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Nanotechnology: Ten years of French Public Policy Towards a 
Responsible Development 

Françoise Roure 

French ministry of economy, finance and industry 

Email: Francoise.ROURE@finances.gouv.fr 

 

 

France has been involved in the creation of the conditions of a responsible development of 
nanoscience and nanotechnology since more than ten years by the active participation to 
European and international, intergovernmental and non-governmental (standards) dialogues 
and formal activities. Those dialogues have covered a wide range of concerns, bearing in 
mind the fact that no market and no benefits could be reached, but with a full understanding 
of the relevant mechanisms of demand in a situation of uncertainties and growing complexity, 
as well as of investment and supply. 

Duty to care in order to protect has been high on the political agenda, for the tremendous 
changes potentially induced by nanosciences and nanotechnologies go far beyond the 
chemical specific properties of some passive nanomaterials of the first generation, and cover 
nowadays the whole range of DNA and bio-inspired, hybrid, advanced synthetic materials 
built upon specific properties of surface, interface and confinement at the nanoscale. Ethical 
aspects as well as the will to deliver efficient novel solutions to grand challenges like the 
transition to a low carbon, bio economy, have been integrated early by Public Authorities in 
France. 

The presentation will elaborate on main questions and results provided since the beginning 
of the 21st century along the classical “Awareness-Readiness-Response” path as regards 
nanotechnology.  It will present the situation of Industry and Services in France in a Survey 
released in December 2011. The last part of the presentation will describe the elements of 
the official answer of the French government to the French independent authority in charge 
of the public debate on nanotechnologies, presented the 13th of February 2012, and will end 
on the main elements adopted to serve as a mandatory reporting scheme for nanomaterials 
undertaken according to the French Law, and partially implemented in cooperation with other 
Member States of the European Union under OECD standards. 
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1 Materials for the Future 
 

This session will look out to future nanomaterial generations and how we control the 
quality of these, and the additional challenges they represent for safety assessment. We 
can also look back on lessons learnt from NIN and other past EU funded projects. 
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1.1 Size-controlled Synthesis and Functionalization of Large Gold 
Nanoparticles 

 
Neus Bastús1, Joan Comenge1,2,3, Víctor Puntes 1,3,4, Ngoc Tran1,3   

 
1Institut Català de Nanotecnologia, Barcelona, Spain 

2International Iberian Nanotechnology Laboratory, Braga, Portugal 
3 Universitat Autònoma de Barcelona, Barcelona, Spain 

4Institut Català de Recerca i Estudis Avançats, Barcelona, Spain 
Email: ngoc.tran@icn.cat 

 
Highly monodispersed spherical gold nanoparticles with controlled sizes were obtained by 
seeded growth method in which sodium citrate played the role of both reducing and 
stabilizing agent. The achieved uniformity was attributed to the kinetic control of the 
homogeneous growth process against secondary nucleation by adjusting the reaction 
conditions: temperature, gold precursor to seed particle ratio, and pH [1]. This well-
developed method allows the reproducible synthesis of large particles up to ~200 nm with 
higher concentration and narrower size distribution compared to the traditional Frens method 
[1, 2]. Moreover, gold nanoparticles prepared using this method, are ready to be further 
functionalized with a wide variety of molecules [3]. This conjugation process leads to the 
possibility to tune the surface properties of resultant particles and therefore test its suitability 
for medical and biological applications [4].   
 

 
 

Figure 1: TEM images of Au seed particles and those obtained after different growth steps 
 

 [1] Bastus, N et al. 2011. Kinetically controlled seeded growth synthesis of citrate-stabilized 
gold nanoparticles of up to 200 nm: Size focusing versus Ostwald ripening. Langmuir 27: 
11098-11105  

[2] Frens, G et al.  1973.  Controlled nucleation for the regulation of the particle size in 
monodisperse gold suspensions. Nature Physical Science 241: 20-22 

[3] Bastus, N et al. 2009. Homogeneous conjugation of peptides onto gold nanoparticles 
enhances macrophage response. ACS Nano 3: 1335-1344 

[4] Casals, E et al. 2010. Time evolution of the nanoparticle protein corona. ACS Nano 4: 
3623-3632 

file:///C:/Documents%20and%20Settings/mbenderd/Bureau/ngoc.tran@icn.cat
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1.2 Measuring protein structure and stability of protein-
nanoparticle systems 

 

S. Laera1, G. Ceccone1, F. Rossi1, D. Gilliland1, R. Hussain2, G. Siligardi2 and L. Calzolai1 
 

1 European Commission, Joint Research Centre Institute for Health and Consumer 
Protection, Italy 

2 Diamond Light Source, Didcot, UK 
Email: luigi.calzolai@jrc.ec.europa.eu 

 
 
 

The behavior and properties of nanoparticles (NP) in biological medium depends heavily 
from the structure and stability of the proteins that interact with them. Unfortunately, this kind 
of information is very difficult to obtain. 
 
Here we show that by using Synchrotron Radiation Circular Dichroism (SRCD) it is possible 
to detect changes in the secondary structure and stability of different classes of proteins 
upon interaction with nanoparticles [1]. In particular we show that by using the SRCD beam 
line we can detect structural changes of proteins in the nanomolar concentration range when 
they form protein-nanoparticle complexes. 
 
Furthermore, the adsorption of protein on NP modifies their melting point in a composition 
and size dependent manner, indicating that the protein corona formation is strongly 
depending on the nanoparticle physic chemical properties 
 
 
 
 
 
 
 [1]  Laera et al., Measuring protein structure and stability of protein-nanoparticle systems 

with synchrotron radiation circular dichroism.  Nano Letters 2011, 11:4480. 

