Italy 

 
 
NanoRISK project, funded under the European Union’s LIFE programme environmental policy and 
governance (LIFE12 ENV/ES/000178), focusses on the evalaution of the effectiveness of common risk 
management measures to prevent or minimize exposure to engineered nanomaterials (ENMs), and 
the developemt of knoledge base tools to support the selecction of proven personal protective 
equipment (PPE) and technical measuares during the production and use of nanomaterials.  
 
The consortium includes the reseach centers ITENE and VITO, two private companies working with 
ENMs, and the public bodies INSHT and INVASSAT. The concept and scientific approach of the 
project focussed on the developent of a nano-aerosol testing chamber and a compendium 
harmonized protocols to support a robust and reproduicible evaluation of common PPE, ventilation, 
filtration and other workplace controls used to prevent, control or reduce the exposure at industrial 
level. As complementary action, a complete characterization of the current levels of exposure to ENMs 
was conducted in 5 selected case studies to support the definition of the expected concentrations of 
ENMs in industrial settings.  
 
The outcomes from the project include a set of reliable data on the performance of respiratory 
protection devices (RPD), chemical protective gloves, protective clothing, and exhaust ventilation, a 
multimedia guideline to help the industry (i.e. SMEs) and stakeholders in the selection of cost effective 
and adequate measures to guarantee a safe working environment when dealing with ENMs, and RMM 
on-line tool designed to calculate and estimate the effectiveness of common RMMs depending of the 
type of ENMs, life cycle stage, process and operative conditions.   
 
The nanoaerosol testing chamber is open to the use of stakeholders upon request. The NanoRISK 
guidance on recommended measures and controls for mitigating the risk posed by engineered 
nanomaterials, and the RMM Library are available on the project web site section: 
http://www.lifenanorisk.eu/index.php/interactive. 
 
 
Figure 1 shows pictures of the nanoaerosol testing chamber developed within the project.  
 

       
 
Figure  1.  Aerosol testing chamber . From Left to Right. Protective clothing  test; Internal Laminar flow 
room; Exhaust ventilation test set up;  Respiratory protection test set up. 
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S3.3-P5 

NANOMATERIALS RISK ASSESSMENT PRACTICES IN INDUSTRY 

 
David G. Rickerby1, Andreas N. Skouloudis2, (1) European Commission, Joint Research Centre, 
Directorate F, Via Fermi 2749, I-21027 Ispra (VA), Italy (2)  European Commission, Joint Research 
Centre, Directorate B, Via Fermi 2749, I-21027 Ispra (VA), Italy 
 
 
A survey was carried out of European companies producing three common types of nanomaterials: 
carbon nanotubes, titanium dioxide and zinc oxide. A total of 39 companies in 13 different countries 
were identified and sent an email questionnaire requesting information regarding risk assessment 
procedures. Germany and the United Kingdom had the highest number of producers of the 
nanomaterials considered. Carbon nanotubes were the type mostly produced, with manufacturers 
located in ten different countries. Responses were received from ten of the companies contacted, 
representing a response rate of 26.6%, which is typical for this type of survey. The response rate for 
producers of metal oxide nanoparticles was significantly higher than that for producers of carbon 
nanotubes.  
 
The size of the companies ranged from large international chemicals producers with tens of thousands 
of employees to small and medium sized companies with less than twenty or a few hundred 
employees. In the case of larger companies, however, a relatively small number of people would be 
employed in the production of nanomaterials. Half the companies already had ISO 14001 certification 
but in most instances this was not specific to nanomaterials. A further two stated that they planned to 
apply for ISO certification in the future. Large and medium sized companies were, on the whole, more 
likely to have or be seeking ISO accreditation. Only six companies were willing to provide information 
on the quantities produced; the remainder either did not respond or stated that this was confidential 
commercial information. The total amount of nanomaterials produced ranged from a few kilogrammes 
to more than a million tonnes per annum. In some cases production was on a pilot scale at present but 
it was planned to increase capacity to several tonnes per year. Some of the manufacturers produced 
other classes of nanomaterials in addition to the ones that were the object of the survey.  
Some form of environmental risk assessment was performed by six companies, four of which 
considered both routine and exceptional, unintentional/accidental emissions. One company claimed 
that on the basis of their risk assessment neither CNT nor TiO2 nanomaterials posed a threat to the 
environment. A second company stated that risk assessment was being implemented during scale up 
from pilot scale to industrial production, while a third restricted risk assessment to ecotoxicology 
testing. One manufacturer claimed that an environmentally friendly process was used that did not 
result in any chemical waste or emissions. Another answered that risk analysis was carried out but 
was limited to the impact of waste and accident situations. Most respondents did not specify what 
tools or modelling software were used to carry out risk assessment or were using an internally 
developed system. 
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S3.3-P6 
 

NANOMATERIALS REMOVAL EFFICIENCY FOR DIFFERENT TREATMENT TECHNOLOGIES: 
REVIEW 

 
Carlos Fito1, Jordi Palau1, (1) Instituto Tecnológico del Embalaje, Transporte y Logística, C/ Albert 
Einstein, 1, 46980 Paterna, Spain -  cfito@itene.com  
 
Nanomaterials (NPs) are particles between 0 and 100 nm and even can be produced by natural 
sources. In recent years the increasing production of engineered nanoparticles increase the risk for 
both human health and the environment due to the increased exposure. Nowadays, nanomaterials are 
used in many industries such as food, cosmetics, electronics, pharmaceuticals, packaging in order to 
add new physicochemical properties to improve the product or develop new applications. Recent 
publications have shown that NPs can produce adverse effects on human health by generating 
reactive species capable of producing oxidative stress and inflammation that can lead to cell death. In 
order to reduce the risk related with the exposure a wide range of conventional treatment technologies 
can be applied to remove NPs from the waste streams. Nevertheless, these conventional techniques 
were developed to treat particles with higher diameters and it is unknown exactly which is the NPs 
removal efficiency. Not many studies address this question and just a few of them are carried out in 
full-scale installations.  
The aim of this review is to summarize the information available from scientific publications about the 
NPs removal efficiency, not only taking into account the treatment technique used but also the type of 
nanomaterial to be treated. In this sense, the results are used in a practical case in which for the 
partners of GUIDEnano, project which has the aim to develop a web-based guidance tool, which will 
help the nano-enabled products users to design and apply of the most appropriate risk assessment & 
mitigation strategy for a specific product, a list of activities for their production processes and the 
waste streams with NPs were described. For each one, a detailed list of the characteristics of this 
waste, environment compartment release, route of exposure, treatment techniques available and their 
removal efficiency associated were developed. An example of this results for antifouling paints for 
ships as a production process and mixing and Emptying / wet cleaning as activity can be seen in the 
following table.  
 

Waste Nanomaterial State Form Condition 

Enviromental / 

Technological 

compartment 

Units 
Route of 

exposure 

Treatment 

Technique 

Removal 

efficiency 

Empty 

containers 
ZnO Solid Powder Surface 

Landfill 
kg/day Dermal 

Landfill 100% 

Incinerator Incineration WIP >99,9% 

PPEs ZnO Solid Powder Surface Soil kg/day Dermal 
Landfill 100% 

Incineration WIP >99,9% 

Airborne ZnO Solid Suspension Volume Indoor air 
m3/h  

 kg/m3*h 
Inhalation 

Scrubber >99% 

Electrostatic 

precipitator 
99,2 - 99,7 % 

          

Water ZnO Liquid Dispersion Volume 
Waste water 

treatment plant 

m3/day 

mg/m3*day 
Oral 

Activated sludge >90% 

Anaerobic digestion High 

Microfiltration and 

ultrafiltration  
>99% 

Water treatment 

plant 
1-52% 
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S3.3-P7 
 

COMPARATIVE APPROACHES TO RISK ASSESSMENT URBAN NANOPARTICLES IN RUSSIA 
AND EU (FOR EXAMPLE, NORWAY) 

 

Anzhela Glushkova1, (1) Research Institute of Hygiene, Occupational Pathology and Human Ecology, 
188663, Russia, Saint-Peterburg, st. Kapitolovo, b. 93 

 
In both EU/Norway and Russia the risk assessment of urban nanoparticles and nanomaterials (UNs) is 
in principle similar with respect to hazard identification and characterization, exposure assessment 
and risk assessment. No procedures specific to working with UNs are used. Furthermore, the 
regulatory policies both in EU/Norway and Russia presently seem to use the legal framework as for 
chemicals in general, and are based on mass (with an exception for numbers of nanofibers). There 
are, however, differences. Risk assessment and risk management of UNs pose challenges for 
regulators, industry, workers and consumers both in EU/EEA (including Norway) and the Russian 
Federation. Due to lack of, or poor scientific data on, hazard and exposure characteristics, it is still 
very difficult for many UNs to be fully evaluated as other chemicals. Notably, there are no toxic effects 
that seem unique to all UNs. Furthermore, the nano-specific health effects, anticipated years ago, 
have not up to now been confirmed by research. Thus, presently current risk assessment methods 
seem applicable, although there are still challenges for the risk assessment and management of UNs. 
From a regulatory point of view, it has been difficult to assess the importance of different dose metrics 
for UNs (mass, size, surface area and chemical composition). In both EU-and EEA countries 
(including Norway) and the Russian Federation, the risk assessment of nanoparticles is in principle 
similar with respect to hazard identification and characterization, exposure assessment and risk 
assessment. Furthermore, the regulatory policies seem to use the legal framework as for chemicals in 
general, and based on particle mass. EU, and Norway as an EEA member, strictly follow the REACH 
agreement, and a regulatory procedure for “Classification, Labelling and Packaging “(CLP). 
Furthermore, both for workers and consumers, the European Chemicals Agency (ECHA) is EUs 
regulatory authority on the safety of chemicals, which also includes UNs. For chemicals in food, 
including UNs, the Scientific Committee and the Advisory Forum of EFSA is responsible for risk 
assessment of nanotechnologies in food and feed. In Norway, the Norwegian Environment Agency is 
the REACH Competent Authority. The Labour Inspectorate is responsible for the surveillance of 
chemicals, including UNs, in occupational settings. There is an equivalent organisation under the 
Norwegian Ministry of Health and Care Services, The Scientific Committee for Food Safety (VKM), 
which carries out independent risk assessments of contaminants in food, including nanoparticles, for 
the Norwegian Food Safety Authority. In the Russian Federation “Federal Service on Surveillance for 
Consumer Rights Protection and Human Well-being” (ROSPOTREBNADZOR) is a branch of the 
Health Ministry and the main regulatory agency, which is responsible for evaluating the toxicity of 
chemicals (including UNs), and approval of standards of the chemical substances. Several institutes 
accredited by the “Federal service on accreditation” carry out studies for determining exposure and 
toxic potential to chemicals (including UNs). However, with respect to UNs these institutes presently 
do not need additional accreditation for their work, since there are no specific regulatory procedures 
for working with nanoparticles. Methods and techniques for working with substances in micro- or 
macroforms are used. Some Research Institutes and Research Centers in Russia may carry out these 
types of work with UNs. RUSNANOTECH is a private company, also operating in the UNs field. This 
institution receives expert opinions from competent scientific organizations on the level of danger or 
safety of the products from nanotechnology industry, and makes a classification based on the hazard 
levels. When comparing the risk assessment and regulatory policies in EU/EEA/Norway and Russia, 
the risk assessment in principle seems similar, and the risk assessment of UNs is based on the 
relationship between mass and response, as for chemicals in general. In both EU/Norway and the 
Russian Federation, no specific regulatory procedures for working with UNs are obtained. With respect 
to regulatory policies, there are also differences, as Russia follows their own federal legislation, in 
contrast to the EU- and EEA-countries (including Norway) that are bound by the legislation within the 
REACH/CLP framework. In EU/EEA/Norway, many institutions are involved, both at an international 
and national level, whereas in the Russian Federation ROSPOTREBNADZOR seems to have a 
regulatory role in issues regarding chemicals/nanoparticles in the environment, for consumers and in 
occupational settings. 
 



 

 

 
 
 
 

Posters 
- 

Session 3.4 



International Conference on Health & Safety issues related to Nanomaterials, Nanosafe 2016 
November 7-10, 2016 – Grenoble, France 

 
Session 3.4 
FROM NANOPRODUCTS TO WASTE 

P
a

g
e
2

4
3

 
 

S3.4-P1 
 

NANOTECHNOLOGIES FOR BUILDINGS OF THE FUTURE 
 

Grewal Dalvindersingh1, (1) Desh Bhagat University, 1925, Basant Avenue, Ludhiana, 141013, India 
 
The needs of the world are growing while the sources are decreasing. The existing systems have not 
been able to cope up this developing situation. It is likely that with the fast increasing population will 
worsen this situation.  All types of sciences, commerce and arts have not been able to provide the 
solutions to this situation so far.  Nanotechnology is the new field which provides us some hope to 
meet the growing challenges. New wonder nano- materials like carbon nano-tubes, fullerenes, bucky-

balls, dendrimers, quantum dots, nano-crystals, titanium dioxide nano-particles, silver nano-particles, 

silver nano-wire and other such nano-sized particles have brought a change in the materials at a 
surface level but need now is changing the redundant systems into new workable nanotechnology 
systems which could provide worthwhile solutions to the ever growing problems. This concept paper 
aims at exploring the role of Nanotechnology in the new world.  
Ever increasing population shall continue to demand more space. The haphazard growth of buildings 
and now multi-storey buildings has created more risks than safety and comfort. We have no 
alternative than to provide least space occupying buildings if we have to spare space for natural 
growth with new materials. The nanotechnology has a very important role to play in construction of the 
buildings, bridges, roads etc. We can alternate such materials with nano-material coated thin hard 
plastics. These materials will occupy negligible space and can be safely tried out as new building 
materials. For making such nano-materials there is no dearth of atoms and molecules in universe; only 
their right combination and assembling these atoms with required qualities is needed.  
How can the required material be created? Material creation may involve all or some of the following 
steps: (a) listing out characteristic requirements for the particular material, (b) identifying or planning 
for innovating materials with the above characteristics, (c) adopting methods and approaches for 
material preparation, (d) organizing construction process and equipment, (e) construction, testing and 
try out and modification, (f) bulk production and (g) using the materials for construction. The 
characteristic requirements for building construction are security, strength, ease and cheap 
transportability and flexibility, minimum labour and its easy availability at affordable costs. The 
alternative materials providing these qualities are; diamond & steel that provide security and strength; 
plastics, silicon, cardboard, paper and ply provide easy transportability and flexibility, cheaper costs 
and less labour. None of these materials in the world at present meets all the needed qualities. Hence 
there is a need for innovation of such like materials which contain all or almost all of these qualities. 
One type of such novel material at the threshold or being developed is through nano-materials from 
various metals. The Nano-materials are the materials with structured components with at least one 
dimension less than 100 nm. Overall properties of all materials are determined by their structure at the 
micro & nano-scale. Novel materials can be created by rearranging atomic structures.  
Concept of miniaturization of materials has already been tried out through nanotechnology. For 
example to build a house of size 10’ x 12’ you will require 2400 strips of size 6” x 6” x 0.25” weighing 
about one kg which can be safely carried by even a child. Assembling with practice may take at the 
most 2 to 3 minutes. Strength of these strips will be enough to withstand the impact of an atom bomb. 
The materials used may be nano-carbon coated plastic materials. Advantages of nano-carbon coated 
plastic materials are that these are hard & strong, easy to construct, transportable, less time to 
construct, no extra labor to construct, cheaper in the long run, occupy least space/ no permanent 
space, hermetically sealed hence safe from all round pollution. Disadvantages of carbon coated 
plastics are that these are still at conceptual stage, require heavy costs of research, heavy initial 
construction costs and time factor for initial induction. The concept needs to be put into research and 
the result is certainly expected to be positive. To save space we must find items, other than the 
nature, now covering major space of the earth. We have producing units (factories and fields) 
buildings (dwelling and storing units) and communicating units (roads, airports, rails and bridges) as 
the major space occupying units. If we do away or reduce the sizes of these major units from the 
earth, we shall be provided pollution free sufficient space on earth to easily survive.  
Key Words: Nanotechnologies, buildings, energy, space, health 
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S3.4-P2 
 

METALLIC NANOWASTE: TOWARDS SUSTAINABLE RECYCLING SOLUTIONS 
 
Brenda Omana S.1, Annette Hofmann1, Ludovic Lesven2, Sophie Sobanska2, Benjamin Gilbert3 and 
Laurent Charlet4 (1) UMR 8187, LOG Laboratoire d’Oceanologie et de Géosciences, Université Lille 1 
Sciences and Technologies, 59655 Villeneuve d’Ascq Cedex, France (2) UMR 8516 
LASIR,  Laboratoire de Spectrochimie Infrarouge et Raman, Université Lille 1 Sciences and 
Technologies, 59655 Villeneuve d’Ascq Cedex, France (3) Earth Science Division, Lawrence Berkeley 
National Laboratory, Berkeley, CA, USA (4) Environmental Geochemistry Group; ISTerre-OSUG, 
Université Grenoble Alpes, 38041, Grenoble, France 
 
The increasing worldwide use of rare metals, including precious metals (gold, silver, and the platinum 
group) and critical metals (yttrium, neodymium, europium, etc.) has an impact on the geochemical 
cycles of these elements. At all stages of a product life cycle, these metals and their compounds can 
be released into the environment and come in contact with the biosphere. The use of rare metals in 
nanomaterials used in high-tech products can have particular issues for environmental impact 
because of their high surface chemistry, transport and reactivity of nanoscale particles.  
 
Alongside current efforts to understand the environmental fate and eco-toxicological behavior of 
metallic nanomaterials, there is a need to design safer forms of critical nanotechnology and to develop 
efficient, innovating and economically viable recycling processes. Recycling is a key component of any 
circular economy, a priority for a Resource Efficient Europe[19], and essential to keep nanomaterials 
from entering the environment. Various types of recycling processes of metal nanowaste are currently 
being studied and used, in particular hydrometallurgical, biometallurgical, separation methods, 
chemical reduction,electrolysis and electroleaching methods. The most adequate technology will be 
function of physical and chemical properties of the material, and economical aspects. 
 
We are developing approaches to remove metallic nanomaterials from research and commercialized 
products. Our goal is to develop a sustainable method for demetallizing nanowire enabled devices 
directly, before end-of-life disposal, to reduce the environmental and toxicological risk of these 
materials. We are focussing on Ag-nanowires of new generation touchscreens. The strategy will be 
divided into the following steps: collection of nanoproducts, mechanical pre-treatment, metal 
extraction, recovery and valorization of extracted metal. To be viable, the method will have to be eco-
friendly and based on a zero energy consumption strategy. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
19 European Commission. Environment Directorate-General (2014) The Circular Economy: Connecting, Creating 

and Conserving Value. http://www.eesc.europa.eu/resources/docs/the-circular-economy.pdf 
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S3.4-P3 
 

THERMAL DISPOSAL OF WASTE CONTAINING NANO-OBJECTS: 
 FIRST INVESTIGATIONS ON A METHODOLOGY FOR RISK MANAGEMENT  

 
G. Ounoughene1,2,3, O. Le Bihan4, C. Chivas-Joly5, C. Longuet2, B. Debray4, A. Joubert1, J-M. Lopez-
Cuesta2, L. Le Coq1, (1) LUNAM, Ecole des Mines de Nantes, GEPEA, CNRS, UMR 6144, 4 rue 
Alfred Kastler, 44307 Nantes Cedex 03, France (2) C2MA, Ecole des Mines d’Alès, 6 Avenue de 
Clavières, 30319 Alès Cedex, France (3) ADEME, 20 avenue du Grésillé, 49004 Angers Cedex 01, 
France (4) INERIS, Parc Technologique Alata, 60550 Verneuil-en-Halatte, France (5) LNE, 29 Avenue 
Roger Hennequin, 78197 Trappes Cedex, France 
 
Considering the wide use and production of nano-objects since last two decades, these trendy 
nanomaterials (NMs) are expected to end up in thermal disposal and incineration waste plants. It 
seems relevant to assess the risks related to the thermal disposal and incineration of waste containing 
NMs (WCNMs).  
The objective of this work is to develop a methodology for risk management in order (1) to support 
decision-makers and incineration plant managers and (2) to give insights on nanosafety of exposed 
operators and on potential environmental risks related to the incineration and thermal disposal of 
WCNMs. 
Therefore, the main challenge is to find (a) key parameter(s) which would govern the decision related 
to risk management of NMs thermal disposal.  
On the one hand, we focused on the relevant literature studies about the incineration of NMs. On the 
other hand, we conducted a panel discussion. The review of this literature highlights that the 
nanostructure destruction of the nano-object appears as a relevant indicator of the risks related to the 
NMs incineration.  
As a consequence, we defined a “temperature of nanostructure destruction” (TND) which would be the 
temperature from which the nanostructure will be destroyed. For the later, this parameter has been 
assumed to be a consistent indicator to develop a preliminary methodology.  
If the combustion chamber temperature is higher than the TND of the NM or if they are close to each 
other, then the nanostructure will be destroyed and no risks related to NMs remain.  
If the TND of the NMs is higher than the combustion chamber temperature, then the nanostructure will 
not be destroyed and risks related to NMs have to be considered. As a result, five groups of 
nanomaterials have been defined. WCNMs including Carbon NMs appear to be in good position to be 
destroyed correctly. On the other hand, there would not be operational thermal disposal available to 
manage WCNMs including CeO2 and ZrO2. 
Finally, a decision tree has been designed. TND is used as criteria to assess if a waste can be 
managed safely or not by a specific thermal disposal and which safety measures have to be taken.  
Key words: Incineration, thermal disposal, NMs, nano-objects, risks, nanosafety, TND 
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grateful to D. Venditti from TREDI (Séché Environnement), E. Fiani (ADEME) and B. Schnuriger 
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HOW TO REMOVE TiO2 NANOPARTICLES FROM A SURFACE: A PRIMARY CLEANING 
PROTOCOL 

 
Delphine Boutry1, Maxence Laugier1, Sébastien Diry1, Sylvie Motellier1, Caroline Celle2, Jean-François 
Damlencourt1, (1) Univ. Grenoble Alpes, CEA Tech Liten, PNS, DTNM, F-38000 Grenoble, France 

 
TiO2 is the most produced and handled kind of NPs because it was added in paints, concrete, food, 
solar creams… In case of synthesis reactor cleaning or accidental dispersion of NPs, industrials need 
simple cleaning protocols to remove them from equipment, walls and floors. 
In this study, we try to understand phenomena governing electrostatic affinity between substrates 
(glass and stainless steel), TiO2 NPs (of about 25nm in diameter) and those different tested 
surfactants: SDS Sodium Dodecyl Sulfate (anionic), CTAC (CetylTrimethylAmmonium Chloride 
(cationic), CHAPS (3-[(3-CHolamidopropyl)dimethylAmmonio]-1-PropaneSulfonate (zwitterionic) and 
Triton X (non-ionic) surfactants. Their concentration was equal to 5 times their Critical Micelle 
Concentration (CMC). They were tested in order to select the best one in term of TiO2 NPs removing 
from glass and stainless steel substrates. 
Experiments were focused on Dynamic Light Scattering (DLS) measurements giving the size and the 
zeta potential of TiO2 NPs in solutions and on SURPASS measurements giving zeta potential of solid 
substrates. The quantification of NPs before and after cleaning processes was measured by X-Ray 
Fluorescence spectrometry (XRF). 
First, the variation of the zeta potential of substrates covered by TiO2 NPs in function of pH (from 3 to 
9) was investigated. Variations with different surfactants flow were followed using SURPASS tool. XRF 
results showed that the SDS surfactant (anionic) was the best cleaning solution with a decrease of 
about 99% of TiO2 at the surface of a glass substrate. This surfactant was more investigated to find a 
pH range where the efficient could be at its best. By investigating substrates covered by NPs at each 
pH independently, we found that the cleaning was more efficient at slightly basic pH, in a range of 8-9 
depending of the substrate material (Figure 1 a). This effect was mainly due to an aggregation 
phenomena of TiO2 NPs at this pH shown by DLS (Figure 1 b). This aggregation, combined with an 
electrostatic repulsion of substrates and SDS (both negative zeta potentials), is the main explanation 
of this cleaning efficiency at basic pH. Finally, a primary protocol was proposed to help workers in 
case of TiO2 dispersion. 
 
 
 
 

 

 

 

 

 

 

Figure 1: a) Cleaning efficiency measured by XRF at each pH on substrates covered by 

TiO2 NPs.  

b) Observation of aggregation phenomenon of TiO2 NPs in solution in function of pH. 

 
 
 
 
 
 
 
 

a) 
b) 
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NANOCOMPOSITES END-OF-LIFE STUDIES – A HIGH THERMAL DEGRADATION LAB-SCALE 
EXPERIMENTAL SET-UP 

 
S. Jacquinot1, E.Zimmermann1, N.Pelissier1, A. Guiot1, D. Boutry1, J.F. Damlencourt1, S. Vázquez2, A. 
Vilchez2, C. Citterio3, C.Philippot1, (1) CEA-Grenoble, NanoSafety Platform - L2N, 17 rue des martyrs, 
F-38054 Grenoble, France - Univ. Grenoble Alpes, F-38000 Grenoble, France (2) LEITAT C/ de la 
Innovació, 2 S-08225 Terrassa (Barcelona), Spain (3) LATI Industria termoplastici S.p.a. Via F. 
Baracca 7, I-21040 Vedano Olona (VA), Italy 
 
The increase of NanoParticles (NPs) used in industrial products and the uncertainty on their toxicity 
raise the issue of their end-of-life behavior. Few data are found about nanocomposites high thermal 
degradation and their NPs potential release in the combustion fumes. The Guidenano European 
project investigates, among other topics, the nanoparticles fate during polymers incineration and NPs 
influence on the industrial product degradation. 
 
In the frame of this project, an incineration experimental setup was developed to study the behavior of 
polymers containing nanoparticles. Tests were performed in compliance with the European parliament 
directives about operating conditions for waste incineration (2010/75/EU – art. 50). Especially, the 
incineration temperature and residence time are specified - “at least 850 C for at least two seconds” 
during combustion and post-combustion for the organic substances without halogenated elements. 
 
In this study, a high temperature tubular furnace was used. It was connected to a sampling system in 
order to perform aerosols real time measurements and to collect samples. 
During this process development, two main issues were encountered: 

· The NPS background which was solved by a specific protocol applied before each 
incineration. 

· The measurement reliability which was improved by working on the device’s geometry and by 
the implementation of operating protocols. 

The measurement is now able to differentiate nanomaterial specific signature during high thermal 
degradation. 
 
This poster will describe the incineration setup, from the furnace to the NPs measurement equipment 
(fig.1), and the first results. 
 
 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 1: Incineration experimental device 
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ACCURATE NANOPARTICLE CHARACTERIZATION USING SAXS MEASUREMENTS 
 
B. Faure1, S. Desvergne-Blenau1, P. Panine1, B. Lantz1, P. Høghøj1, F. Benvenuto2, Z. Jiang2 and H. 
Haddar2, (1) Xenocs SA, 19, rue François Blumet, 38 360 Sassenage, France (2) CMAP - Ecole 
Polytechnique, Inria Saclay, Route de Saclay, 91128 Palaiseau, France 
 
Small Angle X-Ray Scattering (SAXS) is a technique well suited for investigating the structure of 
materials in the range from 1 to beyond 100 nm.[1] The technique gives information on sample 
parameters such as shape or size, size distribution, orientation and anisotropy, and surface area on a 
wide range of nanomaterials: powders, dispersions and nanocomposites. 
 
The X-ray beam typically probes a sample volume of 0.1-1 mm3. The information on the size is thus 
obtained from inside the sample and is statistically representative of the sample volume probed. 
Furthermore, sample preparation is minimal and the technique is non-destructive. Recent 
developments in instrumentation and software greatly enhance the capabilities and ease of use of the 
method in terms of measurement time, environmental control and data analysis.[2] 
 
The capability of laboratory-based solutions for the characterization of nanoparticles is recognized in 
the ISO standard on measurement of particle size.[3] We will show different examples of particle sizing 
and size-distribution measurements with SAXS, including particles in complex matrices and 
polydispersity studies. Comparisons will be done with alternative methods such as light scattering and 
electron microscopy.[4] 
 
 

   
SAXS instruments from Xenocs (Left: Xeuss 2.0 ; Right: Nano-inXider) 

 
 
[1] A. Guinier, G. Fournet, C. Walker, and K. Yudowitch. "Small-Angle Scattering of X-rays". John 
Wiley and Sons, Inc., 1955. 
 
[2] F. Benvenuto, H. Haddar, and B. Lantz. "A robust inversion method according to a new notion of 
regularization for Poisson data with an application to nanoparticle volume determination". SIAM 
Journal on Applied Mathematics, 2016, 76 (1), pp.276-292. 
 
[3] DIS ISO/NP 17867:2015 prepared by committee ISO/TC24/SC4/WG10. 
 
[4] N. Feltin, S. Artous, Inter-comparaison du Club Nanométrologie, « 4èmes Rencontres Annuelles en 
Nanométrologie », 2014. 
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FRENCH NETWORK ON ULTRAFINE PARTICLES MONITORING: FIRST RESULTS 
 
A. Thomasson1, P.Y. Guernion2, B. Mesbah3, F. Roze1, and O. Le Bihan4, (1) ATMO Auvergne/Rhône-
Alpes, Saint Martin d'Hères, 38400, France (2) AIRAQ, Mérignac, 33692, France (3) AIR PACA, 
Marseille, 13000, France (4) INERIS, Verneuil-en-Halatte, 60550, France 
 
Context 
Since 2012, various projects have been dedicated to airborne ultrafine particles by French air quality 
monitoring networks in Rhône-Alpes, Aquitaine, and PACA, constituting the first French UFP 
“Observatory”. These projects were carried out with the French reference laboratory for air quality 
monitoring (LCSQA), leading to the building up of a national Working Group on UFP.   
Several questions are addressed, including the identification and quantification of local industrial 
sources, the assessment of the impact of industrial, traffic and residential heating emissions on total 
particle number, as well as the investigation of phenomena’s influencing UFP concentrations.     
 
Method 
7 granulometers UFP3031(*) have been acquired by all the partners. This instrument measures the 
size distribution and number concentration within 6 particle size classes between 20 and 800 nm. Both 
short term campaigns and long term monitoring programs have been considered, in mobile or fixed air 
monitoring stations. The implementation concerns various typologies of stations, close to industry or to 
traffic, background urban sites (cf. Table 1). 
Other pollutants were monitored, such as SO2, NOx, PM2.5, PM10 and also PMff, PMwb (fossil fuel 
and wood burning part of combustion measured with AE33).  
 
Results 
In a metallurgical complex, investigated through the implementation of a UFP3031 at various places 
around a steel mill, UFP based wind roses appear to be largely more specific than PM based for 
identifying the sources. Close to a chemistry area, a strong correlation between UFP <70 nm and SO2 
has been observed. 
Close to heavy traffic roads, UFP size distribution and concentration appeared to be mainly leaded by 
traffic variations, regardless of seasonal or meteorological conditions. UFP < 50nm roughly represent 
50% of the total number concentration.  
At urban background sites, UFP characteristics are primarily influenced by meteorological parameters. 
During winter, PMwb (wood burning part) presents a very good correlation with UFP > 70nm 
(especially 100-200nm). A quite good correlation is also observed with UFP >70nm and pollutants 
indicators of traffic such as PMff (fossil fuel part) or NO2.  
During summer season, the UFP monitoring allows also to show the formation of new particles 
(<50nm) in the afternoon, due to photochemical reactions. 
 

Place Typology Nb. Partner 
Grenoble (38) Urban 

background 
5 AIR RA 

Talence (33) 1 AIRAQ 
 

Grenoble (38) Traffic 2 AIR RA 
    
Fos-sur-Mer (13) Industry 4 AIR PACA 

Mourenx (64) 2 AIRAQ 
 

 

Table 1: Place and typology of the monitoring sites 
 
 
(*) cf. other abstract submitted to this conference: O. Le Bihan et al., 2016 - Determination of the 
UFP3031 Uncertainty on Number Concentration regarding Ambient Air Particle Monitoring 
 
 
Keywords:   ultrafine, UFP3031, monitoring 
Presenting author email: athomasson@atmo-aura.fr 
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DETERMINATION OF THE UFP_3031 UNCERTAINTY ON NUMBER CONCENTRATION 
REGARDING AMBIENT AIR PARTICLE MONITORING 

 
O. Le Bihan1, M. Dalle1, A. Thomasson2, F. Pin3, B. Mesbah4, P. Bourquin3 and O. Favez1, (1) INERIS, 
Verneuil-en-Halatte, 60550, France (2) ATMO Auvergne/Rhône-Alpes, St-Martin d'Hères, 38400, 
France (3) AIRAQ, Mérignac, 33692, France (4) AIR PACA, Marseille, 13000, France  
 
Context 
From 2011 onwards, some French air quality monitoring networks started to develop strategies for the 
monitoring of airborne ultrafine particles (*). To ensure the consistency of the results obtained from 
these various programs, a single measurement technique has been commonly selected: the UFP3031 
Monitor. Two interlaboratory exercises have been organized in 2014 and 2015, to assess the accuracy 
of the instrument through a comparison with other techniques (such as SMPS), and through 
uncertainty calculations.    
 
Instrumentation 
The UFP3031 is manufactured by TOPAS and commercialized by TSI. It measures the size 
distribution and number concentration within six particle size classes between 20 and 800 nm. The 
principle is based on diffusion charging of particles, followed by size segregation within a Differential 
Mobility Analyzer (DMA) and detection of the aerosol via an electrometer. It has been specifically 
designed for long-term, air quality monitoring networks, without working fluids nor radioactive source.  
 
Method 
All instruments have been carried out in an urban air monitoring station at Creil (60). 
They were equipped with an individual sampling line provided by TSI, including a PM10 ambient air 
sampling head and a PM1 cyclone. A commercial SMPS has been implemented with 5 min scanning. 
 
Results  
For 200-800 nm channel: the comparison for this channel shows some limitations. For instance, the 
average relative uncertainty calculated in 2015 has been of 90%. This could be due to the low 
concentration in the environment in that range, regarding the detection limit of the system 
(electrometer). As a consequence, data obtained for this channel should be considered only as 
indicative. 
For the 20-200 nm range: each instrument could be systematically compared to a commercial SMPS 
using orthogonal regressions, for each of the 5 channels, and satisfactory results have generally been 
obtained. For instance, more than 85% of the calculated coefficient director are in the 0.70 – 1.30 
range, and more than 80% of the correlation coefficients (r2) are over 0.90. 
The UFP3031 datasets have been evaluated using a Grubb test, before uncertainty calculations (intra-
technique). Uncertainty has been calculated at 6 concentrations, for each channel, and for the total 
concentration. Finally, in 2015, the average relative uncertainty ranged from 13 % (70 – 100 nm) to 25 
% (30 – 50 nm). 
 

 

 2014 2015 
Nb. of instruments 6 5 (+1) 
Nb. of laboratories 4 3 (+1) 

Period 9-20 July 16-29 June 
Nb. hourly data 

validated 
261 310 

Nb. conc. range  
( p.cm-3) 

5,600–18,000 1,200-23,000 

 
 

Table 1: Information regarding exercises 
 
(*) cf. other abstract submitted to this conference: A. Thomasson et al., 2016 - French Network on 
Ultrafine Particles Monitoring: first results 
 
Keywords:   ultrafine, UFP 3031, monitoring 
Presenting author email: olivier.le-bihan@ineris.fr
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SYNTHESIS, CHARACTERIZATION AND CYTOTOXICITY OF S-NITROSO-MERCAPTOSUCCINIC 
ACID-CONTAINING ALGINATE/CHITOSAN NANOPARTICLES 

 
Amedea B. Seabra1,2, Giulia K. Fabbri2, Milena T. Pelegrino2, Letícia C. Silva1, Tiago Rodrigues1,       

(1) Center of Natural and Human Sciences, Universidade Federal do ABC, Av. dos Estados 5001, 
CEP 09210-580, Santo André, SP, Brazil (2) Exact and Earth Sciences Departament, Universidade 
Federal de São Paulo, Rua São Nicolau, 210, CEP 09913-030, Diadema, SP, Brazil  
 
Nitric oxide (NO) is an endogenous free radical, which plays key roles in several biological processes 
including the promotion of the vasodilation, the neurotransmission, the inhibition of platelet adhesion, 
the cytotoxicity against pathogens, the promotion of wound healing, and the defense against cancer. 
Due to the relatively instability of NO in the biological medium (it has a half-life of ca. 0.5 seconds), 
there is a great interest in the development of low molecular weight NO donors, such as S-
nitrosothiols (RSNOs), able to prolong and preserve the biological activities of NO in vivo. In order to 
enhance the sustained NO release in several biomedical applications, RSNOs have been successfully 
allied to nanomaterials. In this context, this work describes the synthesis and characterization of the 
NO donor S-nitroso-mercaptosuccinic acid (S-nitroso-MSA), which belongs to the class of RSNOs, 
and its incorporation in polymeric biodegradable nanoparticles composed by alginate/chitosan. Firstly, 
chitosan nanoparticles were obtained by gelation process with sodium tripolyphosphate (TPP), 
followed by the addition of the alginate layer, to enhance the nanoparticle protection. The obtained 
nanoparticles have a hydrodynamic diameter of 343 ± 38 nm, polydispersity index (PDI) of 0.36 ± 0.1, 
and zeta potential of – 30.3 ± 0.4 mV, indicating the thermal stability of the nanoparticles in aqueous 
suspension. The negative zeta potential value is assigned to the presence of alginate chains on the 
surface of chitosan/TPP nanoparticles. The encapsulation efficiency of the NO donor into the 
polymeric nanoparticles was found to be 98 ± 0.2%. The high encapsulation efficiency value is 
attributed to the positive interactions between the NO donor and the polymeric content of the 
nanoparticles. Kinetics of NO release from the nanoparticles revealed spontaneous and sustained 
release of therapeutic amounts of NO, for several hours under physiological temperature. Incubation 
of NO-releasing alginate/chitosan nanoparticles with human hepatocellular carcinoma (HepG2) cell 
line demonstrated a concentration-dependent toxicity. These results suggest the promising uses of 
NO-releasing alginate/chitosan nanoparticles for anti-cancer therapy.  
 