  

mailto:luigi.calzolai@jrc.ec.europa.eu
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2 Eco-Hazard Assessment 

This session will present the state of the art and look towards the future in eco-hazard 
assessment (hazard as being broader than toxicity). 
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2.1 Bioavailability of carbon nanotubes (CNT) for aquatic 
organisms and interactions with organic pollutants 

 
Andreas Schäffer, Felix Stibany, Stefan Rhiem, Anne Simon, Benjamin Daniels, Björn 

Deutschmann, Helga E.C. von Lochow, Werner Baumgartner, Hanna M. Maes   
 

RWTH University Aachen, Aachen, Germany, Institute for Environmental Research 
Email: andreas.schaeffer@bio5.rwth-aachen.de 

 
 

The extraordinary properties of carbon nanotubes (CNT) - their mechanical stability, thermal 
and electric conductivity - are increasingly used to manufacture new materials and products. 
Due to the expected high production volumes, the overall safety assessment of these 
materials for producers, workers, consumers and the environment is of high social and 
economic relevance. The lecture focuses on the environmental risk assessment of CNT. 
 
Radioactive (14C) labelling of CNT allows the quantification of their distribution in water 
sediment systems as well as their uptake and bioaccumulation in water and sediment-
dwelling organisms. Dispersed waterborne CNT are bioavailable to algae, daphnia, fish and 
sediment worms. After exposure the organisms almost completely eliminate CNT when 
transfered to CNT free media (except fish), but low concentrations - measured by means of 
radioactivity analysis - remain in the organisms. 
 
Sediments are a sink for CNT, resulting in a low exposure of pelagic organisms, but benthic 
organisms are exposed; however, in presence of sediment CNT were not bioavailable to 
sediment dwelling blackworms due to strong sorption to sediment.  
 
Single CNT are taken up in algae cells, as well as in daphnia and blackworm gut epithelial 
cells. This was demonstrated by electron microscopy and by quantifying the remaining 
radioactivity in the organisms after elimination phases. Fish gut epithelium also contain single 
CNT after exposure: the digestibility of food in fish that were exposed with CNT seems 
reduced. 
 
CNT readily adsorb lipophilic pollutants and those with functional groups due to hydrophobic 
interactions, H-bonding, electron-donor-acceptor interactions. By adsorption, the estrogenic 
toxicity of ethinylestradiol for fish is reduced. CNT properties and thus binding of pollutants 
vary considerably due to preparation and subsequent treatment of the nanotubes. 
 

CNT revealed no acute toxicity to algae, daphnids, blackworms and fish even at high test 
concentrations (0.1-10 mg/L). The risk quotient, i.e., the ratio of the predicted environmental 
concentration (PEC) and the predicted no effect concentration (PNEC) is 2 * 10-7 for surface 
water and below 0.02 per year for sediments (CNT accumulate in sediments). 

mailto:andreas.schaeffer@bio5.rwth-aachen.de
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2.2 Ecotoxicity of MWNT suspensions in the amphibian larvae 
Xenopus laevis. Comparison between raw and dispersed 

MWNTs via non-covalent functionalization and mechanical 
dispersion 

Floriane Bourdiol1,2,3, Florence Mouchet2,3, Annie Perrault2,3, Isabelle Fourquaux4, 
Laury Gauthier2,3, Emmanuel Flahaut1,2,3 

  
1 CIRIMAT (Centre Inter-universitaire de Recherche et d’Ingénieurie des Matériaux), 

Toulouse, France 
2 EcoLab (Laboratoire Ecologie Fonctionnelle et Environnement),Castanet Tolosan, France 

3 Laboratoire Commun NAUTILE, laboratoires EcoLab/CIRIMAT/GRL 
4 CMEAB, Centre de Microscopie Electronique Appliquée à la Biologie, Toulouse, France 

Email: floriane.bourdiol@gmail.com 
 

Due to their nanoscale and their outstanding physicochemical, electrical, mechanical, optical 
and thermal properties, the development of materials and applications including carbone 
nanotubes (CNTs) is spreading in various areas, from plastics and composites markets to 
medicine and pharmaceutical applications. Producers have increasingly focused on the 
production of multi-walled carbon nanotubes (MWNTs), which should reach about 14000 
tons by 2016 [1]. Taking in consideration their life cycle, CNTs are likely to be released in the 
environment, and should end in the aquatic compartment, well known as the final receptacle 
of pollutants. Raw CNTs tend to readily agglomerate and settle down, while the adsorbtion of 
dispersing compounds (e.g. dissolved organic matter) present in natural systems should 
enhance the dispersibility and the stabilization of CNTs in the water column at 
environmentally relevant concentrations [2]. Their dispersion state at the moment of release 
should also be crucial for their environment fate and their partitioning between the water 
column and the sediments [3]. For all these reasons, CNTs should be considered as 
potential emergent contaminants and deserve special attention concerning the risk 
assessment to aquatic organisms which could be exposed to them. 
 
In this perspective, we use the international amphibian micronucleus standardized procedure 
(ISO 21427-1) on the aquatic model Xenopus laevis to assess the toxicity of raw and 
dispersed MWNTs. Over twelve days of semi-static exposure to CNT concentrations ranging 
from potential environmental ones (0.1 and 1 mg/L) to those that might be encountered in 
case of an accidental release (10 and 50 mg/L), the acute (mortality), chronic, (growth 
inhibition) and the genetic (micronuclei induction in erythrocytes) toxicities were evaluated. In 
order to prepare and daily renew the exposure medium, a dispersion protocol was first 
developed. Mechanical dispersion methods (Ultra-turrax, sonication tip and sonication bath) 
were combined to a non-covalent functionalization with a non-toxic polymer 
(carboxymethylcellulose or gum arabic). Visual observations and determination of the 
concentration of MWNTs in the water column (UV-vis spectroscopy; absorbance at 550 nm) 
showed that adding larvae in the exposure medium is responsible for the destabilization of 
as-prepared MWNT suspensions. Biological responses of tadpoles significantly differed 
depending on the concentration but also on the initial dispersion state of MWNTs (raw vs. 
dispersed). Macro and TEM observations of entire larvae and organs were achieved to 
discuss these results according to the absorption and the translocation of MWNTs. 
 
[1]Global Carbon Nanotube Market – SWCNT, MWCNT, Technology, Applications, Trends & Outlook (2011-2016). Markets and 
Markets, April 2011, Pages: 371.  
[2] Saleh, NB et al. 2008. Aggregation kinetics of multiwalled carbon nanotubes in aquatic systems: measurements and 
environmental implications. Environmental Science and technology 42:7983-7969.  
[3] Schwyzer I et al. 2011. Influence of the initial state of carbon nanotubes on their colloidal stability under natural conditions. 
Environment Pollution 159(6):1641-1648  

mailto:floriane.bourdiol@gmail.com
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2.3 Acute dietary exposure of Danio rerio to amphiphilic polymer 
coated CdSe/ZnS quantum dots 

 

Nastassja Lewinski1,2, Huiguang Zhu2, Clare Ouyang2, George Conner2, Daniel Wagner2, 
Vicki Colvin2, Rebekah Drezek2 

1Institut de Sante au Travail, Lausanne, Switzerland 
2Rice University, Houston, TX, U.S.A 
Email: Nastassja.Lewinski@chuv.ch 

 
 

Quantum dots (QDs) are being extensively developed for biomedical use as traceable 
therapeutic vectors, and for energy applications including photovoltaic solar cells.  Concerns 
regarding potential toxicity and heavy metal exposure from these nanoparticles have called 
for more rigorous research to understand and address the health and environmental impacts 
of exposure. 

Examining the biodistribution of quantum dots in aquatic species is one approach to 
exploring the effects of QDs in vivo while gaining insight into possible effects of 
environmental release on aquatic species.  CdSe/ZnS QD uptake and distribution was 
studied in Danio rerio (zebrafish) after dietary exposure using Daphnia magna (daphnia) 
exposed to QDs. 

Fluorescence confocal laser scanning microscopy was used to visualize and spectrally 
distinguish the QDs from competing autofluorescence signals arising from the organisms 
themselves and their food sources. 

Inductively coupled plasma mass spectrometry (ICP-MS) measurements were taken to 
quantify the amount of QDs present in different organs.  QDs were found primarily within the 
digestive tracts of daphnia and zebrafish.  Clearance was slower for daphnia than zebrafish; 
after 48 hr of gut clearance, QD fluorescence signal was still apparent in the digestive tracts 
of daphnia, and ICP-MS confirmed that 36-53% of the initial uptake was retained.  For 
zebrafish exposed to QDs via their food source for 14 days, < 10% of the initial uptake was 
retained after 24 hr of gut clearance. 

This work suggests that acute dietary exposure to QDs may affect organisms at lower trophic 
levels more significantly. 

  

file:///C:/Documents%20and%20Settings/mbenderd/Bureau/Nastassja.Lewinski@chuv.ch
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2.4 Mobility of three different TiO2 nanomaterials in soil columns  

 

C. Nickel1, B. Hellack1,, and T.A.J. Kuhlbusch1,2 

1 Institute of Energy and Environmental Technology (IUTA) e.V. - Air Quality &  Sustainable 
 Nanotechnology, Duisburg, Germany. 

2 CeNIDE, Center for Nanointegration Duisburg-Essen, University Duisburg-Essen, 
Duisburg, Germany. 

 
Email : nickel@iuta.de 

 

Nanomaterials like titania are commonly used in many everyday life products (e.g. paints, 
cosmetics, textiles, etc.). Different studies indicate that nanomaterials are released from 
products during their life cycle [1, 2, 3]. Hence the released nanomaterials will end up in 
water, sediment or soil systems [4]. 

For risk assessment information about exposure concentrations and the mobility of 
nanomaterials are very important, but mechanistic and quantitative information about the fate 
and behaviour in the environment and especially in soil ecosystems are still lacking. 
Consequently the fate and behavior of different, coated and uncoated TiO2 nanomaterials 
(P25, PC105, UV Titan M262) in soil compartments were investigated in soil column 
experiments according to the OECD Guideline 312 with three natural soil types. This was 
done to a) test the applicability of OECD guideline and b) to identify and assess the effect of 
different soil characteristics like clay content, pH-value, organic matter or cation exchange 
capacity on the adsorption and mobility behaviour. For P25 and PC105 based on the 
ICP/OES measurements no significant mobility further than the upper few centimetres was 
determined. Only for UV Titan M262 a transport was indicated. Still, no Titanium above the 
detection limit was measured in the leachate of the columns. It is conceivable that the 
coating of the material could effect the mobility. With SEM / EDX a transport of isolated TiO2 
agglomerates of all materials was detected in nearly all segments. It is conceivable that the 
bulk chemical analysis was not sensitive enough for the detection of this transport taking the 
natural background into account. All together it seems that soils do hold back the main part 
of nanomaterials quite effectively by adsorption, steric hinderance and/or agglomeration 
possibly leading to a kind of clogging of the pores. The importance of the latter may be small 
since the water flow through the column was not significantly affected.  
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[1] Kaegi et al. (2008), Environmental Pollution 156, 233-239; 
[2] Kaegi et al. (2010), Environmental Pollution 158, 2900-2905; 
[3] Kiser et al. (2009), Science and Technology, 43 (17), 6757 – 6763; 
[4] Gottschalk et al. (2010), Environmental Modelling & Software, 25 (3), 320 - 332.  
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2.5 Foliar transfer of TiO2 and Ag nanoparticles in lettuce 
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The possible transfer of engineered nanoparticles (ENPs) into plants should be evaluated in 
the perspective of human exposure through ingestion of crops and to better evaluate the 
impact of ENPs on ecosystems. Nanoparticles (NPs) may penetrate into plants by soil-root 
and by foliar transfer. The mechanisms of NPs transfer and on their fate inside plants are 
poorly understood, particularly for the foliar pathway 
 
The fate of TiO2 (anatase, < 10 nm) and Ag0 (40-90 nm) nanoparticles in lettuce leaves after 
foliar exposure was studied. Plants were grown in controlled conditions, and droplets of 
ENPs suspension were applied on the leaves. For Ag, the transfer of ionic Ag was also 
studied using a solution of Ag nitrate. Lettuce leaves were washed and cross sections 
(hydrated cryosections and ultrathin cryosubstituted sections) were prepared. The 
localization of ENPs and the speciation of Ti and Ag were studied by scanning and 
transmission electron microscopy coupled with energy dispersive X-ray microanalysis (SEM- 
and TEM-EDX), micro X-ray fluorescence (µXRF) and micro X-ray absorption spectroscopy 
(µXAS).  
 