Acknowledgements: FAPESP (Proc. 2016/10347-6), the Brazilian Network on Nanotoxicology (Grant 
number: 552120/2011-1) (MCTI/CNPq), the Laboratory of Nanostructure Synthesis and Biosystem 
Interactions-NANOBIOSS (MCTI) (Grant number: 402280-2013), Newton Advanced Fellowship (The 
Royal Society NA140046). 
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NANOMATERIAL TOXICITY THROUGH A SAFER BY DESIGN APPROACH ON MYTILUS EDULIS 
HEMOCYTES 

 
Andrew Barrick1, Mélanie Bruneau1, Catherine Mouneyrac1 and Amélie Châtel1, (1) Mer Molécules 
Sante (MMS), Université Catholique de l’Ouest, 3 place André Leroy, BP10808, 49008 Angers Cedex 
01, France 
 
 
Nano-scale products are being produced faster than current toxicity screening can keep up with, 
making it difficult to develop a universal regulatory policy.  The use of in vitro assays that implement 
rapid screening approaches can address this growing demand for a fast and cost effective means of 
developing a comprehensive regulatory framework for engineered nanomaterials (ENMs). Under the 
project NanoReg II, funded by the European Union, the objective of our research is to provide a 
means in which nanomaterials can be incorporated into REACH guidelines and to implement safer by 
design strategies in assessing nanomaterials.  In this context, the aim of this study is to develop a safe 
by design platform based on toxicity screening through a cell culture on marine mussel (Mytilus edulis) 
hemocyte cells exposed to different ENMs at different stages of their life-cycle. Cytotoxicity screening 
was used to identify sublethal concentrations in order to assess biomarker responses to the presence 
of ENMs and to develop a response profile for each ENM tested. Toxicity profiles identified in vitro will 
be validated with in vivo exposures. Research is currently focused on analyzing nanomaterials (SiC) 
provided by an industrial partner with two different sizes at production. Information on the toxicity 
profiles will be used to identify which product has the lowest potential risk with regards to toxicity on M. 
edulis hemocytes. Future work will also focus on characterizing the mechanistic pathways of toxicity of 
these SiC and other ENMs provided by industrial partners in order to establish a life-cycle analysis 
and comprehensive risk assessment for all products tested.  
 
Keywords: Safer by design, nanomaterials, Mytilus edulis, hemocytes, cell culture, toxicity pathways 
 
Acknowledgements: This work is funded by the European project NanoReg II (Development and 
Implementation of Grouping and Safe-by-Design approaches within Regulatory Frameworks) 
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IN VIVO NANOTOXICOLOGICAL PROFILE OF GRAPHENE OXIDE 

Marcela Durán1,3, Nelson Durán2,3,4, Wagner J. Fávaro1,3, (1) Lab.Urogenital Carcinogen and 
Immunother. UNICAMP, Campinas-SP, Brazil (2) Chem. Inst., UNICAMP, Campinas, SP, Brazil (3) 
NanoBioss, Inst. Chem. UNICAMP, Campinas-SP, Brazil (4) LNNano (CNPEM), Campinas, SP, 
Brazil,   
 
Graphene oxide, a widely studied nano materials which has been presenting numerous beneficial in 
medical devices .The graphene sample GO:Single-layer graphene oxide, purity 99%, thickness 0.7-
1.2 nm (AFM); ~300-800nm X&Y dimensions is the standard size <450 nm & 1-20 µm lateral 
dimensions from Cheap Tubes Inc., Bratleboro, USA was selected for this study. Characterization of 
GO and stability were previously studied. All the assays were carried out at a concentration of 1 
mg/mL (stock suspension by ultrasonication) (stable 10 days). In this study the first parameter 
avaluated was in animal toxicity in acute and chronic responses. The second one was to observe the 
morphology and histological changes on major organs, like signs of inflamatory areas. A total of 25 
rats (Fischer 344) were divide in 5 groups (n = 5 animals): negative control group (NCT); Positive 
cancer control group (PCCT); GO group-1 (GO 1); GO group-2 (GO 2) and GO group-3 (GO 3), with 
different concentrations of graphene oxide. All the groups were treated by via intra peritoneal (i.p) 
administration. Biochemical and histopatology results of acute toxicology showed no alterations. In the 
chronic toxicology was founded a lot of deposit seccions and morfology alterations in differents tissues 
(inflammations) (figure 1), giving to us the concentrations limit to use GO free. 
 
Acknowledgment: Support from IMOMAT, NANOBIOSS (MCTI/CNPq), Braz. Network Nanotoxicol. 
and FAPESP are acknowledged 
 
References:  
 
Durán, N., Martinez, D.S.T., Justo, G.S., de Lima,  R., de Castro, V.L., Umbuzeiro, G.A., Barbieri, E., 
Durán, M., Melo, P.S., Alves, O.L., Fávaro, W.J. (2015), Interlab study on nanotoxicology of 
representative graphene oxide. J. Phys. Conf. Ser. 617, 012019 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Morfological alterations in differents tissues (inflammations) 
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NATURAL LIPIDS IN NANOSTRUCTURED LIPID CARRIERS AND ITS CYTOTOXICITY 
 

Paula A. Lima1, Caroline A.D. Rampazo1, Amanda F. Costa1, Tiago Rodrigues2, Carolina M. Watashi2, 
Nelson Durán1,3,4, (1) Institute of Chemistry, Biological Chemistry Laboratory, University of Campinas 
(UNICAMP) - Campinas - SP, Brazil (2) Center oF Natural and Human Sciences, Federal University of 
ABC, Santo André, SP, Brazil (3) NanoBioss (UNICAMP), SP. Brazil (4) National Nanotechnology 
Laboratory (LNNano-CNPEM), Campinas , SP, Brazil  
 
Nanostructured lipid carriers (NLCs) are active carrier systems which modulate the sustained release 
of actives and protect unstable compounds against degradation (Pardeike et al. 2009). NLCs can also 
protect skin from sun light, due to its particulated nature, which gives them intrinsic scattering 
properties. In this work, we present the preparation of NLCs using natural lipids and its cytotoxicity 
profile. We used a vegetal butter with melting point (m.p.) ~32-40oC, an animal wax (m.p. 35-40oC) 
and a vegetal oil (boiling poing ~120-150oC). NLCs were prepared by hot high pressure 
homogenization method and particles were characterized by average size (Zave), polydispersity index 
(PDI) and zeta potential (PZ) (Fig.1). The thermal behavion of the NLCs was studied using Differential 
Scanning Calorimetry (DSC). Al the formulations were followed up to 60 days to evaluate their 
stability. NLCs exhibited a Zave around 150-200 nm, PDI less than 0.2 and PZ varying from -25 to -40 
mV. The m.p. for the liophilized NLCs was about 40-56°C. Cytotoxicity of the formulations was 
evaluated for human keratinocytes (HaCaT) and melanocytes (Melan-A) in the exponential growth 
phase. Cell viability was used as indicator of citotoxicity and determined after 4 days of culture by MTT 
assay. We found that the NLC formulations were not toxic against HaCaT and Melan-A cells. Results 
show that the NLCs produced are potential carriers for nanocosmetics and sunscreen products. 
 
Acknowledgement. Support from FAPESP, CNPq, and MCTI (NanoBioss) are acknowledged.  
 
References:  
 
Pardeike, J., Hommoss, A., Aiman, R. H. (2009), Lipid nanoparticles in cosmetic and pharmaceutical 
dermal products. Int. J. Pharm. 366, 170-184. 
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Figure 1. Zave, PDI and PZ of one formulation produced with 600 bar of pressure, containing 10% 
liquid lipid, after 3 cycles. 
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ADDITIVE INTERACTION OF CARBON DOTS EXTRACTED FROM SOLUBLE COFFEE AND 
BIOGENIC SILVER NANOPARTICLES AGAINST BACTERIA 

 

Patricia F. Andrade1, Gerson Nakazato2, Nelson Durán1,3,4,, (1) Institute of Chemistry, University of 
Campinas (UNICAMP), Campinas, SP, Brazil (2) Biology Sciences Center, Londrina State University 
(UEL), Londrina, Brazil (3) NanoBioss, Institute of Chemistry, UNICAMP, Campinas, SP, Brazil (4) 
Brazil. Nat. Nanotechnol. Lab. (LNNano-CNPEM), Campinas, SP, Brazil 

 

It is known the presence of carbon dots (CDs) in carbohydrate based foods. CDs extracted from 
coffee grounds and instant coffee was also published [1]. CDs from soluble coffee revealed an 
average size of 4.4 nm. CDs were well-dispersed in water, fluorescent and we have characterized by 
XPS, XRD analysis and by FTIR spectra.  The MIC value by serial micro-dilution assays for CDs on S. 
aureus ATCC 25923 was 250 μg/mL and E. coli ATCC 25922 >1000 ug/mL. For silver nanoparticles 
biogenically synthesized [2] was 6.7 μg/mL. Following the checkerboard assay with combining ½ MIC 
values of the MICs of 125 μg/mL of carbon dots and 3.4 μg/mL of silver nanoparticles, following the 
Chin et al.[3] methodology, on S. aureus gave a fractionated inhibitory concentration (FIC) value of 
1.0, meaning additive interaction. In general, the unfunctionalized CDs showed to be inefficient as 
antibacterial compounds, however the CDs extracted from Coffee powder and together silver 
nanoparticles appeared interesting as antibacterial association (Fig.1). 
 

Acknowledgement: Support from the CIGENANOTOX (MCTI/CNPq), INOMAT (MCTI/CNPq), 
NanoBioss (MCTI) and FAPESP are acknowledged. 
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Figure 1: Biogenic silver nanoparticles interacting with carbon dots and bacteria 
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CHRONIC EFFECTS OF TITANIUM DIOXIDE NANOPARTICLES ON THE TROPICAL 
CLADOCERAN CERIODAPHNIA SILVESTRII BY DIETARY EXPOSURE 

 
Gisele Maria de Lucca1, Emanuela Cristina Freitas2, Maria da Graça Gama Melão3, (1) Post-Graduate 
Program of Ecology and Natural Resources, Federal University of São Carlos (UFSCar), Rodovia 
Washington Luís km 235, 13565-905, São Carlos-SP / Brazil (2) UFSCar, Department of Ecology and 
Evolutionary Biology, São Carlos-SP / Brazil (3) UFSCar, Department of Hydrobiology, São Carlos-SP 
/ Brazil   
 
 
Dietary exposure has been largely ignored in research on the toxicity of nanoparticles (NPs), 
especially for tropical cladoceran species. The food, represented by the algae, may act as a channel 
of NPs contamination to cladocerans, since unicellular algae have a high surface contact area relative 
to their volume, which amplifies their exposure to NPs. In addition, NPs may interact with cell 
membranes and walls of the algae and with the exopolysaccharides secreted by them. In this light, the 
aim of this study was to assess the chronic effects of titanium dioxide nanoparticles (TiO2 NPs) on the 
survival, body length and production of both eggs and offspring of the tropical freshwater cladoceran 
Ceriodaphnia silvestrii via dietary exposure. Thus, the importance of algal cells as a source of TiO2 
NPs to cladoceran was studied by exposing Raphidocelis subcapitata cells to TiO2 NPs by 96 h and 
supplying the algae as food to C. silvestrii until the release of its third brood. Significant toxic effects on 
the body length and total number of eggs and neonates produced by females of C. silvestrii were 
observed at concentrations of 1 and 10 mg TiO2 NPs L-1. The survival endpoint was the most sensitive 
toxicity parameter, when exposure was given by food. From the concentration of 0.01 mg TiO2 NPs L-

1, it was found a decrease in the survival of females of C. silvestrii (Figure 1). The quantitation of TiO2 
NPs in the algae showed that cells retained NPs and released low metal concentration in the test 
medium. We concluded that algal cells are an important route of exposure to TiO2 NPs and a factor 
that has an appreciable influence on the expression of NPs toxicity to cladocerans. 
 

 
Figure 1. Average survival percentage of tropical Cladocera Ceriodaphnia silvestrii when exposed to 
the TiO2 NPs. Asterisks (*) represent significant difference in relation to the control (Tukey test, p < 
0.05). 
 
Funding: FAPESP proc. 2016/00753-7 
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CYTOTOXICITY OF NITRIC OXIDE RELEASING POLYMERIC NANOPARTICLES TO TUMOR 
CELL LINES  

 
Milena T. Pelegrino1, Paula Haddad1, Tiago Rodrigues2, Letícia C. Silva2, Carolina M. Watashi2, 
Amedea B. Seabra1,2 (1) Exact and Earth Sciences Departament, Universidade Federal de São Paulo, 
Rua São Nicolau, 210, CEP 09913-030, Diadema, SP, Brazil (2) Center of Natural and Human 
Sciences, Universidade Federal do ABC, Av. dos Estados 5001, CEP 09210-580, Santo André, SP, 
Brazil  
 
Nitric oxide (NO) has been involved in a wide range of biological roles, in particular anti-tumor 
properties. Although several advances have been achieved in cancer treatment, the mortality remains 
high, mainly due to problems associated with relapse and chemo/radioresistance. In this context, there 
is an interesting in the development of new therapeutic agents. Several papers describe the promising 
uses of NO donors in cancer treatment, especially in combination with chemo/radiotherapy sensitizers. 
However, the NO application is limited by its concentration, time and application site. Due the NO 
instability (ca. 0.5 seconds), more stable species are used to carry and delivery NO, for instance, S-
nitrosothiols (RSNOs), which are biological metabolites of NO. In order to enhance the sustained NO 
release, RSNOs have been incorporated into nanomaterials. In this direction, the aim of this study was 
to synthesize, characterize and evaluate the cytotoxicity of NO-releasing chitosan nanoparticles (CS 
NPs) against different tumor cells. Firstly, the thiol-containing molecule, mercaptosuccinic acid (MSA), 
was encapsulated (encapsulation efficiency higher than 98%) in CS NPs. The obtained nanoparticles 
showed an average hydrodynamic size of 47.32 ± 7.47 nm, polydispersity index (PDI) of 0.245 ± 0.001 
and a zeta potential of 20.1 ± 1.1 mV, indicating the stability of CS NPs in aqueous suspension. Free 
thiol groups of MSA-containing CS NPs were nitrosated leading to the formation of S-nitroso-MSA-CS 
NPs, which act as spontaneous NO donor. Kinetics of NO release from the CS NPs revealed a 
spontaneous and sustained release of NO at millimolar range for at least 10 hours under physiological 
temperature. The NO release followed fickian diffusion, better described by Higuchi model equation. 
The cytotoxicity of NO-releasing CS NPs were evaluated in several tumor cells, including human 
hepatocellular carcinoma (HepG2), mouse melanoma (B16F10), human chronic myeloid leukemia 
(K562), Lucena-1, a vincristine-resistant K562 cell line and a non-tumorigenic melanocyte (Melan-A). 
The results showed that CS NPs did not cause toxic effects in these cells, whereas NO-releasing CS 
NPs caused potent cytotoxic effects, in all tested tumor cell lines. Indeed, half-maximal effective 
concentration values were found to be 19.6, 7.3, 22.8 and 27.7 µg·mL-1 for HepG2, B16F10, K562 and 
Lucena-1 cells, respectively. In addition, NO-releasing CS NPs were not significantly cytotoxic to 
Melan-A, a non-tumorigenic melanocyte, suggesting a selective mechanism of toxicity for tumor cells. 
Therefore, the results highlight the potential uses of NO-releasing CS NPs for anti-cancer therapy. 
Acknowledgements: FAPESP, the Brazilian Network on Nanotoxicology (MCTI/CNPq), Newton 
Advanced Fellowship (The Royal Society NA140046). 
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COMPLEX ASSESSMENT OF CYTO-, GENO-, AND EMBRYOTOXICITY OF NANOPARTICLES IN 
EXPERIMENTS IN VITRO  

 
Galina A. Protasova1, Vadim B. Popov1, Lidiya V. Shabasheva1, Ivan V. Strekalovskii1, Yuliya A. 
Panferova1, Nataliia S. Khlebnikova1, and Andrey A. Radilov1, (1) Research Institute of Hygiene, 
Occupational Pathology, and Human Ecology, Build. 93, Kapitolovo Station, Vsevolozhsk District, 
Leningrad Region, 188663 Russian Federation 

 
Express in vitro cyto-, geno-, and embryotoxicity assessment of SiO2 NPs was performed using three 
models: pre- and post-implantation embryos of mice (egg cleavage, blastocyst formation, 1−5 day of 
development) and rats (head fold-neurulation stages, 30 somite pairs, 9.5−11.5 day of development), 
as well as human peripheral blood lymphocyte cultures. Rat embryo cultures were used to reveal the 
embryolethal and teratogenic effects (dismorphogenesis), dynamic morphofunctional disorders, and 
gene expression disorders, caused by SiO2 NPs, and human peripheral blood lymphocyte cultures, to 
reveal their cytotoxic (cytostatic) and genotoxic effects.  
The in vitro experiments were performed with silica nanoparticles 12 nm in size (Sigma−Aldrich). To 
prevent agglomeration, an aqueous suspension of nanoparticles was untrasonicated, after which 
bovine serum albumin was added to a final concentration of 15.0 µg/ml. The nanoparticles were 
introduced into the cultural medium at concentrations of 20, 100, and 200 µg/ml. Dividing mouse 
embryos were cultured from the 2-cell stage in droplets of the medium containing nanoparticles under 
a layer of paraffin oil (20 embryos per droplet) in an N2/O2/CO2 incubator for 72 h. Post-implantation 
rat embryos were cultured with SiO2 NPs (20-200 µg/ml) in an incubator for 48 h from the 2−4 to 30 
somite pair stage.  
Assessment of the expression of genes involved in embryonic neurulation was performed by 
quantitative PCR using RT2 SYBR Green I qPCR primer assay kit (Sabioscience, Qiagen) with 
normalization by the 18S rRNA gene. The markers were genes involved in neurulation in rat embryos: 
bone morphogenetic proteins 2 and 4, sonic hedgehog (ssh), tubby-like protein 3 (ssh inhibitor, 
signaling regulator), and neurogenin-1. Disorders in these gene expression lead to craniofacial 
abnormalities.  
Human peripheral blood lymphocytes were cultured for 72 h under cytokinesis-block conditions (in the 
presence of cytochalasin D), which allowed simultaneous assessment of the cyto- and genotoxicity of 
nanoparticles. Alkaline DNA comet assay was also applied to reveal single- and double-strand break 
DNA damage in lymphocyte nuclei. 
Direct addition of SiO2 NPs at concentrations of 100 and 200 µg/ml into the pre-implantation embryo 
culture led to single embryo deaths and retardation of egg cleavage, the total cell mass was reduced 
against control by a factor of 1.3. Silica nanoparticles at a concentration of 20 µg/ml had no effect of 
the development of dividing embryos. Upon culturing of embryos at an early organogenesis stage in a 
medium containing SiO2  NPs at the same concentrations, no embryolethal effect was observed, but 
the concentration 200 µg/ml caused some structural and dynamic disorders. General retardation of 
embryonic morphogenesis was observed (retarded somitogenesis, reduced craniocaudal size). 
Assessment of gene expression revealed activation of neurogenin-1 expression at the transcription 
level by factors of 6.77 and 5.1 after culturing with SiO2 NPs at concentrations of 100 and 200 µg/ml, 
respectively; the expression levels of other genes associated with neuronal differentiation and neural 
tube formation scarcely changed. The activation of neurogenin-1 is likely to be explained by 
neurulation disturbance. 
The SiO2 NP concentrations of 100 and 200 µg/ml induced no cyto- and genotoxic effects in human 
peripheral blood lymphocyte cultures: the proliferative activity of cells, picnosis and apoptosis rates, 
and micronucleus count did not differ from control. DNA comet assay revealed no essential adverse 
effect of SiO2 NPs in the studied concentrations; however, elevated polynuclear cell count and cell 
proliferation rate were noted. 
Thus, the complex assessment of the effects of SiO2 NPs revealed their embryotoxicity at 
concentrations of 100 and 200 µg/ml at the pre- and post-implantation stages of embryogenesis. SiO2 

NPs at the same concentrations showed weak cytotoxic effects and no genotoxic effects.  
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INTERACTION OF CARBON NANOPARTICLES WITH HUMAN COMPLEMENT 
 
Wai Li Ling1, Agathe Belime2, Edmond Gravel2, Sarah Ancelet1, Charlotte Caneiro1, Christine 
Gaboriaud1, Guy Schoehn1, Eric Doris2, Nicole Thielens1 (1) Institut de Biologie Structurale, CEA, 
CNRS, Grenoble Alpes University, 71, Avenue des Martyrs 38044 Grenoble, France (2) CEA Saclay – 
IBITECS, Service de Chimie Bioorganique et de Marquage  91191 Gif-sur-Yvette, France 
 
 
Biomedical research and developments with nanodiamonds and carbon nanotubes include diagnostic 
and therapeutic applications to be administered internally.  It is thus important to understand the 
human humoral immune response towards these nanoparticles.  Here, we report our studies on the 
interactions of nanodiamonds and carbon nanotubes with our innate immune system, the complement, 
which comprises three principle pathways of activation – the classical pathway, the lectin pathway, 
and the alternative pathway.  Our studies include pristine, carboxylic group terminated, and PEG 
functionalized nanodiamonds and multi-walled carbon nanotubes.  We characterize the nanoparticles 
with thermogravimetric analysis and x-ray photoelectron spectroscopy. Complement activation 
capacities of the nanoparticles through the three pathways are measured using an enzyme 
immunoassay.  In particular, we study the interaction of the nanoparticles with the recognition protein 
C1q of the classical pathway of complement.  Structurally, C1q resembles a bouquet of tulips with a 
collagen stem spreading out into six branches, each ending in a globular domain.  Upon binding to 
specific targets through its globular domains, C1q activates the complement leading to inflammation 
and tissue injury.  On the other hand, this versatile protein is also involved in silent or non-
inflammatory clearing of debris in the body.  We use surface plasmon resonance and dynamic light 
scattering to probe the interaction between the protein and the nanoparticles.  Electron microscopy is 
employed to visualize the interaction.  Our results show that none of the nanodiamonds and carbon 
nanotubes activates the complement through the classical, or the lectin pathway.  All of the 
nanoparticles studied except for the carbon nanotubes fully coated with PEG, bind to the protein C1q 
and its globular domain.  Our findings suggest that these nanodiamonds and carbon nanotubes likely 
do not trigger acute complement-mediated immunotoxicity and their attachment to C1q may contribute 
to their elimination from the body. 
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EVALUATION OF ECOTOXICITY OF METAL OXIDES NANOPARTICLES 
 

Sofía Ricarte González1, Oscar Andreu2, Eva Araque, Carlos Fito (1) ITENE, C/ Albert Einstein, 1, 
46980 Paterna, Spain  
 
 
Currently, there are around nanomaterials a great interest due to their properties and the large number 
of applications they have. Nanomaterials are defined as naturals or manmade materials, which have 
at least one of their dimensions between 1 and 100 nm, while nanoparticles (NPs) include those with 
at least two dimensions between 1 and 100 nm. While research in nanotechnology and nanomaterials 
has come a long way, research on its effects on life and health has not yet reached the same level. In 
this context, the concept of nanotechnology is defined as the study of the adverse effects of 
nanoparticles on organisms, populations, communities and ecosystems. The urgency of these studies 
is driven by the rapid exploitation of known applications for nanotechnology for commercial and 
industrial entities. One of the most nanomaterials currently used are metal oxides. 
The aim of this paper is to evaluate the ecotoxicity in two nanomaterials (ZnO and CuO) in different 
environmental compartments, with the purpose of detecting at what levels, these particles can be 
harmful when they are released to the environment. In turn it has also performed a comparison 
between the nanoparticles, noting that ZnO nanoparticles were more toxic than CuO. 
 

For these bioassay of acute toxicity, were performed in the organisms Daphnia magna, Selenastrum 
capricornutum, Vibrio fischeri and Eisenia fetida. Daphnia magna, a freshwater filter-feeding 
crustacean, is one of the most sensitive organisms used in ecotoxicity experiments. In addition to their 
sensitivity, their representation in the trophic level and its importance in the marine ecosystem are the 
reasons why this species is selected as indicator The trial follows the standard OECD 202 (OECD, 
2004) Young daphnids, aged less than 24 hours at the start of the test, are exposed to the test 
substance at a range of concentrations for a period of 48 hours. Immobilisation is recorded at 24 hours 
and 48 hours and compared with control values.  The evaluation of the acute toxicity in Eisenia fetida 
was performed following the instructions of the OECD 207 guide. Pseudokirchneriella subcapitata is a 
unicellular alga characteristic of lakes, rivers and freshwater ponds. To evaluate the toxicity of the 
materials in a kind of continental algae, was used the test Algaltoxkit FTM (MicroBioTests Inc., Gante, 
Bélgica). The test protocol provided by the manufacturer following the ISO 8692 standard and guide 
OECD 201. To evaluate the toxicity of the materials in a detritivorous bacteria species was chosen 
Vibrio fischeri and was used the kit Toxi-Screening KitTM (MicroBioTests Inc., Gante, Bélgica). The 
test protocol provided by the manufacturer followed the ISO 11348-1 standard. 
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THE WIDE SCOPE STUDY OF THE CELLULAR RESPONSES OF MACROPHAGES TO 
AMORPHOUS SILICA REVEALS NEW CROSS-TOXICITIES 

 
Thierry Rabilloud1, Catherine Aude-Garcia 1, Bastien Dalzon1, Hélène Diemer 3, David Béal2, Jean-Luc 
Ravanat2, Sarah Cianferani3 and Marie Carrière2, (1) Chemistry and Biology of Metals, UMR 
CNRS/CEA/UGA 5249, CEA Grenoble, 17 rue des martyrs, 38054 Grenoble Cedex 9, France  
(2) Laboratoire Lésion des Acides Nucléiques, Univ. Grenoble-Alpes & CEA, DRF/SyMMES/ LAN, 
CEA Grenoble, 17 rue des martyrs, 38054 Grenoble Cedex 9, France (3) BioOrganic Mass 
Spectrometry Laboratory (LSMBO), IPHC, University of Strasbourg, CNRS, UMR7178, 25 rue 
Becquerel, 67087 Strasbourg, France 
 
Amorphous silica is one of the most widely used nanoparticles worldwide, with a production in millions 
of tons per year. Opposite to crystalline silica, which inflammatory toxicity is well documented, 
amorphous silica is considered as very weakly toxic, leading to a wide usage in consumer products, 
including cosmetics and foodstuffs. 
However, amorphous silica exhibits a selective toxicity toward macrophages, and may induce indirect 
toxic effects through the deregulation of this component of the innate immune system.  
 
We therefore studied the effects of a commercial amorphous precipitated silica on a murine 
macrophage cell line, using a combination of proteomic and targeted approaches.  
The results showed that silica modulates the amount of several proteins in the cell, demonstrating 
effects on several biological pathways, such as the cellular organization (cytoskeleton), signaling 
pathways, polyamine biosynthesis, protein turnover, oxidative stress response, and DNA damage 
response. The normal response of macrophages to a bacterial-like stimulus (lipopolysaccharide) was 
also altered in the presence of amorphous silica.  
Validation experiments showed that macrophages treated with amorphous silica become more 
vulnerable to several classes of chemicals, including natural products such as polyamines or 
flavonoids, but also to DNA alkylating agents. Controls made with a non-phagocytic cell type showed 
that these effects correlate with the endocytic capacity of the cells, which may provide a guideline 
regarding the prediction of the indirect toxic effects of amorphous silica to different cell types.  
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WHAT CAN ELECTRONIC CELL-SUBSTRATE IMPEDANCE SENSING (ECIS) TELL US ABOUT 

GOLD NANOPARTICLE TOXICITY 
 

H. van der Walt1 and A. Skepu1, (1) DST/Mintek NIC, Advanced Materials Division, Randburg, South 
Africa 
 
Nanoparticles and nanomaterials as a whole, have grown substantially over the last couple of years 
and focus toward the toxicity of these unexplored materials is becoming a growing concern. Not only 
are these nanomaterials already incorporated in products in our markets, but little protection methods 
are employed for those working with these substances [1]. 
The use of normal colorimetric cytotoxicity assays to determine toxicity, have led to great concern 
regarding the reproducibility and efficacy of the assays, due to the coloured nature of a large number 
of nanomaterials. An exciting development towards analysing the toxicity of these nanoparticles in real 
time, with the use of gold electrodes and the study of impedance, have led to greater clarity, on not 
only the toxicity, but the toxicological profile of the various types of nanomaterials. 
The knowledge to be gained from ECIS is herewith described.  Various sized gold nanoparticles were 
investigated on a number of normal and cancerous cell lines, to elucidate their toxicity and mode of 
toxicity.  Electronic cell-substrate impedance sensing allows for the determination of the type of toxicity 
through the use of reference compounds, with a specific type of toxicity.  Figure 1 illustrates this 
clearly with two compounds tested against normal human muscle (RD) cells; Cytochalasin D, known to 
prevent actin polymerization, essential for cellular attachment and movement and 5-Fluorouracil, 
known to cause DNA damage. 
 

 
 

Figure 1 – ECIS real time toxicity measurements of 2 known toxic compounds in a human muscle (RD) cell line. 

 
References 
[1]. Landsiedel, R.; Ma-Hock, L.; Kroll, A.; Hahn, D.; Schenkenburger, J.; Wiench, K. and Wohlleben 

W., Adv. Mat., 2010, 22, 1-27. 
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TiO2-INDUCED GENE EXPRESSION AND PROTEIN PROFILES IN RAT LUNG: A SUBACUTE 
INHALATION STUDY 

 
Laëtitia Chézeau1, Ramia Safar2, Olivier Joubert2, Frédéric Cosnier1, Stéphane Binet1, Bertrand Rihn2, 
Laurent Gaté1, (1) INRS, 1 rue du Morvan 54500 Vandoeuvre-lès-Nancy (2) Université de Lorraine 
Faculté de Pharmacie 54000 Nancy 
 
 
Due to the growing use of nanoparticles in industrial processes, the number of workers potentially 
exposed is increasing while the toxicological properties of these compounds are not fully known. 
Inhalation represents the main route of occupational exposure. In this respect, the experimental 
toxicology studies conducted by inhalation in animals appear to be the most relevant for the early 
evaluation of the hazard associated with exposure to nanoaerosols. 
In this work we study the pulmonary toxicological properties of titanium dioxide using conventional and 
molecular toxicological approaches. For this, we exposed Fischer 344 rats by nose-only inhalation 6 
hours/day, 5 days/week for 4 weeks to a nanoaerosol of TiO2 (10 mg/m3).  
Lung samples have been collected up to 180 days after the end of exposure. Biochemical and 
cytological analyses of the broncho-alveolar lavage fluid (BALF) showed a strong inflammatory 
response up to 3 days which decreased overtime but persisted 180 days after exposure. In addition, a 
gene expression profiling experiment showed an overexpression of genes involved in inflammation 
that persisted in the chronic phase. These observations are consistent with physiopathological 
changes. Moreover, this experimental approach revealed also an overexpression of genes involved in 
vasodilatation and oxidative stress. This transcriptomics approach has been completed with 
proteomics analysis in the BALF. The preliminary data also showed an overexpression of proteins 
involved in inflammation and oxidative stress.    
To confirm these data, additional experiments will be performed at the protein level using western blot 
or ELISA. Finally, analysis of long-term epigenetic modifications (DNA methylation, acetylation) will be 
performed to observe possible chronic gene expression modification, involved in physio-pathological 
processes. 
 

 
 
 
 
 

Example of protein-protein interaction networks in BALF (STRING database) 3 days after 
exposure to a nanoaerosol of TiO2 
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CARBON NANOTUBES AND METAL NANOPARTICLES DIFFERENTIALLY ALTER LYSOSOMAL 

FUNCTIONS 

 
TCHANKOUO NGUETCHEU S1, RIDOUX A1, BOCZKOWSKI J1, LANONE S1, (1) Inserm U955 
Équipe 4, Faculté de Médecine, Créteil, France 
 
Nanoparticles (NPs) are widely used as components of drugs, cosmetics or food additives and hold 
great promise for nanomedicine. This is accompanied by an increased human exposure, and fears are 
raised regarding the potential toxic effects of such exposure. Once uptaken by cells, NPs are generally 
found inside lysosomes which could participate in their associated toxicity. Despite some recent 
evidence in the literature of an overall alteration of lysosomal functions, as of now, the exact 
interactions of NPs with lysosomes are far from understood. We therefore set-up a study aimed at 
evaluating the effects of macrophage exposure to NPs on lysosomal function and the possible link 
with the modulation of cellular functions.  
We chose 6 NPs differing on physico-chemical characteristics known to modulate NP toxicity: Short 
pristine or functionalized carbon nanotubes (S-CNT and SF-CNT respectively), and metallic (iron, 
manganese, titanium dioxide) or non-metallic (carbon black) spherical NPs. We showed that 
macrophage exposure to NPs induce an increase in the number of lysosomes (increased expression 
of Cathepsins B, vATPase, LIMP), which could be related to the activation of lysosome neosynthesis 
in response to carbon NP, whereas metal NP induce lysosomal accumulation without neosynthesis 
activation (T-FEB expression and nuclear translocation). Exposure to iron NP or CNT lead to a 
transient acidification of lysosomes, whereas the other NP induced a sustained lysosomal 
acidification. The measure of ATP level showed elevated ATP values upon treatments by all 6 NPs, 
suggesting cell adaptation to restore normal pH conditions. Calcium leakage was quantified as an 
index of lysosomal membrane permeability. It showed that all 6 NPs induce damages on membrane 
after 24h, with increasing alteration observed for CNT<carbon NP<metal NP. We have then 
investigated the inflammatory status. Data showed an increase of spink1 anti-protease protein by all 6 
NPs after 6h and 24h of treatment. The increase was more important with metal NPs than carbon 
ones. We also noted a significant increase of Spink3 anti-protease after 24h by all 6 NPs. The serpin 
B2 anti-protease was not induced whatever the NPs. Pro-inflammatory cytokines IL1b and TNFa were 
induced by CNT>carbon black NP, but not by metal NPs. The potential links between lysosomal 
alterations and inflammatory responses are currently under investigation. 
Altogether, our data demonstrate that exposure to NP can induce lysosomal alterations in 
macrophages, and strongly suggest that the chemical nature (carbon versus metal) as well as the 
shape (tube versus spherical) are important determinants of NP effects on lysosomal function. 
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HAZARD ASSESSMENT OF NANOMATERIALS: OUTLINE OF THE GUIDENANO APPROACH  
 
Gemma Janer1, Margriet Park2, Julia Catalan3, Joan Cabellos1, Maria Diez1, Maria Luisa Fernandez-
Cruz4, Natalia Ferraz5, David Hernandez-Moreno4, Juan Jose Izquierdo-Galvez4, Viviana Lopes5, 
Marianne Matzke6, Helene Stockmann-Juvala3, Socorro Vázquez-Campos2, Claus Svendsen6 (1) 
LEITAT Technological Center, Innovació 2, 08225 Terrassa, Spain (2) National Institute for Public 
Health and the Environment, PO box 1 3720BA Bilthoven, The Netherlands (3) Finnish Institute of 
Occupational Health Topeliuksenkatu 41 b FI-00250 Helsinki, Finland (4) Instituto Nacional de 
Investigación y Tecnología Agraria y Alimentaria (INIA), Carretera de la Coruña Km 7.5, Madrid, Spain 
(5) Uppsala University, Dept Engineering Sciences Regementsvägen 1 75237 Uppsala, Sweden (6) 
NERC Centre for Ecology & Hydrology, Maclean Building, Benson Lane Crowmarsh Gifford, OX10 
8BB United Kingdom 
 
Within the EU FP7 project GUIDEnano, a web-based guidance tool is under development with the 
goal to support the user in the evaluation and management of human and environmental health risks 
of nano-enabled products. The GUIDEnano Tool contains different modules focused on the 
description of nanomaterial properties at different life cycle stages, the estimation of release flows to 
different compartments and direct human exposure associated to different type of activities, the 
prediction of environmental fate (transport and transformations), the derivation of hazard value 
thresholds for the exposure relevant materials, and finally risk assessment and risk management.  
The human and environmental hazard thresholds are derived based on information available in the 
databases of the Tool or available to the user, keeping track of the sources of uncertainty introduced 
during the process, and following this tiered approach:  
1) Use of previously derived hazard threshold values (e.g. derived no effect level-DNEL, predicted no 

effect concentration-PNEC). At this tier, uncertainty on the threshold value will be mainly 
associated to degree of similarity between the exposure relevant material and the material for 
which the threshold was derived (e.g., silver nanoparticles of different size and shape). 