TiO2 exposure did not induce any visible toxicity symptom, whereas Ag (both ionic and nano) 
induced some necroses on leaves. SEM-EDX analyses of the leaf surface the presence of 
large aggregates (a few µm in diameter) which were not removed by water rinsing. 
Aggregates of nanoparticles were also observed on leaf sections, in the epidermis and 
mesophyll. No sign of weathering of dissolution was observed, and TiO2 was still present as 
anatase. On the contrary, for Ag nanoparticles, µXRF maps suggested some weathering of 
the ENPs, and µXAS showed the formation of secondary Ag species (Ag+ bound to organic 
ligands). Stomata might represent an entry point for NPs into the leaves.  
 
This study using model ENPs will be followed by a study of ENPs included in façade 
coatings, which may be a source of ENPs in the environment upon ageing and weathering.  
 
 
Acknowledgements 
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3 From Production to Exposure 

This session will cover the many stages during a product development, the life cycle of a 
product containing manufactured nanomaterials (MNMs) and the life of a MNM itself plus 
how this links to various human and environmental exposures. 
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3.1 The use of nano-enabled products in Dutch industrial sectors 
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Although nanotechnology offers us huge technological and economic possibilities, the 
increasing production and applications of MNMs has become a source for human exposure 
and therefore raises questions about the possible health effects. Gaining more insight into 
the potential exposure scenarios and already applied risk management measures (RMM) is 
the primarily step in order to seize the opportunities while responsibly managing the risks. 
The principal objectives of this study were to obtain an overview of 1) the potential exposure 
scenarios to manufactured nanomaterials (MNMs) and associated relevant industrial sectors 
in the Netherlands; 2) MNM specific risk management measures that were in use; and 3) 
gain insight into the number of workers potentially exposed to MNMs in industrial sectors in 
The Netherlands. The focus was on sectors producing and applying (ready-to-use) nano-end 
products. 

The survey was conducted in 2010/2011in three phases: 1) identification of production and 
potential industrial applications of nano-end products based on literature, internet, and expert 
elicitation: 2) linking the production and industrial applications of nano-end products to 
relevant industrial sectors using literature; and 3) a telephone survey amongst sector 
organizations, knowledge centers, and a random sample of 20 individual companies per 
sector. Structured interviews on the application of nano- end products and RMM were 
administered to the branch organizations and each company using nano-end products.  

The identified applications, mostly coatings, could be linked to 18 potentially relevant sectors 
producing or applying nano-end products. Other applications include additives for oil, fuel or 
lubricants for  the automotive industry, cleaning products, personal car/cosmetics, concrete, 
paper, and industrial clothing. In the identified sectors, 40 sector organizations/knowledge 
centers and 460 companies were interviewed. Results show a considerable marktpenetration 
(>5% of companies contacted) of nano-end products in shoe repair shops, automotive-, 
construction-, paint-, metal-, and textile cleaning industry. The total number of workers 
potentially exposed to MNMs during the production or application of nano-end products was 
estimated at approximately 3.000 workers in the Netherlands. The interviews with the various 
companies shows that the awareness related to the uses of nanoproducts was limited. In 
addition, in the majority of the companies risks of MNMs are not a specific point of interest, 
i.e. 18% mention nanomaterials in the risk assessment procedures, 9% train workers in the 
safe use of nanomaterials, 24% have a nano work protocol, and 61% uses (not nano 
specific) personal protective equipment.  

Nano products are applied in diverse industrial sectors. Because of the limited awareness, 
the penetration of nano-end products is probably underestimated. This study will serve as a 
basis for assessing the population ‘at risk’ and subsequent quantitative exposure 
assessments and health surveys that are currently planned in the Netherlands. 
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3.2 Measurement of possible CNT emissions during shredding of 
experimental CNT-composites 
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The use of carbon nanotubes (CNT) within different kinds of composite materials is 
investigated by material scientists to improve properties like electrical conductivity and 
mechanical strength. Due to the expected mass production of such composites, it is our goal 
to investigate possible release of the incorporated CNT along the different stages of the 
lifecycle of the composites. For the work presented here we focused on the end-of-life of the 
materials and performed experiments on recycling of the CNT-composites. 
 
Three different composites - Polycarbonate (PC), Polyamide (PA) and Polyethylene PE) – 
each with 0%, 5% and 7.5% CNT content were shredded to simulate a typical recycling 
process. The emission of airborne particles was studied in an enclosure with a volume of 
roughly 1 m³ and low particle background (clean air). The shredder was fed with 10 g/min of 
the composite material for an overall time period of 20 minutes to allow the build-up of an 
equilibrium particle concentration within the enclosure. The resulting number size distribution 
was measured using a scanning mobility particle sizer (SMPS) and an aerodynamic particle 
sizer (APS) to cover the particle size range from a few nanometres to 20 µm. Furthermore, 
airborne particles were sampled on high purity silicon substrates for subsequent scanning 
electron microscopic (SEM) investigations on the released fragments. 
 
The results of this study indicate that only a moderate particle release takes place during the 
shredding process with only minor differences between the control material (pure PC, PA 
and PE) and composites containing different CNT contents. The SEM images reveal mainly 
larger composite fragments, usually with a size above 1 µm with incorporated nanotubes. 
Single free nanotubes were not found on the SEM substrates during the investigations. 
 
Acknowledgement: The work presented here was funded by the German federal ministry of 
education and research (BMBF) as part of the CarboSafe project (Grant No. 03X0043D). 
CarboSafe is a subproject of the Inno.CNT initiative. Further information on this project as 
well as the Inno.CNT initiative is available online at www.cnt-initiative.de 
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3.3 MWCNT polymer nanocomposites: Migration and/or release of 
nanoadditives in polymeric matrices during aging processes  
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The incorporation of only small amounts of nanoadditives in polymeric compounds can 
change the nature of the original matrix due to the large surface area to volume ratio of 
nanomaterials [1]. Particularly, multi-walled carbon nanotubes (MWCNT) in polymeric 
composites offer some interesting added properties. They can be processed easily, 
strengthening and stiffening amorphous materials as well as semicrystalline polymers. With 
thermoplastics, MWCNT cross-linking changes viscosity, affecting dispersion, orientation, 
and therefore mechanical, thermal, and electrical properties [2]. In some cases, MWCNT act 
as nucleating agents or as inner filters / antioxidants, disperse and distribute highly oriented, 
increase the yield and tensile strength, the Young’s modulus, the photo-oxidative durability, 
and the toughness [3]. These additional properties can be used to produce advanced 
materials with new applications in the most of the industrial sectors, with a particularly high 
incidence in electronics, automotive and textile.  
 
Morphological changes are the subject of discussion for semicrystalline polymers, but over 
the last years, it has become increasingly apparent the need to know how nanofillers modify, 
not only the final product, but its behaviour during aging. With this aim, the present work has 
focused in two main objectives: i) Manufacturing of MWCNT nanocomposites (included in 
thermoplastic polymer nylon6 (PA6)) and accelerated aging in weathering chambers, and ii) 
evaluation of the migration and/or release of nanoadditives during aging. To better 
understand the importance of compatibilization between the matrix and the nanomaterial, two 
nanocomposites containing pristine MWCNT (incompatible with the polar polymeric matrix) 
and a MWCNT-PA6 masterbatch (well dispersed MWCNT in the polymeric matrix) have 
been generated. The work presented here will be on the migration and/or release of 
nanoadditives from the polymeric matrix and the role of dispersibility in these processes 
when the polymers are submitted to accelerate aging conditions. Furthermore, toxicological 
evaluation of released MWCNT and physicochemical-toxicological properties relationship will 
be shown. Finally, this data will be used to perform an exhaustive life cycle assessment 
analysis. 
 
[1] Usuki, A et al. 1993. Swelling behavior of montmorillonite cation exchanged for ω-amino 

acids by ∊-caprolactam. Journal of Materials Research 8: 1174  
[2] Bhattacharyya, AR et al. 2003. Crystallization and Orientation Studies 
[3] Morlat-Therias, S et al. 2007. Polymer/CNT nanocomposites: Influence of CNT on EVA 

photodegradation, Polymer Degradation & Stability, 92(10): 1873-1882. 
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4 Characterisation in situ following exposure 

This session will address the challenges of detecting, identifying, quantifying and further 
characterising nanomaterials in situ in (sometimes very complex) matrices. It can be a 
combination of current work in method development, future needs and relevant 
characterisation endpoints. 
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4.1 Identifying and localizing intracellular nanoparticles using 
Raman Spectroscopy 
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Raman microscopy is employed to spectroscopically image biological cells previously 
exposed to fluorescently labelled polystyrene nanoparticles and in combination with K-means 
clustering and Principal Component Analysis is demonstrated to be capable of localising the 
nanoparticles and identifying the subcellular environment based on the molecular 
spectroscopic signatures.  
 
The neutral nanoparticles of 50nm or 100nm, as characterised by dynamic light scattering, 
are shown to be non-toxic to a human lung adenocarcinoma cell-line (A549), according to a 
range of cytotoxicity assays including Neutral Red, Alamar Blue, Coomassie blue and (3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). Confocal fluorescence 
microscopy identifies intracellular fluorescence due to the nanoparticle exposure, but the 
fluorescence distribution is spatially diffuse, potentially due to detachment of the dye from the 
nanoparticles, and the technique fails to unambiguously identify the distribution of the 
nanoparticles within the cells. Raman spectroscopic mapping of the cells in combination with 
K-means cluster analysis is used to clearly identify and localise the polystyrene nanoparticles 
in exposed cells based on their characteristic spectroscopic signatures.  
 
Principle component analysis identifies the local environment to be rich in lipidic signatures 
which are associated with localisation of the nanoparticles in the endoplasmic reticulum. The 
importance of optimised cell growth conditions and fixation processes is highlighted. The 
preliminary study demonstrates the potential of the technique to unambiguously identify and 
locate nonfluorescent nanoparticles in cells and to probe not only the local environment but 
also changes to the cell metabolism which may be associated with cytotoxic responses. 
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4.2 Migration of silver from a plastic food container after multiple 
use 
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Silver (Ag) in nanoparticular or ionic form is already introduced as an antimicrobial additive to 
a large quantity of consumer products, including plastic food storage containers. In most 
cases, the silver is only physically bound in the plastic polymer. It can therefore migrate to 
the food items, as is observed for other plastic additives (e.g. the phthalates).  

We investigated the migration of silver from a commercial food container to different food 
simulants by following the EU-directive on migration testing [1].  

In order to investigate the effect of multiple uses we designed an experiment for the food 
simulant with highest migration rate (worst case) by including storage and use cycles 
(repeated food storage for 10 days). Silver quantifications were performed by means of 
inductively coupled plasma mass spectrometry (ICP-MS) and morphology studies were done 
by transmission electron microscopy (TEM). 