2) Where no hazard threshold values exist for sufficiently similar materials, data from individual 
toxicity studies will be considered. These studies will be selected based on criteria related to:  

a) Similarity between the exposure-relevant nanomaterial (NM) and the tested material,  
b) Quality of the study, which combines two parameters: one related the completeness of the 
physical and chemical characterization of the tested material, and another related to the 
reliability of the toxicity study itself (following the principles of the Klimisch score),  
c) Relevance of the study for each given hazard endpoint or compartment (e.g., chronic 
inhalation toxicity or long-term freshwater toxicity). Different scores are assigned to existing 
standard tests for each different endpoint/compartment, and detailed criteria are defined to 
derive relevance scores for studies that do not comply with conventional test guidelines.  

On the basis of the selected studies, the hazard thresholds are derived following the principles 
defined in the ECHA Guidance documents, with some specific considerations for nanomaterials, 
and with additional uncertainty factors associated to some of the criteria considered above (mainly 
dissimilarity and other deviations from gold-standard tests based on the information collected 
during the assessment of relevance).  

3) Where no hazard threshold value and insufficient relevant test information is available for the 
exposure-relevant NM, the tool will suggest conservative default hazard values that will be 
established for general NM categories. 

The fact that the similarity assessment in the GUIDEnano Tool can focus on the exposure relevant 
material (i.e., life cycle- and environmental-associated transformations are estimated in specific 
modules of the tool), offers a privileged framework for the development and testing of different read-
across strategies. But even in these circumstances, the assessment of similarity between two 
materials (the exposure relevant material and a previously evaluated material or a tested material) is 
possibly the most challenging step faced during the hazard assessment process. This is due to: 1) the 
complexity in the possible nanomaterial forms: e.g., different coating/matrix layers, 2) the need to 
define rules and algorithms for each material constituent (i.e., different chemical components of the 
core, industrial and environmental coatings, etc) and property to be considered in order to allow a 
systematic computer-based derivation of a similarity score, 3) the limited sound scientific data 
available to support the definition of boundaries for similarity, and 4) the lack of standardized methods 
for the characterization of some of the physical and chemical properties to be used in the similarity 
algorithms. 
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EFFECTS OF CERIUM OXIDE NANOPARTICLES ON THE RESPIRATORY EPITHELIUM IN VITRO 
 

Mathilde Delaval1, Lan Ma-Hock2, Wendel Wohlleben3, Robert Landsiedel2, Armelle Baeza-Squiban1, 
Sonja Boland1, (1) University Paris Diderot, Sorbonne Paris Cité, Unit of Functional and Adaptive 
Biology (BFA) UMR CNRS 8251, 5 Rue Thomas Mann, 75205 Paris cedex 13, France (2) 
Experimental Toxicology and Ecology Department, BASF SE, 67056 Ludwigshafen, Germany (3) 
BASF SE, Material Physics GMC/R, 67056, Ludwigshafen, Germany 

 
Due to their high catalytic properties, cerium oxide nanoparticles (NPs) are used or in development for 
many applications including use as a diesel fuel additive leading to the emission of CeO2 NPs in the 
air. Therefore, there is a need to assess whether CeO2 NPs could induce adverse pulmonary effects 
and to understand the underlying mechanisms.  
 
The aim of this study was thus to determine in vitro the effects of CeO2 NPs on the respiratory tract in 
comparison to benchmark NPs (Mn2O3 NPs and TiO2 NPs as positive control and BaSO4 NPs as 
negative control particles).  
 
The physico-chemical properties of NP suspensions were thoroughly characterized. To assess the 
role of the oxidative potential of these NPs as mechanism of toxicity, we determined the intrinsic 
oxidative ability of the NPs with various acellular assays (DTT, cytochrome c and antioxidant depletion 
assay). The induction of cell death (LDH and WST-1 assay), pro-inflammatory responses (expression 
and secretion of cytokines) and antioxidant defence (induction of antioxidant enzyme expression) were 
evaluated in human bronchial epithelial cells. The effects of the different NPs were studied using the 
bronchial epithelial cell line NCI-H292 and primary cells (undifferentiated and differentiated into 
mucociliary epithelium). 
 
The acellular tests revealed that only Mn2O3 NPs are highly oxidative whereas CeO2 NPs as well as 
TiO2 and BaSO4 NPs showed no intrinsic oxidative potential. Nevertheless, CeO2 NPs induced cell 
death, pro-inflammatory responses and an antioxidant defence in NCI-H292 and undifferentiated 
primary bronchial epithelial cells after short term exposures (6, 24 and 48 hours). The cellular effects 
were similar to those of TiO2 NPs, higher compared to BaSO4 NPs and low compared to responses 
induced by Mn2O3 NPs. We also performed long term treatments (up to 28 days) of differentiated 
human primary bronchial epithelial cells after unique or repeated exposures to CeO2 NPs. The 
particles induced no cytotoxicity on differentiated primary cultures but a late pro-inflammatory 
response. 
 
We acknowledge the facility "Métabolisme" of UMR 8251 CNRS, the French Environment and Energy 
Management Agency (ADEME) and BASF SE for financial support 
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ALIGNING NANOTOXICOLOGY WITH THE 3RS: WHAT IS NEEDED TO REALISE THE SHORT, 
MEDIUM AND LONG-TERM OPPORTUNITIES? 

 
Karin Aschberger1, Natalie Burden2, Qasim Chaudhry3, Martin J.D. Clift4, Shareen H. Doak4, Paul 
Fowler5, Helinor Johnston6, Robert Landsiedel7, Joanna Rowland8, and Vicki Stone6. 
(1) JRC-F3, EURL ECVAM, Via Fermi 2749, 21027 Ispra, Italy (2) NC3Rs, Gibbs Building, 215 Euston 
Road, London NW1 2BE, UK (3) Institute of Food Science and Innovation, University of Chester, 
Parkgate Road, Chester CH1 4BJ, UK (4)  Institute of Life Science/Centre for NanoHealth, Swansea 
University School of Medicine, Wales SA2 8PP, UK (5) Safety & Environmental Assurance Centre 
(SEAC) Colworth, Unilever, Colworth Science Park, Sharnbrook, Bedford MK44 1LQ, UK (6) School of 
Life Sciences, Heriot-Watt University, Edinburgh EH14 4AS, UK (7)  BASF SE, GB/TB - Z470, 67056 
Ludwigshafen, Germany (8) National Centre for Environmental Toxicology, WRc plc, Frankland Rd, 
Swindon SN5 8YF, UK 
 
There has been a considerable rise in the development and production of nanomaterials in the last 
decade across a vast array of differing applications. Nanomaterials pose numerous advantages over 
their bulk chemical counterparts however concerns over the health implications of human and 
environmental exposure have also been raised. There will be direct exposure of humans and the 
environment to some of the nanomaterials being marketed. It is therefore crucial that concerted, 
science-led efforts are made to understand the effects of exposure to nanomaterials and ensure that 
protection goals are met. 
There is increasing discussion as how it may be best to assess the safety of nanomaterials, 
particularly considering the large number of nanomaterials that may need to be tested in order to meet 
regulatory requirements. Traditional animal toxicity tests continue to be relied upon to inform 
nanomaterial safety assessment and many long-term animal toxicity studies could be required, 
demanding vast numbers of animals and resources. This approach is not practical, and thus scientific, 
business, ethical and legislative drivers exist to reconsider and re-evaluate the use of animal toxicity 
tests for this purpose, in particular due to recent geographical bans on the testing of cosmetics in 
animals and marketing of animal-tested products.  
Utilising non-traditional methods has the potential to improve the human relevance of nanosafety 
assessment, reduce the numbers of animals that are used, and shift the paradigm to a ‘21st century’ 
approach that exploits recent scientific and technological advances.  
An expert Working Group of European regulators, academics and industry scientists was brought 
together by the UK’s National Centre for the Replacement, Refinement and Reduction of Animals in 
Research (NC3Rs) to discuss i) the opportunities being offered in the short, medium and long term to 
advance the science underlying nanotoxicology, whilst reducing the reliance on animal models and 
shifting the focus towards exposure-driven assessments, and ii) aligning these advances with the key 
objectives that must be achieved to realise the ultimate goal of maximising the application of the 3Rs.  
This presentation considers how application of the 3Rs principles can be used to provide the 
fundamental framework as a support and guidance in the progressive paradigm shift in the short, 
medium and long-term towards alternative models to animal testing strategies.  
 

 
 

Burden et. Al.; Nanotoday (doi:10.1016/j.nantod.2016.06.007; online) 
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EVALUATION OF THE POTENTIAL HEALTH RISK OF SILVER NANOWIRES VIA DERMAL 
EXPOSURE 

 
Sylvia G.Lehmann1, Benjamin Gilbert2, Thierry Maffeis3, Walid Rachidi4, Michel Seve5, Laurent 
Charlet1. (1) Univ. Grenoble Alpes, ISTerre, CS 40700, 38058 GRENOBLE Cedex 9, Fance 
(2) Lawrence Berkeley National Laboratory, MS 74C316R, 1 Cyclotron Road, Berkeley, CA 94720, 
USA (3) College of Engineering, University of Wales Swansea, Singleton Park, SA2 8PP, Swansea, 
UK (4) UGA, CEA Grenoble, 17, rue des martyrs 38000 Grenoble, France (5) Plateforme Prométhée, 
UGA, CHU, IBP, CS 10217, 38043 Grenoble Cedex 9, France 
 
Nanowires (NW) are an emerging class of nanomaterials, which differ from the well-studied round 
nanoparticles by their elongated needle like shape. Silver nanowires (Ag NWs) have a particularly 
large range of anticipated nanotechnology applications because of their intriguing optical, conductive, 
antimicrobial, chemical and thermal properties. Examples of technological systems enabled by Ag 
NWs include flexible electronic devices including touchscreen displays, biomedical diagnosis and 
intelligent fabrics.  
However, despite numerous studies of the environmental and human health impacts of silver 
nanoparticles, there are currently very few studies of the potential hazards of silver nanowires and 
they concern mainly the respiratory route of exposure. It is likely that many Ag NW-enabled 
technologies will be in contact with human skin but to date the potential impact of such exposure has 
not been assessed. To address this knowledge gap, we have performed Ag NW uptake and 
cytotoxicity studies on human primary keratinocytes and reconstructed epidermis. 
Briefly, we studied Ag NWs of two length coated with PVP. Primary keratinocytes were obtained from 
normal skin biopsies and were exposed to a range of concentration of Ag NW and AgNO3 as a 
positive control for silver ion toxicity. Cytotoxicity was investigated by MTT and Neutral Red uptake 
assays. Penetration of Ag NW in cells was investigated by SEM and confocal microscopy. Data 
obtained showed a moderate toxicity of Ag NW, which was lower than silver ion but not due to silver 
ion release in the medium. Ag NW were efficiently internalized by cells and found to be persistent. 
Monolayer cultures of cells do not fully represent the real (3D) architecture of skin. To overcome these 
limitations and to be closer to physiological conditions, we used reconstructed human epidermis 
(epiCS, CellSystems) that were exposed to Ag NW. Cytotoxicity was assessed by MTT assay and skin 
was embedded in epoxy resin and section were performed and analyzed by TEM. No cytotoxicity was 
observed even after 72h of exposure and penetration inside the epidermis was not observed.   
 These original data strongly suggest an uptake and moderate toxicity of Ag NW in keratinocytes but 
efficient protection of the stratum corneum in 3D epidermis against Ag NW exposure. But several 
parameters have been shown to promote nanomaterial penetration into viable skin (flexion, chemical 
and physical damages) that would need to be further investigated in the case of Ag NW skin toxicity 
and penetration. 
 
This work has been carried out in the framework of the Labex SERENADE (ANR-11-LABX-0064) and 
of the A*MIDEX project (ANR-11-IDEX-0001-02), funded by the «Investissements d’Avenir» French 
Government program managed by the French National Research Agency (ANR). 
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POLARIZATION OF PHORBOL MYRISTATE ACETATE-INDUCED THP-1 MACROPHAGES 
FOLLOWING EXPOSURE TO SILVER NANOPARTICLES ALONE OR IN COMBINATION WITH 

ALUMINUM CHLORIDE, BUTYLPARABEN OR DIBUTYLPHTHALATE 
 
J. Roszak1, K. Domeradzka-Gajda1, A. Smok-Pieniążek1, J. Grobelny2, E. Tomaszewska2,  
G. Celichowski2, M. Cieślak3, D. Puchowicz3, M. Stępnik1 (1) Department of Toxicology and 
Carcinogenesis, Nofer Institute of Occupational Medicine, 8 Teresy St., Łódź, Poland (2) Department 
of Materials Technology and Chemistry, University of Łódź, ul. Pomorska 163, Łódź, Poland (3) 
Scientific Department of Unconventional Technologies and Textiles, Textile Research Institute, ul. 
Gdańska 118, Łódź, Poland 
 
 
Silver nanoparticles (AgNPs) are often used as cosmetic preservatives, also in antiperspirants. 
However, there is insufficient data on their interference with other cosmetic ingredients/impurities such 
as aluminum chloride (AlCl3), butylparaben (BPB) and dibutylphthalate (DBPH). Some in vitro and in 
vivo studies have demonstrated adverse effects of AgNPs, e.g. DNA damage following their 
accumulation in tissues, but little is known whether they may polarize macrophages to M1 or M2 
subpopulation. The aim of this study was to assess the effect of AgNPs alone and in combination with 
the above mentioned chemicals on macrophage M1/M2 polarization. 
 
Physico-chemical characterization of two different in size citrate stabilized AgNPs was performed 
using STEM (AgNP15: 15±3 nm and AgNP45: 45±10 nm) and DLS (AgNP15: 19±4 nm and AgNP45: 
58±10). PMA-differentiated-THP-1 macrophages (M0) were stimulated with 100 ng/ml LPS + 20 ng/ml 
IFN-γ or 20 ng/ml IL-4 (polarization into M1 or M2, respectively) or exposed to AgNPs (20 µg/ml) alone 
or in combinations with AlCl3 (250 µM), BPB (200 µM) or DBPh (35 µM). All test chemicals were used 
in the highest non-cytotoxic concentrations, as was determined in MTT test. 
The polarizing ability of test chemicals on M0 THP-1 macrophages was analyzed using expression of 
well-known M1 marker genes (IL1B, CXCL9 and TNF) and M2 marker genes (DCSING and MRC1). 
The cells were exposed to test chemicals for 6 or 24 h (for M1 or M2 gene markers, respectively) 
before isolation of RNA and real-time qPCR analysis. 
 
M0 THP-1 macrophages stimulated with LPS/IFN-γ strongly expressed M1 marker genes (IL1B, 
CXCL9 and TNF; 300-, 620- and 470-fold increase, respectively) after 6 h. No changes in expression 
of CXCL9 were observed in M2 cells following 6-h stimulation with LPS/IFN-γ. Whereas, expression of 
IL1B and/or TNF (two of selected M1 gene markers) in M2 cells was only slightly up-regulated, i.e. 2- 
or 3-fold as compared to negative control (M0 cells) after 6 h. Following 6-h exposure of M0 THP-1 
cells to AgNPs (but only in combination with AlCl3, BPB or DBPh) a similar to M2 cells pattern of 
response was observed, i.e. slightly up-regulated expression of IL1B and/or TNF (2-3-fold). AgNPs 
and test chemicals, when tested separately, did not change expression of the genes. No significant 
changes in CXCL9 expression were observed in the cells following 6-h stimulation with any of test 
chemicals. 
M0 cells stimulated with IL-4 showed strong up-regulation of M2 marker genes (DCSIGN and MRC1; 
12- and 5-fold increase, respectively). No changes in expression of the genes were observed following 
the exposure of M0 cells to known M1 stimulants after 24 h. The AgNPs or test chemicals (both alone 
and in combination) did not change expression of DCSING and MRC1 in M0 cells after 24 h.  
 
Our results indicate that the AgNPs alone or in combination with the test chemicals have no effect on 
polarization of M0 THP-1 macrophages towards M1/M2. 
 
Funded by the Polish National Science Centre (grant 2012/07/B/NZ7/04197). In this study the 
apparatus purchased in POIG.01.03.01-00-004/08 project were used.  
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NANOCELLULOSE AND HEALTH: STATE OF THE ART 
 
Cécile Sillard1, Julien Bras1, (1) Laboratory of Pulp and Paper Science and Graphic Arts – LGP2 UMR 
5518 / CNRS – Grenoble INP – Agefpi, France 
 
 
Nancocelulose is biodegardable and biosourced material, and has shown potential properties in a 
wide range of applications (composite, paper, packaging… ;)   
Obtained from cellulose by mechanical treatment, or by chemical treatment, two big families of 
nanocelluose are nanofibers (NFC) and nanocrystals (CNC). 
Since 2010 the production of these materials has been up scaled, with some companies producing 
tons per year and commercializing them. 
Now we have to learn and understand the effect or non-effect of nanocelulose on health, and this has 
become urgent. 
Even if NFC and CNC are cellulose, they are still nanoparticles, and handling these materials by 
workers and consumers could impact human health, as well as the environment.  
In this study we reviewed the current literature on toxicity and genotoxicity of CNF and CNC. One of 
results is the poor quality of studies due to the lack of knowledge of those materials by the biological 
scientific community; the second result is the difficulties to make general conclusions because of 
variability of the materials.  
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TOXICITY RANKING OF NANOMATERIALS BASED ON TWO DIFFERENT IN VITRO HUMAN 
CYTOTOXICITY ASSAYS 

 
Elise Rundén-Pran1, Naouale El Yamani1, Lise Marie Fjellsbø1, Maria Dusinska1, (1) NILU- Norwegian 
Institute for Air Research, Department of environmental chemistry, Health Effects Laboratory, Kjeller, 
Norway 

 
It is important to develop alternative strategies to test for potential human toxicity in view of the 3R´s - 
to refine, reduce and replace animal studies. For safe applications of nanomaterials, it is essential to 
standardize and validate in vitro toxicity tests. The methods should be time- and cost effective, and 
preferably have a high-throughput nature. Testing for nanomaterial toxicity is not straightforward: their 
physico-chemical properties make them very reactive, they tend to agglomerate, and they may 
interfere with the test system.  
 
Our aim was to compare two different in vitro cytotoxicity test methods with different readout systems 
on the same human lung epithelial cell line, A549, and to test and rank a battery of nanomaterials for 
potential cytotoxicity. Additionally we assessed how physico-chemical properties influence toxicity, by 
testing nanoparticles with different size or shape.  The alamarBlue (AB) assay is a colorimetric assay 
for metabolic activity applied to the whole cell population, while colony forming efficiency (CFE) 
measures the ability of single cells to survive and form colonies. 
We assessed the cytotoxicity of a range of different types of nanoparticles: Ag, TiO2, SiO2, ZnO, 
BaSO4, CeO2 and carbon nanotubes. For Ag, TiO2 and SiO2 different sizes or shapes were also tested 
to see how these properties influence toxicity. Physico-chemical characterization (size, size 
distribution and stability) was performed with NanoSight. 
 