 

Migration was largest for the acidic food 
simulant. After 10 days a maximum 
migration of 30 ng silver per cm2 contact 
surface was found for new boxes and 
2 ng/cm2 for reused boxes. A notable 
amount of silver could be detected as 
nanoparticles (see Figure 1) with the help 
of TEM imaging as well as micro droplet 
dispenser (MD)-ICP-MS. 

 

 
 

Figure 1: Nanoparticle aggregate detected in the 
food simulant by TEM 

We can deduce from our measurements that a worst-case acute consumer exposure to 
4.2 µg silver can result from storage of 100 mL food in a new silver-doped box of normal 
size. This means that exposure to ionic silver from silver-doped plastic containers will be 
negligible in comparison to the background exposure of the general population. However, 
since the toxicity of silver nanoparticles is yet not fully understood, the health risk of these 
new composite materials is still difficult to assess. 

 
[1] The commission of the European communities. Basic rules for overall and specific 

migration testing. Commission Directive 97/48/EC. Official Journal of the European 
Communities. Brussels, 29th of July, 1997.  
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4.3 Internalization of SiO2 nanoparticles by lung epithelial cells 
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In view of the considerable development of nanotechnologies it is important to evaluate their 
potential risk for human health. Our goal was to determine the endocytosis of nanoparticles 
(NPs) [fluorescently labeled silicium dioxide nanoparticles (SiO2) of two different sizes: 50nm 
and 100nm] by human lung epithelial cells (NCI-H292). 
 
We evaluated quantitatively (flow cytometry) and qualitatively (confocal microscopy) the 
endocytosis of silica NPs at non cytotoxic concentrations.  
 
To accurately quantify the uptake of NPs we developed new techniques to exclude NPs 
adsorbed on the cell surface to analyze only the internalization of the NPs. Firstly we used 
fluorescence quenchers which are unable to enter viable cells allowing the exclusion of the 
external fluorescence due to adsorbed NPs. Secondly, using Imagestream, a flow cytometer 
coupled to high resolution microscopy, we were able to study the uptake of NPs labeled with 
fluorochromes that are not allowing application of classic quenchers of fluorescence and 
even non fluorescent NPs.  
 
These new techniques allowed us to accurately quantify the internalization of silica NPs. This 
uptake is dose, time, size and energy dependent. However there are evidences of passive 
diffusion of NPs as internalization is not completely blocked by metabolic inhibitors. 
 
Considering rising comprehension about the role of the protein corona in the effect of NPs on 
the cells, we evaluated the internalization of NPs in the presence or absence of serum or 
surfactant. Using the fluorescent quenchers we observed that these biological fluids could 
modify the uptake of silica NPs. 
 
To determine which of the three major endocytotic pathways (clathrin dependent, caveolin 
dependent or macropinocytosis) is involved in the internalization of silica NPs we first used 
specific inhibitors for each endocytotic pathway. As by using specific positive controls for 
each pathway we have observed a poor specificity and efficacy of the inhibitors used we also 
treated cells with different siRNAs in order to determine the involved endocytotic pathway 
more precisely. Furthermore we determined the percentage of colocalization of fluorescent 
NPs with different molecules characteristic for each pathway.  
 
Comparing these different mechanistic approaches we could conclude that silica NPs are 
predominantly taken up by macropinocytosis. 
 
This work was supported by grants from EC FP7 project N°201335 (Nanotest) and EC FP7 
N°228789 (ENPRA) as well as national Grant “Nanotrans” and Anses N° EST-2010/2/079. 
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4.4 The fate of silver nanoparticles in the simulated human 
digestion 

 
Agata Walczak1, Remco Fokkink2, Zahira Herrera Rivera1, Ruud Peters1, Ivonne Rietjens3, 

Peter Hendriksen1, Hans Bouwmeesterr1 

 

1RIKILT- Institute of Food Safety, Wageningen UR, Wageningen, The Netherlands 
2 Laboratory of Physical Chemistry and Colloid Science, Wageningen UR, Wageningen, 

The Netherlands 
3 Division of Toxicology, Wageningen UR, Wageningen, The Netherlands 

Email: agatapaulina.walczak@wur.nl 
 
Silver nanoparticles (AgNPs) find many applications in the food industry- in food packaging 
and processing and as food additives, therefore oral administration is a relevant exposure 
route to AgNPs. Clearly, in a tiered risk assessment approach for NPs in food (as proposed 
by EFSA [1]), the first step is to understand the impact of digestion on the administered 
nanoparticles. 
The aim of the present study was to test the behaviour and fate of AgNPs in an in vitro model 
of the human digestion. For this, we adapted the well described in vitro gastrointestinal 
digestion model [2] and used it in two variants- with and without proteins. Citrate-stabilized 
60nm AgNPs, characterized with TEM and DLS, were used together with AgNO3 as an ionic 
control. After incubation in saliva, gastric and intestinal juices at 37°C, sizes and amounts of 
digested AgNPs and Ag-ions were carefully tested with DLS and Single Particle- ICPMS.  
 
Digestion, especially the acidic conditions in the stomach, had a great impact on the AgNPs. 
Without proteins, in saliva AgNPs had a hydrodynamic diameter of 60 ± 0.4 nm. In the gastric 
conditions the particles were much smaller (26 ± 2 nm), and their number decreased 11-fold. 
The same sizes and numbers of particles were retained during the intestinal incubation. 
In the presence of proteins this was clearly different. The sizes in saliva and stomach were 
the same (approximately 65 nm), but the number of particles in the stomach dropped from 
2440 ± 33 to 562 ± 49. In the intestine the particles had still similar size of 60 ± 2 nm, but 
their number increased to 2366 ± 108, back to the levels as present in the saliva stage. 
Surprisingly, for AgNO3 31 ± 3 nm particles were formed in the intestinal stage, only in the 
presence of proteins, in highly variable numbers within replicates (from 414 to 2678 range). 
This is suggesting a highly variable process. 
 
The digestion process turns out to have a critical impact on AgNPs and Ag+ ions, depending 
on the presence of proteins. Our model indicated that the form in which the AgNPs reach the 
intestinal side is different from their original form. Most probably, these particles are silver 
salt crystals. Moreover, regardless the initial form of administered silver (AgNPs or Ag+), the 
result of the digestion is similar- particles are formed in the intestine. These findings have 
important implications for the design of in vitro exposure and translocation studies conducted 
to evaluate the health impact of orally administered AgNPs. It becomes clear that for this 
purpose intestinal cells in vitro should not be exposed to pure AgNPs only.  
 

[1] EFSA Scientific Committee, 2011. Scientific Opinion on Guidance on the risk assessment 
of the application of nanoscience and nanotechnologies in the food and feed chain. EFSA 
Journal 9(5): 2140 
[2] Versantvoort, C. et al. 2005. Applicability of an in vitro digestion model in assessing the 
bioaccessibility of mycotoxins from food. Food Chem Toxicol. 43(1): 31-40.  
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5 Beyond non-specific Hazards 

This session will address issues that go beyond non-specific toxicity and addresses 
questions like immune-activation or suppression, interaction with cellular signalling 
pathways and the hormonal and / or developmental systems. Also the question of how 
we can address issues of chronic or delayed impacts is of interest. 
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5.1 Biological responses induced in bronchial epithelial cells by 
carbon black and titanium dioxide nanoparticles: similar 

outcomes but distinct molecular pathways 
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Although there is rapid transfer of technical research to consumer products in the sector of 
nanotechnology the understanding of occupational and environmental health effects of the 
nanoparticles (NPs) is still a neglected field.  
 
We studied pro-inflammatory, oxidative and cytotoxic effects induced by well characterized 
carbon black (CB) and titanium dioxide (TiO2) NPs of different sizes in human bronchial 
epithelial cells (primary cells and 16HBE14o- cell line).  
 
Both types of NPs induce pro-inflammatory (dose dependent mRNA expression and 

secretion of GM-CSF) and oxidative stress responses (mRNA expression of HO-1 and O2
 

production). These responses are size dependent and are highly correlated with surface 
area. Moreover, the NP induced pro-inflammatory response is oxidative stress dependent.  
 
We demonstrated that both CB and TiO2 NPs induce cytotoxicity in bronchial epithelial cells 
in a size and dose dependent manner through apoptosis induction. Cells exhibit decrease in 
cell size, peripheral chromatin condensation, caspase activation and DNA fragmentation. A 
decrease in mitochondrial membrane potential, activation of Bax and release of cytochrome 
c from mitochondria were only observed in case of CB NPs whereas lysosomal membrane 
destabilization, lipid peroxidation and release of cathepsin B was only observed for TiO2 NPs.  
Furthermore, reactive oxygen species (ROS) production was observed after exposure to CB 
and TiO2 but H2O2 was only implicated in apoptosis induction by CB NPs. Thus, although the 
final outcome might be the same (apoptosis), the molecular pathways activated by NPs differ 
depending upon the chemical nature of the NPs. CB NPs induce apoptosis by a ROS 
dependent mitochondrial pathway whereas TiO2 NPs undergo cell death through lipid 
peroxidation and lysosomal membrane destabilization. 
 
In conclusion, our results demonstrate the significance of surface area and reactivity in 
cellular responses and emphasize the need of studying molecular pathways induced by NPs 
rather than only monitoring the final outcome after exposure. 
 
Supported by national grant ANR 0599-5 SET024-01 and FP7 projects N° 201335 
(NanoTest) and FP7 N°228789 (ENPRA). 
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5.2 Toxicity and tissue Distribution of Inhaled Micro- and Nano-
sized Cerium Oxide Particles in Rats: Results from a 28-day 
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In order to obtain more insight into local and systemic toxicity as well as in the tissue 
distribution, accumulation and elimination of cerium oxide nanoparticles after inhalation 
exposure, blood and tissue kinetics were investigated during and after a 28-day inhalation 
study in rats with micro and nano cerium oxide particles (nominal primary particle size: 615 
nm, 28 nm, 45 nm). 
 
The aerosolization of dry powders resulted in comparable mass median aerodynamic 
diameter (1.40 μm, 1.17 μm, 1.02 μm). After a single exposure, approximately 10% of the 
inhaled dose was measured in lung tissue, as was also estimated by a particle dosimetry 
model (MPPD). 
 
Though small differences in pulmonary deposition efficiencies of cerium oxide were 
observed, no consistent differences in pulmonary deposition between the micro and nano 
cerium oxide particles were observed. Each cerium oxide sample was also distributed to 
tissues other than lung after a single 6 h exposure, such as liver, kidney and spleen and also 
brain, testis and epididymis. No clear particle size-dependent effect on extrapulmonary tissue 
distribution was observed. 
 
Repeated exposure to cerium oxide resulted in significant accumulation of the particles in 
both the pulmonary and extrapulmonary tissues. In addition, tissue clearance was shown to 
be slow, and, overall, insignificant amounts of cerium oxide were eliminated from the body 
after 48-72 h post-exposure. In addition, inflammatory responses were only observed in the 
lung, that persisted during the two weeks post exposure period 
 
In conclusion, no clear effect of the particle size or surface area on pulmonary toxicity, 
deposition and extrapulmonary tissue distribution could be demonstrated. This is most likely 
explained by the similar aerodynamic diameter of the cerium oxide particles in air, as a result 
of the formation of aggregates. The implications of the accumulation of cerium oxide particles 
for systemic toxicological effects after repeated chronic exposure via ambient air is significant 
and requires further exploration. 
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5.3 Effects of silver nanoparticles in primary mixed neural cultures: 
Oxidative stress and interference with calcium signalling 
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Andreas Taubert5,6 , Andreas Luch1 and Georg Reiser2 
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5University of Potsdam, Institute of Chemistry, Potsdam-Golm, Germany, 
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Nanoparticles after systemic uptake may affect secondary target organs such as the central 
nervous system (CNS). Transport of nanoparticles into the CNS seems possible via different 
routes. However, only very few studies have investigated the effects on neural cells so far.  