Our results show that toxicity was dependent upon type of nanomaterial as well as size and shape. 
Not all tested nanoparticles were found to be cytotoxic. Both of the methods we applied have clear 
advantages; however, our data indicate that the CFE assay might be more sensitive and less prone to 
interference compared to the AB assay. Additionally, the CFE assay measures two endpoints, cell 
survival and cytostatic effect. Our results show that both assays are able to detect cytotoxic effects of 
nanoparticles and can be used for determination of LC50. Additionally, the validation of the chronic 
exposure approach with single cells shows that this version of the CFE assay is efficient and reliable 
for assessment of toxicity of nanoparticles.  
 
Supported by NANoREG (EC FP7, 310584) and NorNANoREG (Norwegian Research Council, 
239199/070).  
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HIGH THROUGHPUT COMET ASSAY: APPLICATIONS IN GENOTOXICITY TESTING OF 
NANOMATERIALS 

 
Naouale El Yamani1, Andrew R. Collins2, Elise Rundén-Pran1, Lise Marie Fjellsbø1, Sergey 
Shaposhnikov2, Maria Dusinska1, (1) NILU- Norwegian Institute for Air Research, Department of 
environmental chemistry, Health Effects Laboratory, Kjeller, Norway (2) NorGenotech AS, and 
Department of Nutrition, University of Oslo, Norway 
 
 
There is a mismatch between the speed with which new nanomaterials (NMs) appear on the market 
and the current low-throughput, time-consuming and laborious methods for evaluating their toxicity. 
The comet assay is widely used in genotoxicity testing for measuring DNA damage and it is the most 
used method to test genotoxicity of engineered NMs. A serious practical limitation on its usefulness 
has been the number of samples that can be run in one experiment. High throughput versions of the 
assay have been developed to overcome this. We now routinely run 12 mini-gels on one slide, or use 
a 12x8 array format on a GelBond film. As well as DNA strand breaks, we measure oxidised purines 
(using formamidopyrimidine DNA glycosylase to convert them to breaks).  
We have investigated the effects of more than 50 engineered NMs, both metallic as well as polymeric, 
on cultured human lymphoblastoid TK6 and lung epithelial A549 cells exposed for 3 or 24 h.  
Experiments were coupled with extensive characterisation in stock solution and in culture medium 
before and after the exposure.  A different behaviours and effect were obtained. For example, titanium 
dioxide NM100 nanoparticles showed a pronounced concentration-dependent increase in FPG-
sensitive sites after 3h, indicating the presence of ‘secondary’ damage resulting from NM-induced 
oxidative stress. By 24h, the same behaviour was observed but the overall effect decreased compared 
to short term exposure. Comparison between A549 and TK6 cell lines revealed that effect of TiO2-
NM100 on DNA damage, both strand breaks as well as oxidised bases were less pronounced in TK6 
at both exposure times. In the case of zinc oxide NM110, a potent oxidant, DNA damage was induced 
after short exposure in a concentration-dependent manner with a constant addition of oxidised bases 
up to 3 µg/cm2. At the highest concentration of 10 µg/cm2, the assay is saturated by the strand breaks 
and additional FPG-sensitive sites couldn’t be accurately estimated. This confirms also that Zinc oxide 
could be used as good positive control when investigating cytotoxicity and genotoxicity of NMs. 
Responses are varied, but in all cases damage - strand breaks, oxidised bases or both – are seen. In 
some cases, damage decreases during the 24 h incubation while in others damage is higher at the 
later time. Also, a small increase in concentration can have profound effects in terms of genotoxicity. 
Generally, but not always, the response is concentration-dependent. Our results also show that NMs 
of the same chemical composition are not equally harmful and their possible impact on cells depends 
on their size, shape, charge and surface chemistry. The use of a high throughput version of the comet 
assay to measure DNA damage increases robustness and reduces experimental variation. 
 
 
Supported by the by EC FP7 NanoTEST [Health-2007-1.3-4: 201335], EC FP7 QualityNano [INFRA-
2010-1.131], NANoREG (EC FP7, 310584), NorNANoREG (Norwegian Research Council, 
239199/070). 
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THE REACTIVE OXIDATIVE POTENTIAL OF PM ASSOCIATED WITH SOURCES AND ITS 
IMPACT ON HUMAN HEALTH 

 
Dimosthenis Α. Sarigiannis1,2, Spyros P. Karakitsios1, Marianthi V. Kermenidou1, (1) Aristotle 
University of Thessaloniki, Department of Chemical Engineering, Environmental Engineering 
Laboratory, 54124, Thessaloniki, Greece (2) Environmental Health Engineering, Institute of Advanced 
Study, Palazzo del Broletto - Piazza della Vittoria 15, Pavia 27100, Italy 
 
The aim of the study is to relate the environmental information (PM oxidative potential) to human 
health. Human health begins to be influenced when PMx enter human body, depositing across 
different regions of human respiratory tract. In addition, particulate matter is able to generate reactive 
oxygen species (ROS), because it contains redox active compounds (organic constituents, metals, 
levoglucosan) depending on its sources. Measurements were carried out in the urban area of 
Thessaloniki (including monitors set near highly trafficked roads and in the urban background) to 
determine the chemical composition of urban aerosols and correlate their toxicity with the respective 
sources. The Dithiothreitol (DTT) assay was used to estimate the oxidative potential of each filter 
sample. Chemical analysis showed that the oxidative potential of PM is not correlated to its mass. On 
the contrary, a strong correlation between chemical composition and oxidative capacity of PM exists. 
Positive matrix factorization (PMF) was applied to apportion the ROS-generation potential of chemical 
species adsorbed in PM1 and PM2.5 to the relative contribution of various sources. Ambient air data 
showed a high concentration of PMX during the sampling period. While the contribution of traffic is 
reduced (a phenomenon that has been observed over the last 4-5 years in all cities influenced by the 
incumbent financial crisis), during the sampling period the contribution of biomass burning for space 
heating increased up to 34%. At the traffic site Fe, Cu, Zn had higher concentrations than in the 
background site. On the contrary, K and levoglucosan, which are used as biomass tracers, had higher 
concentrations in the background site during the cold period, indicating the presence of another strong 
combustion source beyond traffic, namely the use of biomass burning for space heating. A particle 
deposition model was used to estimate the deposition of particles across the human respiratory tract 
(HRT). Based on these results, a specific oxidative stress index (SOS) for each respiratory tract region 
was calculated as the product of the mass of different size-fractioned PM, multiplied by the oxidative 
potential of the specific size fraction that is deposited at the specific HRT region. This calculation forms 
a new exposure metric, called Specific Oxidative Stress index (SOS), which refers to the oxidative 
stress associated to a specific HRT region. It is noteworthy that fine and ultrafine PM at the urban 
background site had both higher concentration and higher oxidative potential than PM related to traffic. 
Exposure to fine and ultrafine PM for residents living close to the urban background station was 
almost 50% higher than for the ones living close to urban traffic; yet, the SOS index was up to 4 times 
higher due to (a) higher oxidative potential (per PM unit mass) of smaller PM, which is mainly emitted 
from burning biomass; and (b) the higher deposition fraction of smaller PM retained at the lower HRT. 
The use of the SOS index across different regions of the human respiratory tract is promising for 
environment and health studies, as it takes efficiently into account the PM size distribution that affects 
the deposition rate across HRT and PM toxicity. Significantly improved associations are expected for 
cardiovascular diseases and exposure to PM through the use of the SOS index. In this case, a lower 
PM translocation through systemic circulation is better taken into account rather than just using 
ambient air PM as an index. To conclude, the introduction of the SOS index in environment and health 
studies of urban particles would lead to significantly enhanced and more meaningful associations 
between exposure to PM and potential adverse health outcomes. 
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NANOENCAPSULATION OF THE HERBICIDE ATRAZINE: A SAFER ALTERNATIVE FOR WEED 
CONTROL? 

 
Monique Culturato Padilha Mendonça1, Maria Alice da Cruz-Höfling1, Leonardo Fernades Fraceto2, 
Marcelo Bispo de Jesus1 (1) Department of Biochemistry and Tissue Biology, Institute of Biology, 
University of Campinas (UNICAMP), Campinas, SP, Brazil. Rua Monteiro Lobato, 255, 13083-970, 
Campinas - SP, Brazil (2) Departament of Environmental Engineering, Universidade Estadual Paulista 
“Júlio de Mesquita Filho” (UNESP), Campus Sorocaba. Avenida três de março, 511, 18087-180, 
Sorocaba - SP, Brazil 
 
 
Atrazine (ATZ) is one of the most widely used herbicides in the United States and Australian 
agriculture applied in the pre- and post-emergence control of broadleaf and grassy weeds. ATZ was 
banned from the European Union in 2004 because of ubiquitous and unpreventable water 
contamination. Aiming to minimize the contamination of natural resources by ATZ, we have developed 
a carrier system based on nanocapsules of poly(epsilon-caprolactone) (PCL), a biodegradable 
aliphatic polyester. PCL nanocapsules demonstrated high-efficiency encapsulation of ATZ, as well as 
high colloidal stability and a prolonged release profile of the herbicide. Compared to free herbicide, 
PCL-ATZ required 10-fold lower dosage of ATZ to perform the same biological activity in target plants. 
Genotoxicity (using Allium cepa), cytogenetic (using human lymphocyte cells), and ecotoxicological 
tests (using the green algae Pseudokirchneriella subcapitata) indicated a reduced toxicity of PCL-ATZ 
toward non-target organisms. Although PCL-ATZ showed promising results to be a new nano-
herbicide, the authorization for new pesticide commercialization requires data of potential adverse 
effects of the active substances on human health. U.S. Environmental Protection Agency estimates 
the toxicity or hazard of a pesticide by evaluating the blood and numerous organs from mammals 
eating these products in short-to-long-term tests. The present study was designed to investigate the 
acute toxicological profile of PCL-ATZ. Single oral dose of 100 mg/kg of 0.9% saline (control), free 
herbicide (commercial ATZ formulation Gesaprim 500 CG), PCL and PCL-ATZ (1 mg/ml) 
were administered by gavage to six-week-old female Wistar rats (Rattus norvegicus) (n=6/group). An 
additional group of animals (sham group) received only the gavage procedure (CEUA 4207-1). We 
also performed a histological examination of hematoxylin-eosin stained sections of liver, kidney, 
spleen, lung, heart, and brain 48 h after treatment. The hematological parameters (hemoglobin, 
hematocrit, platelet counts, red blood cell, and white blood cell counts) and serum levels of aspartate 
and alanine aminotransferase, blood urea nitrogen, creatinine, sodium and potassium were not 
statistically different among the groups sham, control, commercial ATZ, PCL and PCL-ATZ and were 
within the reference range. No histopathological changes were observed in all groups. Although the 
acute exposure of rats to PCL-ATZ gave a negative toxicity profile in the tests conducted, evidences 
that ATZ could act as an endocrine disruptor affecting development and reproduction in a wide 

range of species requires further investigation. Thus, an extensive screening study is being 

conducted to assess the safety profile of the PCL-ATZ in the development and normal 
functioning of the reproductive system of male and female Wistar rats. 
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THE EFFECT OF SILVER NANOWIRE DIAMETER ON CYTOXICITY TO HUMAN FIBROBLASTS 
 
Muriel Viau1,2, Djadidi Toybou3, Sylvia Lehmann2, Jean-Pierre Simonato3, Caroline Celle3, Benjamin 
Gilbert4, Laurent Charlet2, (1) Université Aix-Marseille, CEREGE, avenue L. Philibert, Aix-en-provence, 
France (2) Université Grenoble Alpes, ISTerre, 1381 rue de la piscine, Gières, France (3) CEA – 
Grenoble, 17 rue des martyrs, Grenoble, France (4) Lawrence Berkeley National Laboratory, Energy 
Geosciences Division, 1 Cyclotron road, Berkeley, US 
 
Silver nanowires (Ag-NW) are now used in commercial touchscreen displays due to their high 
conductivity and optical transparency along the whole visible spectrum [1]. Ag-NW have a potential for 
fiber-like toxicity but the rapid adoption of Ag-NW technology is outpacing assessment of their 
potential human or environmental toxicity. Our collaboration between materials scientists, 
environmental and biologists is seeking to establish a safer design for Ag-NW that preserves crucial 
technical characteristics.  
 
The few studies on Ag-NW toxicity show that Ag-NW can be toxic to cells and organisms through 
several mechanisms that are influenced by NW dimensions and biological fate. NW length strongly 
affects toxicity on human cells through internalization, inflammation or frustrated endocytosis [2;3].  
Genotoxicity studies of Ag nanoparticles have shown DNA and chromosomal damage induction in 
different cell types [4-9]. However, the links between Ag-NW fate and genotoxicity have not been 
established. Alteration of Ag-NW were observed in lysosomes, and Ag-nanoparticles are reactive with 
respect to dissolution, thiol binding or photochemistry [10]. These processes could release Ag+ ions 
that could reach the nucleus, forming stable and damaging complexes with DNA. Small silver 
nanoparticles may enter the nucleus and cause DNA damage [5], but Ag-NW are too large to traverse 
nuclear pores, which exclude particles over 9-10 nm. 
 
We are studying on the uptake, cytotoxicity and genotoxicity induced by Ag-NW with different 
diameters because we hypothesize this is a key variable affecting internalization. We have previously 
shown that Ag-NW are readily internalized through at least one active uptake mechanism leading to 
toxicity in fish, rat and human cell lines [11,12]. Optical and electron microscopy showed that the forces 
accompanying internalization can break thinner Ag-NW, facilitating degradation within cells. We seek 
to combine nano-X-ray fluorescence at ESRF with laboratory studies of cytotoxicity and genotoxicity to 
understand the links between Ag-NW diameter, cellular internalization, and silver speciation that 
determine their impact on human primary fibroblasts. 
 
This work will provide new knowledge concerning the fate of Ag-NW within human cells and the 
potential for DNA damage through silver ion release. In addition, this study will enable the design of 
lower toxicity Ag-NW that are either less likely to be internalized by cells or that are less susceptible to 
Ag+ release. Because Ag-NW are increasingly incorporated into touchscreens, windows, solar panels, 
heating elements and possibly textiles and clothing, this work could have a broad impact on consumer 
health. 
 
1. Garland, A (2014). Displays Focus. Nanotech Magazine, 12-15 
2. Schinwald A & Donaldson K (2012) Part. Fibre Toxicol. 9:34. 
3. Schinwald A et al. (2012) Part. Fibre Toxicol. 128 :461. 
4.Ahamed M et al. (2008) Toxicol. Appl. Pharmacol. 233:404. 
5.Asharani P et al. (2009) ACS Nano. 3:2. 
6.Kawata K et al. (2009) Environ. Sci. Technol. 43 :6046. 
7.Li, Y et al. (2012) Mutation Research. 745 :4.  
8. Nymark P et al. (2013) Toxicology 313 :38. 
9. Xu L et al.( 2012) J. Nanobiotechnol. 10 :16. 
10.Liu J et al. (2012). ACS Nano 6 :11. 
11. Tagmount A, Gilbert B, Vulpe C et al. In preparation. 
12. Lehman S, Gilbert B, Charlet L et al. In preparation. 
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WHOLE GENOME EPIGENETIC AND TRANSCRIPTIONAL EFFECTS OF EXPOSING HUMAN 
BRONCHIAL EPITHELIAL CELLS TO SINGLE- AND MULTI-WALL CARBON NANOTUBES 

 
 
Peter Hoet1, Deniz Öner1, Matthieu Moisse2,3, Manosij Ghosh1, Radu C. Duca4, Katrien Poels4, Bram 
Boeckx2,3, Katrien Luyts1, Eveline Putzeys1,5, Jeroen Vanoirbeek1,4, Diether Lambrechts2,3, Lode 
Godderis1,6, (1) KU Leuven, Department of Public Health and Primary Care, Unit of Environment and 
Health, Laboratory of Toxicology, 3000 Leuven, Belgium (2) KU Leuven, Department of Oncology, 
Laboratory of Translational Genetics, 3000, Leuven, Belgium (3) Vesalius Research Center, VIB, 
3000, Leuven, Belgium (4) KU Leuven, Department of Public Health and Primary Care, Unit of 
Environment and Health, Laboratory for Occupational and Environmental Hygiene, 3000 Leuven, 
Belgium (5) KU Leuven, Department of Oral Health Sciences, Unit of Biomaterials (BIOMAT), Belgium 
(6) Idewe, External Service for Prevention and Protection at Work, B-3001, Leuven, Belgium 

 
Occupational and environmental inhalation of carbon nanotubes (CNTs) may alter epigenetics, leqding 
to drastic health effects. DNA methylation, the most studied epigenetic mark, might alter gene 
expression without changing the DNA sequence. 
Here, we have studied epigenetic toxicity of two different types of CNTs, multi-wall carbon nanotubes 
(MWCNTs) and single-wall carbon nanotubes (SWCNTs) in non-cytotoxic and low genotoxic doses, 
exposed on human bronchial epithelial cells (16HBE) for 24 h. LC-MS/MS method was used to assess 
global methylation profiles. Illumina 450K and RNA-seq microarrays were used to identify CpG and 
gene promoter specific DNA methylation- gene expression changes. After functional gene ontology 
(GO) and KEGG enrichment analysis were performed. 
No global methylation and hydroxymethylation alteration was observed. However, exposure to both 
MWCNTs and SWCNTs induced gene specific epigenetic changes. Since epigenetic toxicity might 
depend of the physicochemical properties of the given nanomaterial, effects of both CNTs were 
compared. 
Following to MWCNT treatment 2398 genes were differentially methylated (false discovery rate [FDR] 
adjusted p < 0.05) at their gene promoter regions as compared with non-exposed samples. Following 
to SWCNT induced both hypermethylation and hypomethylation were observed at gene promoter 
regions and CpG sites in total 505 genes. Validation with RNA-seq revealed immune and cancer 
related pathways and possible CNT-exposure biomarker genes. 
Our analyses show a new insight on epigenetic toxicity of CNT, by taking into different 
physicochemical properties of MWCNT and SWCNT, proposing possible epigenetic biomarker genes. 
 
Sponsor: Stichting tegen Kanker (Foundation against Cancer, Agreement N° 2012-218, Project N° 
3M150270) 
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ERBIUM AND DYSPROSIUM NANOPARTICLES AND THEIR IMPACTS TO THE PRODUCTION 
OF ENZYMES WITH WHITE-ROT FUNGUS CERRENA UNICOLOR 

Mika A. Kähkönen1, Anu Kinnunen1, Annele Hatakka1, (1) University of Helsinki, Department of Food 
and Environmental Sciences/ Microbiology and Biotechnology Division, Biocenter, FIN-00140 Helsinki 
University, Finland - mika.kahkonen@helsinki.fi 

  
Nanoscience and technology has produced various new materials which exhibit improved properties 
developed into nanotechnology products. Rare earth metal erbium (Er) and dysprosium (Dy) have 
been used in laser products, electronics industry and sensing instruments. At the end of life cycle 
nanomaterial from products can be released and distributed into the environment. Wood, litter and soil 
colonizing basidiomycetous fungi produce non-specific oxidative extracellular ligninolytic enzymes, 
laccases and peroxidases, which are essential in biodegradation of manmade xenobiotic compounds 
and lignin containing plant detritus. Our aim was to find out impacts of nano-Er, nano-Dy, Er, Dy, as 
well was Er and Dy salt to the oxidative ligninolytic enzyme production and degradation of azo violet 
textile dye by the white rot fungus Cerrena unicolor. Decolorization of studied recalcitrant textile dye 
can be seen as indicator for the functionality of litter and wood decomposing fungi.  
Cerrena unicolor grew in the presence of all tested metals in low nutrient nitrogen liquid medium in 
flasks  (100 ml) with shaking with Er2O3, nanoparticle Er2O3, Dy2O3, nanoparticle Dy2O3,(0 – 200 mg/ 
l) as well as ErCl3  and DyCl3 (50 mg/ l). C. unicolor produced laccases in the presence of nano-
erbium, erbium, erbium salt, nano-dysprosium, dysprosium, and dysprosium salt in liquid cultivation 
Laccase activity was three times higher in the lowest (5 mg Dy/l) and middle nano-dysprosium (50 mg/ 
l) concentration than those in the highest concentration (200 mg Dy/l) at the day of 26. This indicates 
that nano-dysprosium (200 mg Dy/ l) was harmful to the production of laccase with C. unicolor. Similar 
reduction was not seen with dysprosium C. unicolor laccase production was higher in the lowest (5 
mg/ l) and middle (50 mg/l) nano-Er concentration than those in the highest nano-Er (200 mg Er/l) 
concentration indicating that nano-erbium (200 mg Dy/ l) was harmful to the production of laccase with 
C. unicolor. All versatile peroxidase (VP) activities were similar between nano-Dy, Dy and Dy salt, and 
also nano-Er, Er and Er salt indicating that these metals were not toxic to the production of VP by C. 
unicolor. Violet was decolorized almost completely with tested erbium and dysprosium metals 
indicating that C. unicolor was able to degrade aromatic structure containing Remazol Brilliant Violet 
5R azo dye. Scanning electronic microscope (SEM) pictures showed that nano-erbium, nano-
dysprosium were on both the surface. Our results show that nano-Er, nano-Dy, Er and Dy cause 
harmful effects to fungal enzyme production. It causes deleterious effects to the biodegradation of 
xenobiotics in the nano-metal contaminated environment. Decreased or altered activities of oxidative 
enzymes such as laccase and versatile peroxidase can be considered as early warning to indicate 
contamination in the environment. 
 
Acknowledgements: This work was funded by Maj and Tor Nessling Foundation 
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TOXICOLOGICAL EFFECTS OF GRAPHENE OXIDE ON ADULT ZEBRAFISH (Danio rerio)   
 
Jaqueline P. Souza1, Fabrício Santos1, Ieda M. M. Paino1, Valtencir Zucolotto1, (1) Nanomedicine and 
Nanotoxicology Group - Physics Institute of São Carlos - University of São Paulo, Avenida 
Trabalhador Sãocarlense, 400, São Carlos, SP 13560-970, Brazil 
 
 
Graphene exhibits unique physical and chemical properties, which have allowed a number of 
applications in different fields, including electronics and biomedical areas. However, the use of 
graphene and its derivatives could result in accumulation in aquatic environment, where the risks for 
organisms are still unknown. In this study, adult zebrafish (Danio rerio) were exposed to 0 (control); 2; 
10 and 20 mg L-1 of graphene oxide (GO) for assessment of effects on cytotoxicity, genotoxicity, 
Reactive Oxygen Species (ROS) production, and structural morphology of gills and liver tissues. Adult 
zebrafish including males and females (6 - 7 month old; body weight 0.31 ± 0.09 g; body size 3.34 ± 
0.31cm) were exposed to graphene oxide in 2 L of glass containers under conditions of continuous 
aeration, 12:12 light:dark photoperiod, 22 ± 2 °C of temperature, 60% of dissolved oxygen, without 
feeding, including four replicates per treatment, and five fish per replicate. Apoptosis, necrosis and 
ROS generation was evaluated after 24 h of exposure on gill cells. Genotoxicity was evaluated after 
72 h of exposure on blood cells. Histopathology has been assessed after 14 days of exposure. 
Graphene oxide induced increase in the early apoptotic and necrotic cells, but responses for 
genotoxicity were not identified. In addition, there was ROS generation on gill cells of organisms. 
Structural analysis showed some injuries on gill tissue including dilated marginal channel, lamellar 
fusion, clubbed tips, mucocytes swollen, epithelial lifting, aneurysms and necrosis. Liver tissues also 
presented some lesions, such as nuclei peripherally located, hepatocytes exhibited a non-uniform 
shape, picnotic nuclei, vacuoles formation, rupture and necrosis. Graphene oxide nanoparticles 
induced significant alterations on adult zebrafish physiology. The presence of GO in the aquatic 
environments can cause damages on zebrafish populations and this exposure can result in permanent 
disturbances, which could be harm to aquatic food chain balance. Therefore extra consideration is 
necessary for its biomedical applications.  
 

 
 
 

Figure 1. Number of gill cells (%) in early apoptosis, late apoptosis or necrosis phase, relative to the total population; 
ROS generation (fluorescence intensity %) on gill cells in relation to control group (24 h of exposure); gill and liver 
morphology following 14 days of exposure to 0 (control); 2; 10 and 20 mg L-1 of graphene oxide.  
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STUDY OF CHANGES IN THE BIOAVAILABILITY OF SILVER NANOPARTICLES BY THE 

BACTERIAL STRAIN BACILLUS SUBTILIS 

 
Elise EYMARD-VERNAIN1,2, Cécile LELONG1, Géraldine SARRET2, Thierry RABILLOUD1 (1) CEA – 
Grenoble, 17, rue des martyrs 38000 Grenoble, France (2) ISTerre, 1381, rue de la Piscine 
38610 Gières, France 
 
 
Due to the physical, biological and chemical properties of nanoparticles (NPs), the last decade is 
marked by the increasing production and use of nanoparticles in industry and research. Silver 
nanoparticles (Ag-NPs) are present as an anti microbial agent in a large variety of consumer products 
(textiles, food packaging, cosmetics, etc.). They are easily leached from these products and ultimately 
end up in the environment. The majority of the released Ag-NPs is discharged into municipal sewer 
systems. In wastewater treatment plants, 90% of Ag is retained in the sludge. In Europe, about 50% of 
sewage sludge is applied on agricultural soils. A better evaluation of their fate in soils and impact on 
living organisms is needed for risk assessment and regulation purposes. A better evaluation of their 
fate in soils and impact on living organisms is needed for risk assessment and regulation purposes. 
This study is focused on the impact of bacteria and of their secretome (molecules excreted in the 
medium) on the fate of Ag-Nanoparticles (Ag-NPs). We chose as model Bacillus subtilis. Bacillus 
subtilis is Gram+ bacteria which main biotope is the 
upper soil layer, rhizosphere, where it is in symbiosis 
with plants, and contributes to plant metabolism through 
the secretion of many molecules. 
We hypothesize that these secreted molecules can 
interact with NPs and changed their bioavailability. The 
objectives of this study are on the one hand to study the 
physicochemical characteristics of nanoparticles after 
their interaction with the secreted molecules (figure 1b) 
and on the other hand to study the quality and quantity 
of secreted molecules in response to different types of 
nanoparticles (figure 1a). 
 Bacteria were exposed to pristine Ag-NPs, aged NPs 
(Ag2S NPs) and ionic Ag at concentrations similar to 
environmental exposures. These studies are intended to 
develop the understanding of the main phenomena 
involved in the biodisponibility of nanomaterials and 
their secondary products into the rhizosphere. Indeed we have shown that molecules secreted by B. 
subtilis bind to NPs which affects their hydrodynamic diameter (i.e., the aggregation state). In addition, 
EXAFS analyses on frozen hydrated cells evidenced major changes in Ag speciation. 
NPs: Nanoparticles, LAg: silver lactate, PGA: Poly-ϒ-glutamic acid , SN: supernatant 
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LACK OF PATTERN IN THE RELATIONSHIP BETWEEN NANOPARTICLE COATINGS AND 
CYTOTOXICITY IN FISH CELL LINES 

 
Maria Luisa Fernandez-Cruz1, David Hernandez-Moreno1, Javier Hernandez-Gonzalo1, Jose M 
Navas1, (1) Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria (INIA), 
Departamento de Medio Ambiente, Carretera de la Coruña Km 7 Madrid, Spain 
 
 
Functionalization of manufactured nanoparticles (NPs) using different coatings involves the 
modification of their physicochemical and toxicological properties. For instance, metal NP dissolution 
and aggregation are deeply influenced by surfactant coverings leading to important changes in 
toxicity. This implies that complete toxicity profiles could only be established by performing a high 
number of eco/toxicity assays comprising all possible coating-NPs combinations. In order to cover this 
lack of information and to reduce in vivo assays, one of the objectives of the Project GUIDEnano is to 
establish relationships between different types of coatings of metal NPs and their associated toxicities. 
The main objective of the present study was to determine how two hydrophilic coatings, citrate (CIT) 
and polyethylene-glycol (PEG), and two hydrophobic coatings, dodecylphosphonic acid (DDPA) and 
oleylamine (HPB), modulate the toxicity of the corresponding uncoated NPs (TiO2, CeO2 and AgNPs, 
provided by PlasmaChem GmbH, Germany). 24 h exposure cytotoxicity assays were carried out using 
two fish cell lines derived from liver: the hepatocellular carcinoma cell line PLHC-1, from topminnow 
fish (Poeciliopsis lucida), and the hepatoma cell line RTH-149, derived from rainbow trout 
(Onchorryncus mykiss). Final nominal concentrations of TiO2NPs and CeO2NPs calculated in relation 
to the core NP ranged from 0.78 to 100 μg/mL, whereas in the case of AgNPs ranged from 0.078 to 10 
μg/mL. Three cytotoxicity assays were consecutively applied on the same set of cells: the neutral red 
uptake that reflects the viability of lysosomes; the Alamar Blue that informs about the metabolic activity 
of the cell; and the 5-carboxyfluorescein diacetate-acetoxymethyl ester that provides information about 
deleterious effects on the plasma membrane. Pristine NPs and NPs in the exposure medium were 
characterized by TEM, DLS and ICP-MS. 
TiO2NPs showed no toxicity in either of the two cell lines. CeO2NPs were neither toxic for the PLHC-1 
cell line. However, the RTH-149 cell line was more sensitive presenting a statistically significant 
decrease in viability after exposure to 100 µg/mL of CeO2-UNC and to ≥ 25 µg/mL of CeO2-CIT. The 
other two coated CeO2NPs did not trigger any toxicity. The higher sensitivity of RTH-149 cells with 
respect to PLHC-1 was also visible after their exposure to AgNPs. Only Ag-HPB at concentrations 
≥0.25 µg/mL provoked cytotoxicity in PLHC-1 cells, whereas all kinds of AgNPs (at concentrations ≥ 
0.13 µg/mL for Ag-CIT, ≥ 0.5 µg/mL for Ag-PEG and ≥ 0.068 µg/mL for Ag-HPB) led to a decrease in 
viability in RTH-149 cells. From these results, it is clear that coatings can influence the toxicity of the 
uncoated NPs. A general pattern of toxic behavior could not be established for these coatings in the 
NPs tested in these fish cell lines.  
Acknowledgements - FP7 project GUIDEnano (agreement nº 604387). 
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TRANSPORT AND MOBILITY OF NANOMATERIALS IN POROUS, SOIL-LIKE MEDIA 
 
André Nogowski1, Martin Hoppe2, Urs Dippon3, Daniel Göhler1, Benno Wessely1, (1) Research Group 
Mechanical Process Engineering, Institute of Process Engineering and Environmental Technology, TU 
Dresden, Münchner Platz 3, 01062 Dresden, Germany (2) Federal Institute for Geosciences and 
Natural Resources (BGR), Stilleweg 2, 30655 Hannover, Germany, (3) Federal Environment Agency 
(UBA), Schichauweg 58, 12307 Berlin, Germany 
 
 
The mobility of nanomaterials (e.g. silver, cerium or titanium dioxide) in environmental media like soil, 
sediments and sand filters is influenced by i) the particle characteristics such as size, structure, 
surface condition, ii) the properties of the surrounding solid phase such as porosity and surface charge 
and iii) the hydrochemistry of the water such as ionic strength, pH and dissolved organic matter. 
Due to this variety of factors the mobility of nanomaterials is affected by numerous interactions 
between particles, water and solid phase. An important factor is the stability of particles in the liquid 
phase. Three general types of effects are possible: the particle system is finely separated as colloidal 
suspension, the nanoparticles agglomerate with each other (homogeneous agglomeration) or they 
accumulate on soil colloids and the solid matrix (heterogeneous agglomeration).  
 
In this study the retention and remobilization of silver and cerium dioxide were investigated using 
column experiments. Therefore column packing material with different complex matrices such as 
simplified porous glass beads with a defined particle size distribution (Fig. 1), filter sand and the full 
complexity and heterogeneity of natural soil were used. The impact of soil solution chemistry on the 
stability of nanomaterials was additionally evaluated in batch experiments.  
 
Figure 1 (right) shows the breakthrough curves of silver nanoparticles depending on the pH value of 
the porous system. The dashed lines describe the normalised concentration of silver at the inlet and 
the theoretical step response at the outlet. 
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Figure 1: Column experiments: schematic view (left), experimental equipment (middle) and 
breakthrough curves in a glass bead column - effect of pH on the transport of silver nanomaterial 
(right). 
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IMPACT OF A CERIUM DIOXIDE NANOPARTICLES ENRICHED BIOSOLID ON A SOIL-PLANT-
BACTERIA SYSTEM 

Blanche Collin1,2,3, Mohamed. Barakat1,2, Philippe. Ortet1,2, Wafa Achouak1,2 , Emmanuel Doelsch4, 
Nicolas Roche5, Mélanie Auffan2,3, Catherine Santaella1,2, (1) Aix-Marseille Université, CEA, CNRS, 
Biosciences and biotechnology Institute of Aix-Marseille BIAM, DRF, UMR 7265,  LEMIRE, CEA 
Cadarache, St-Paul-lez-Durance, France (2) GDRi iCEINT, international Consortium for the 
Environmental Implication of Nanotechnology, CNRS-Duke University, F-13545 Aix-en-Provence, 
France (3) Aix-Marseille Univ, CNRS, IRD, CEREGE UM34, UMR 7330, 13545 Aix-en-Provence, 
France (4) CIRAD, UPR Recyclage et risque, F-34398 Montpellier, France (5) Aix-Marseille Univ, 
CNRS, Centrale Marseille, M2P2, UMR 7340, 13545 Aix-en-Provence, France 
 
 
Recent interest in the environmental fate and effects of manufactured CeO2 nanomaterials (NMs) has 
stemmed from its expanded use for a variety of applications. The majority of these NMs will end up in 
wastewater treatment plants (WWTP) where they will partition to sewage sludge during wastewater 
treatment, and ultimately re-enter the environment through the application of biosolids to agricultural 
soils. Thus, soil may serve as a sink for NMs accumulation in the environment, in which NMs may 
enter food webs or cause direct toxicity to plants, microbial communities, or other soil organisms.  
Most of the available studies do not take into account environmental parameters such as the 
transformation of NMs in the environment or interactions between NMs and other contaminants. High 
concentration of trace elements (TEs) such as Cd, Pb, Zn, Ni are present in biosolids and can interact 
with NMs. With a large surface area for adsorption of TEs, NMs can facilitate the transport of TEs in 
soils and modify their uptake by plant. 
 
This project aims to study the impact of Ce NMs on a soil-plant-microbe system using realistic 
exposure modes. Pristine CeO2 NMs were aged in a laboratory-scale activated sludge reactor during 5 
weeks. Canola plant (Brassica napus) was grown one month in a sandy loam soil (INRA’s Couhins 
experimental farm, Bordeaux) amended with the sludge without NMs or with biosolid enriched Ce NMs 
at an environmentally relevant concentration (1 mg Ce kg-1). Bulk Ce L3-edge X-ray absorption 
spectroscopy (XAS) was used to study Ce speciation in the sludge in order to evaluate the NPs 
transformation in the reactor. Elemental concentrations were measured in the plant parts by ICP-AES, 
and their distribution in roots by laser ablation ICP-MS. As proxy of the plant host’s response, we 
examined the activities of enzymes involved in the antioxidative system, which is a primary response 
of plants to stress.The impact to soil microbiota focused on microbial activities involved in C, N, S and 
P cycling and the bacterial community structure. Rhizosphere and root community structure was 
characterized by sequencing of 16S rRNA gene (Illumina MiSeq). Our presentation will focus on how 
CeO2 NMs biotransformation modulates the interactions in the plant-soil-microbes system.  
 
After a 5-weeks aging in a laboratory scale reactor, Ce was entirely associated with the solid phase of 
the activated sludge. X-ray absorption spectroscopy showed that CeO2 NPs were transformed in the 
bioreactor and was mainly present as Ce(III). For plants grown in the soil enhanced with Ce NMs 
enriched biosolid, the antioxidative system was activated with the increase of ascorbate peroxidase 
activity in roots and plant nutrients concentrations was altered in roots and shoots. In the rhizosphere, 
urease activity was enhanced and the structure of bacterial community was significantly modified. This 
presentation will focus on the impact of the Ce NMs enriched biosolid on the interactions between the 
plant, the bacterial community and the soil.  
 
The authors thank the CNRS for financial support through funding the GDRi-iCEINT, and the Labex 
Serenade (ANR-11-LABX-0064) funded by the "Investissements d'Avenir" French Government 
program of the French National Research Agency (ANR) through the A*MIDEX project (ANR-11-IDEX-
0001-02). 
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JOINT TOXICITY OF CHLORPYRIFOS AND ZINC OXIDE NANOPARTICLES AT SUB-LETHAL 
CONCENTRATIONS TO THE EARTHWORM EISENIA FOETIDA 

 
Mar Babin1, Mª Dolores Fernández1, Sandra García1, Ana Obrador2, Carmen del Rio1, Concepción 
García-Gómez1. (1) INIA. Dep. Environment. A-6 Km 7. E-28040 Madrid, Spain (2) UPM Dep. Chem. 
& Food Techn. ETSI Agrónomos, Ciudad Univ. E-28040 Madrid, Spain 
 

Nowadays there is a growing concern over soil contamination due to the broad agricultural use of 
pesticides to increase crop yields. Unfortunately, a large percentage of pesticides utilized in agriculture 
ends up as residuals in the soil, making non-target organisms more exposed to pesticide intoxication. 
The application of nanoparticles in agriculture are being actively explored to attenuate agricultural 
delivery of pesticides. Harmful effects of pesticides and metal oxide nanoparticles in terrestrial 
Oligochaeta have been reported at environmentally relevant concentrations and have resulted in 
concern about potential acute and long-term effects. Although measured concentrations of individual 
substances are low, little consideration has been given to the likely chronic nature of the exposures or 
to the potential for mixture effects. To the best of our knowledge, there are no papers that have 
studied the joined effect of inorganic NPs with organic pesticides in soil invertebrates. To this end, this 
study explored the sub-acute toxicity by measuring the biochemical responses (oxidative stress, 
cellular organelle impairment and genetic toxicity) of earthworm coelomocites, when Eisenia foetida 
was subjected to combined pollutions Chlorpyrifos (CPF) plus zinc oxide nanoparticles (ZnONPs) 
using the filter paper contact method (OECD, 1984), which benefits from the ease of controlling 
exposure conditions, assuming this method mainly reflects dermal contact. 
Adult earthworms were exposed to CPF: 0, 0.5, 1 and 2µg/cm2 and ZnONPs: 0 and 2.5µg/cm2 
individually. CPF-ZnONPs treatments were made of 0.5, 1 and 2µg/cm2 of CPF and 2.5µg/cm2 of 
ZnONPs. All experiments were carried out in the dark at 20°C for 48 horas. The regulation of oxidative 
stress was evaluated by measuring both catalase (CAT) and glutation-S-transferase (GST) enzyme 
activities and the final product of lipid peroxidation malondialdehyde (MAD).  Neurotoxicity was 
estimated by the acetylcholinesterase (AChE) activity. Coelomocites alterations responses including 
lisosomal activity (NRU assay), mitochondrial function (MTT assay), reactive oxygen species 
generation (ROS assay) and total protein content, were examined. The micronucleus test was used to 
detect nuclear abnormalities. Total earthworm Zn concentration were quantified with AES. 
No effects on biomarkers measurements could be shown for ZnONPs concentration (2.5µg/cm2). The 
combined effects resulting from the association of CPF-ZnONPs treatments indicated that earthworms 
were impacted at the cellular level. Low lisosomal activity (NRU assay), mitochondrial function (MTT 
assay), ROS levels and AChE activity values and high GST activity and lipid peroxidation (MDA levels) 
values were obtained when compared to CPF individually results. None of the combined CPF-ZnNPs 
tested concentrations induced nuclear abnormalities. 
The CPF-ZnONPs mixtures seemed to be more harmful than the individually introduced compounds, 
suggesting that low concentrations combined may represent a hazard for earthworm species with a 
possible additive or synergistic effect. 
This research was funded by the Spanish project RTA2013-00091-C02-01. 
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ECOTOXICOLOGICAL EFFECTS OF MULTIWALLED CARBON NANOTUBES AND 
CARBOFURAN ON METABOLISM OF ASTYANAXRIBEIRAEFISH: INFLUENCE ON OXYGEN 

CONSUMPTION AND AMMONIA EXCRETION 

 
Edison Barbieri1, Alessandra Maria Tegon Ferrarini1, Karina, F. O. Rezende1, Diego S.T. Martinez1, 
Oswaldo Luiz Alves1, (1) Instituto de Pesca, Cananeia, Brazil 
 

 
The study of the toxic effect of carbofuran pesticide and nitric acid-treated multiwalled carbon 
nanotubes (MWCNT) on Astyanaxribeirae metabolism is of paramount importance due to the 
increasing use of this pesticide in agriculture and in nanotubes in the materials industry. This study 
aimed to evaluate the effects of carbofuran, MWCNT and the combination of these compounds on 
specific oxygen consumption and excretion of ammonia in A.ribeirae. For this purpose, 65 fish were 
divided into three groups of treatments at varying concentrations: carbofuran (0.01, 0.05, 0.1 and 
0.5mg/L), MWCNT (0.1, 0.25, 0.5 and 1.0mg/L), and 0.5mg/L of MWCNT added to carbofuran 
concentrations (0.01, 0.05, 0.1 and 0.5mg/L). The average specific oxygen consumption in the groups 
exposed to carbofuran, compared to the control, increased 73.49%, with the 0.01mg/L concentration 
and decreased 63.86% and 91.57% with concentrations of 0.1 and 0.5mg/L, respectively. For groups 
exposed to the MWCNT, there was an 83.91% drop with the  1.0mg/L concentration and,  the 
carbofuran + MWCNT groups, recorded a decrease of 71.09%, 92.77% and 93.98% at concentrations 
of 0.05, 0.1 and 0.5mg/L, respectively. In relation to specific ammonia excretion, in groups exposed to 
carbofuran compared to the control, there was an increase of 134.37% and 200% at concentrations of 
0.1 and 0.5mg/L, respectively. The group exposed to carbofuran + MWCNT experienced a decrease 
of 60% and 80% at concentrations of 0.1mg/L carbofuran + 0.5mg/L MWCNT, and 0.5mg/L carbofuran 
+ 0.5mg/L MWCNT, respectively. Therefore, it was concluded that carbofuran + MWCNT show 
synergistic behavior, increasing the toxicity in A. ribeirae 
 
Keywords: Nanoparticles; Pesticide; Ammonia excretion; Oxygen consumption. 
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GRAPHENE OXIDE AND 6 ARM-POLY(ETHYLENE GLYCOL)  AMINE POLYMERIC FILM: 
ADHERENCE AND GROWTH OF ADIPOSE-DERIVED MESENCHYMAL STROMAL CELLS 

(ADMSC) CULTURE ON RAT BLADDER 
 
Marcela Durán1,2*, Nelson Durán2,3,4, Angela C.M. Luzo5, Adriana S. S. Duarte5, Bruno B. Volpe5, 
Helder J. Ceragioli6, Patricia F. Andrade,3, Joel G. De Souza1, Wagner J. Fávaro1,2*, (1) Urogenital 
Carcinogenesis: Urogenital and Immunotherapy Lab., Inst. Biology, University of Campinas 
(UNICAMP), Campinas, SP, Brazil (2) NanoBioss, Institute of Chemistry (IQ), UNICAMP, Campinas, 
SP, Brazil (3) IQ, Biol. Chem. Lab., UNICAMP, Campinas, SP, Brazil (4) Braz. Nanotechnol. Nat. Lab. 
(LNNano-CNPEM), Campinas, SP, Brazil (5) Mol. Biol. Lab., Hemocenter-Medicine Fac., UNICAMP, 
Campinas, SP, Brazil (6) Electric Eng. Comput. Fac., UNICAMP, Campinas, SP, Brazil 

 
In order to reduce infections, regeneration time in bladder injury, it is required a durable material, easy 
to use, and does not interfere significantly in the growth and differentiation of mesenchymal stromal 
cells (MSC) stem for building a platform (scaffold) used in urological surgery.It was prepared the 
graphene oxide (GO) and PEG (6 ARM-Poly (ethylene glycol) amine or 6 ARM-PEG-amine) (15kD) 
films with poly(ε-caprolactone) (PCL) (80 kD) (GO/PEG/PCL). The graphene suspension in organic 
solvent was prepared by using an ultrasonicator bath and subsequently, the film was formed by 
solvent evaporation. Total characterization of GO/PEG/PCL film was carried out. GO/PEG/PCL 
platform exhibited growth and adhesion of adipose-derived stem cells (ADMSC) and excellent 
properties for the wound healing processes. The best results was afforded with the film formed by 1.5 
g of PCL, 0.5 mg of GO and 0.5 mg PEG. The trials to made the adhesion of ASCS was confirmed by 
LIVE and DEAD® (Fig. 1). In in vivo trials the GO/PEG/PCL and ADMSC sewed on bladder showed 
complete healing after of surgical bladder injury treatment. The histopathological analyses showed the 
presence of healing cells, as compared with the previous surgery injuries.  After cell adhesion it was 
found a high bladder healing area. Data suggested a great potential of GO/PEG/PCL films as platform 
to ADMSC, as well as, new material for treatment several urological diseases. 
 
Acknowledgment: Support from IMOMAT, NANOBIOSS (MCTI/CNPq), Braz. Network Nanotoxicol. 
and FAPESP are acknowledged 
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THE INVESTIGATION OF NANOSILVER AS A REPLACEMENT ANTIBIOTIC IN AQUACULTURE 
 

Tayyaba Bibi 1*, Michelle Giltrap, Gordon Chambers 1, (1) Nanolab, Focas Institute, Dublin Institute of 
Technology (DIT), Kevin Street, Dublin 8, Ireland *Corresponding author: tayyabataj2008@gmail.com  

 
 

Antibiotics are used in fish farms to treat a range of fish diseases. Farmed fish are fully affected by 
these diseases and also parasites in aquaculture and particularly in the ocean environment where 
disease pathogens multiply quickly. The frequent use of these antibiotics in aquaculture has resulted 
in animal stress, infection, and decreased immune function by the formation of antibiotic resistant 
genes to other bacteria including human and animal pathogens. This study investigates the use of 
silver nanoparticles (Ag NPs) to overcome these problems. Silver nanoparticles have unique 
physiochemical properties (optical, electrical, and thermal) and low toxicity makes them ideal for 
numerous technologies, including biomedical, materials, optical, and antimicrobial applications.  

 
In this study, we expose Ag NPs on fish cell lines (PLHC-1 and RTG-2) and microbes order to 
investigate its potential role in aquaculture as a substitute for antibiotics. The experimental data is 
analysed to investigate the antibacterial effects of nanosilver as a replacement agent and discuss the 
complex scenario, drawbacks, techniques, methods, main mechanisms, and procedures to perform 
antibacterial tests of the exposed Ag NPs.  
 
Keywords: Antibiotics, Microbes, Nanosilver, Fish cell lines, Physiochemical, Toxicity      
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INVESTIGATION OF IRON OXIDE NANOPARTICLES EFFECTS ON MACROPHAGES IN THE 
FRAME OF A METAL-ACTIVATED RADIOTHERAPY SCHEME 

 
Bastien Dalzon1, Catherine Aude-Garcia1, Thierry Rabilloud1, (1) CEA – Grenoble, 17, rue des 
martyrs, 38000 Grenoble, France 
 
 
Currently, patients diagnosed with brain tumour glioma have a short life expectancy even with current 
treatments such as radiotherapy and chemotherapy. These two methods are not efficient for two 
reasons: Radiotherapy necessitates high intensity ionizing radiations that also destroy surrounding 
tissues. Chemotherapy is often not usable because many drugs cannot cross the blood brain barrier 
(BBB). Oppositely, iron oxide nanoparticles (NP-Fe2O3) locally release very toxic and short range 
photoelectrons when irradiated with X-Rays of adequate wavelengths.  
This method appears as an attractive strategy to treat tumours. To help cross the BBB and specifically 
target glioma, we propose to use macrophages to carry NP-Fe2O3 into the glioma (Trojan-horse 
effect). The procedure is very simple: 1) We take a blood sample from the patient to isolate and 
cultivate primary macrophages with NP-Fe2O3.  2) Gamma-Rays are targeted to the glioma to 
stimulate an inflammatory signal and thus attract macrophages. 3) Macrophages which have 
phagocytosed NP-Fe2O3 are injected into the blood circulation and are attracted by the inflammatory 
glioma. 4) The glioma is irradiated with X-rays of the adequate wavelength to induce the production of 
photoelectrons by the NP-Fe2O3 and killing of the tumor cells surrounding the NP-loaded 
macrophages.  
The aim of this poster is to present the validation of the uptake of NP-Fe2O3 by primary macrophages. 
Moreover, we assess the response of macrophages to NP-Fe2O3 by proteomic approaches and 
functional tests in order to avoid inducing deleterious side effects (e.g. NO and cytokine assays) and 
we check the functionality of the macrophages for the implementation of our strategy (e.g. 
phagocytosis and migration assay). 
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CURRENT SAFETY PRACTICES IN TWO NANOTECHNOLOGY RESEARCH LABS IN IRAN 

 
M. Jahangiri 1, S. J. Shahtaheri1, (1) Department of Occupational Health, School of Health, Shiraz 
University of Medical Sciences, Shiraz, Iran, (2) Department of Occupational Health, School of Public 
Health, Center for Environmental Research, Tehran University of Medical Sciences, Tehran, Iran 
  
Corresponding Author's E-mail: jahangiri_m@sums.ac.ir  

 
Safe production, handling and use of engineered nanomaterials are an essential part of the 
nanotechnology revolution. 
The purpose of this study was to assess current safety practice among laboratory personnel in two 
nanotechnology research labs in Iran. 
A structural questionnaire was administrated to 67 nanomaterial researchers which were involved in 
handling and working with carbon nanomaterial and their safety awareness regarding nanomaterial 
safety were investigated. 
Also their safety practices including using PPE (half-face respirator, skin protective, glove and 
protective cloths) and engineering controls (fume hood, enclosure local exhaust system, natural 
ventilation, etc) during different manufacturing process including preparation of carbon nanomaterial 
and catalyst, spray and filtration of CNT solution, opening and cleaning CVD, weighing manufactured 
CNTs, Ultrasonic treatment etc, were investigated by aid of safety behavioral sampling techinque. 
 The results of this study showed that 68.6% of study population believe that working with 
nanomaterial doesn’t need special precautions as compared with other type of materials. 
Also their safety practices did not deviate significantly from conventional safety practices and there 
were not any information source (like Material Safety Data Sheets) for hazard communication and safe 
handling of nanomaterial. 
To address the lack of understanding of current safety precautions of working with nanomaterials, the 
researchers should be trained regarding the adverse health effect of nanomaterials and nano-specific 
health and safety practices. 
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A NEW APPROACH ON NANOSAFETY: ASSESSING THE VALUE CHAIN OF NANOPRODUCTS 
MANUFACTURED IN BRAZIL 

 
Andre Luiz Meira De Oliveira1, Leandro Antunes Berti1, Carlos Roberto De Rolt2 (1) CERTI Foudation, 
Campus Universitário UFSC - Setor C, Florianópolis/SC - Brazil (2) LabGES, ESAG/UDESC, Av. 
Madre Benvenuta, 2037 - Itacorubí – Florianópolis/SC - Brazil 
 
The API.nano, based at the CERTI Foundation, is the only national cluster that support and promotes 
the industrial development of nanotechnology in Brazil. Currently formed by 113 members from 
industry and academia, focused on the full development of responsible nanotechnology with the 
lowest possible environmental impact. There is an international consensus that safety depends on the 
nanomaterial properties (agglomeration, shape, size, surface charge, functionalization, porosity, 
lability, biodegradability, bioavailability, and others). Each property change will generate distinct results 
and consequences to the living beings and to the environment, especially the lethal dose limits (LD50 / 
LC50). Despite the efforts carried out by the Brazilian government agencies, such as the National 
Health Surveillance Agency (ANVISA), National Institute of Metrology, Quality and Technology 
(INMETRO) and Ministries, yet there is no mandatory nanosafety testing planned for the country. 
 
Therefore, a Nanosafety Committee has been established and coordinated by the CERTI Foundation, 
funded by the Foundation for Support of Scientific and Technological Research of the State of Santa 
Catarina (FAPESC). The Committee is comprised by API.nano representatives, industry, institution 
and researchers, organized in a forum for discussion not only for nanoproducts safety standards, but 
also for the assessment of occupational safety of employees and consumers. The developed concept, 
defines that a nanoproduct will only be certified if the nanomaterials that composed it, is from an 
approved supplier, ensuring reproducibility and the occupational health of value chain. The approval 
and certification processes is the responsibility of a Conformity Assessment Bureau, called OC.nano. 
 
The first step of the process is to evaluate the management system, which uses concepts of 
compliance standards (ISO 9001: 2015 and Good Manufacturing Practices), in conjunction with the 
Control Banding standard (ISO / TS 12901-2: 2014). The implementation of mitigation actions for 
occupational risks in companies that consume nanomaterials should be added to the reproducibility 
assurance and continuous improvement of the process. 
 
After the value chain is approved, the modes of exposure (MoE) are assessed via the Organisation for 
Economic Co-operation and Development (OECD) test guidelines (OECD TG) and guidance 
documents (OECD GD) for the dermal, ingestion and inhalation routes, respecting wherever is 
possible, the 3Rs of alternative methods to animal testing. The tests must be carried out by approved 
laboratories, based on the ISO standard (ISO / IEC 17025: 2005), and follow the technical regulations 
developed and approved by the Nanosafety Committee. 
 
The first technical regulation developed is the nanosafety of nanoencapsulated cosmetics, one of the 
largest demands in Brazil. The effective operation of the OC.nano is set to start by 2017. 
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MAPPING NANOMEDICINE TERMINOLOGY IN THE REGULATORY LANDSCAPE 
 
Laia Quiros Pesudo1, Alexandra Balahur2, Gerhard Wagner2 and Susanne Bremer-Hoffmann1, 
(1) JRC Directorate F – Health, Consumer and Reference Materials. F.2 Consumer Product Safety. 
Via E. Fermi, 2749. TP I-21027 Ispra (VA), Italy (Laia.quiros-pesudo1@ec.europa.eu) (2) JRC 
Directorate I – Competences. I.3 Text and Data Mining. Via E. Fermi, 2749. TP I-21027 Ispra (VA), 
Italy 
 
 

A common terminology is essential for harmonised regulatory governance, standardisation of quality 
and toxicological tests, allowing an effective review for policy making and research granting, as well as 
supporting accurate patent searching and prosecution. Nanomedicine is an emerging field, generating 
specific terminology through its rapidly evolution. Nanotechnology's multidisciplinary character, the 
variety of stakeholders' expertise involved in the development of this field, and/or the lack of specific 
legislations may contribute to the ambiguity and inconsistency of definitions for nanomedicine terms. 

To address the lack of a shared terminology, the Nanomedicines Working Group of the International 
Pharmaceutical Regulators Forum has identified the need to map, compile and discuss the currently 
used terminology and definitions in the regulatory landscape, as a priority in order to further support 
the translation of nanomedicines towards the market. 

To measure the development of a common lexicon, we crawled websites of 12 regulatory authorities 
and agencies involved in the regulation of nanomedicines. Different text mining tools have been used 
to retrieve terms related to nanomedicines from different document types including HTML, XML, MS 
Word, MS PowerPoint, MS Excel and PDFs. The text mining strategy was further refined and enriched 
integrating terms from other data sources.  

The results included a quantitative number of terms used by the various agencies. We have selected 
more relevant terms and manually extracted the working definitions used by the different agencies. As 
expected, the search demonstrated regional differences on the frequency and type of nano-terms 
used in the regulatory context (see Figure). Special emphasis has been given to extract variations in 
the core elements used to describe these terms in the definitions (i.e. size ranges limits, novel 
properties, or functionality). 

This work is necessary background information to allow the development of documentary standards in 
the field of nanomedicines and will stimulate innovation and foster industrial competitiveness.  

 

A. B.

 

Figure 1. A) Number of single terms (term itself) and B) number of frequency of top nano-prefixed 
terms retrieved from crawling the selected regulatory agencies website. 
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