Here, we analyze the effects of silver nanoparticles (SNP), which are among the most 
commercialized nanoparticles, in primary mixed cortical neural cultures obtained from cortex 
of 1- to 3-day-old Wistar rats. We studied the uptake of SNP of two different sizes (20 nm 
and 40 nm) as well as the cellular effects with respect to cytotoxicity, development of 
oxidative stress and calcium responses. Gold nanoparticles were included for comparison 
reasons.  

We observed strong cytotoxicity towards SNP, which was dependent on the SNP size and in 
the lower dose range (up to 10 µg/ml SNP) also on the differentiation state of the neural 
cells. In addition, we could visualize ROS formation directly in living cells. We support this 
with biochemical studies. 

We detect fast formation of protein carbonyls and induction of heme oxygenase 1 (HO-1), 
which are both established stress markers. The formation of oxidative stress is of special 
concern since in the CNS it is tightly linked with neurodegeneration and with the onset and 
progression of diseases such as Alzheimer or Parkinson. 

Furthermore we observe an acute calcium response after SNP addition, which clearly 
precedes ROS development, suggesting that SNP interfere with intracellular signalling 
processes. Gold nanoparticles in comparison prove mainly inert. Via immunofluorescence 
studies we could show that in the lower dose range (up to 10 µg/ml SNP) mainly the 
astrocytes were affected while neuron morphology was still intact. TEM studies confirmed 
that astrocytes but hardly neurons take up the SNP. 

Based on our data we conclude that neural cells are highly sensitive towards treatment with 
SNP. Further investigations are required to understand the underlying molecular 
mechanisms of these responses.  
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5.4 Bioavailability and toxicity profiles of silver nanoparticles in 
rats after twenty-eight-day oral exposure 
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In this study, we investigated whether silver nanoparticles (AgNPs) can pass the intestinal 
barrier, accumulate in tissues and induce toxicity. For this, rats (n=5) were exposed to <20 
nm, non-coated AgNPs or <15 nm PVP-coated AgNPs ([Ag]=90 mg/kg bw) for 28 days. 
Since ~10% of the Ag in the AgNP solutions is present in an ionic form, a third group of rats 
obtained Ag ions (AgNO3) equal to this fraction. As a negative control, rats obtained the 
carrier solution. Dissection was either at day 29 or at day 36 or 84. The latter two dates were 
selected for studying the wash-out. 
 
Measurements by AAS demonstrated the presence of silver in all organs examined, with 
highest levels in the liver and spleen for each of the three treatments. At day 84, the silver 
content was decreased in most organs, but remarkably not in the brain and testis. The 
AgNP- and silver ion-treated groups had equal silver contents in the tissues, indicating that in 
AgNP exposed rats mainly dissoluted silver ions, and to a much lesser extent AgNPs, 
passed the intestinal barrier. 
 
Single Particle-ICPMS was used to detect AgNPs in the gastro-intestinal (GI) tract, liver, 
spleen, kidney, lungs and blood. Remarkably, AgNPs were not only found in the GI tract and 
liver of AgNP exposed rats, but also in the rats exposed to silver ions, demonstrating the 
formation of silver containing NPs from silver ions in vivo. AST, ALT, cytokine- and antibody 
testing in blood, lymphocyte proliferation and NK cell activity analysis did not reveal any 
acute- or immunotoxicity. 
 
In contrast, whole genome mRNA expression analysis showed several effects of the AgNPs 
and Ag ions on the liver after 29 and 84 days, with specific responses to the two types of 
particles, implying a distinct influence of the coating and/or size of the particles. The 
biological interpretation of these data is in progress.  
 
In conclusion, most likely AgNPs are predominantly bioavailable as silver ions, signifying 
equal exposure risks for AgNPs and silver ions. Nevertheless, transcriptomics analysis 
indicates that further research on the influence of coatings and the size of AgNPs is 
necessary to ascertain that the toxicity risks of AgNPs and silver ions are indeed equivalent. 
  

mailto:meike.vanderzande@wur.nl


 

 

 

 

Abstract Book - 33 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

6 Stakeholder Needs and Risk Assessment  

This session will address the duality in risk assessment where industry stakeholder 
needs sometimes match those of research and regulatory risk assessors and sometimes 
are perceived as being opposed, contradictory or onerous. This session will include 
presentations from two invited persons from small to medium enterprises (one 
production, one using MNM), and one from regulators and researchers. 
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6.1 Review of Nanomaterials Under the Toxics Substances Control 
Act  

Maria J. Doa 
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Under the Toxic Substances Control Act (TSCA), before a new chemical is commercialized a 
manufacturer or importer must submit a new chemical notification to the United States 
Environmental Protection Agency (EPA) for review. TSCA requires that EPA determine, 
before the chemical substance is commercialized, whether it presents or may present an 
unreasonable risk to human health or the environment. 
 
EPA assesses potential toxicity, exposure to workers, environmental and general population 
exposure, and potential consumer exposure.  There is no base set of toxicity or 
environmental fate data that must be provided with the notification.  EPA often must make its 
TSCA determination without toxicity data on the specific chemical substance.  In the absence 
of such data, EPA may make the determination based on existing data for analogs.  
 
This is often challenging for nanomaterials given the insufficient characterization of 
nanomaterials in many published toxicity studies, as well as the impact of the attributes of 
nanomaterials in characterizing exposure. More tailored assessments are dependent upon 
improved identification of nanomaterials, better physicochemical characterization, improved 
methods for exposure assessment for humans and the environment, and toxicity testing 
guidelines that reflect the attributes of nanoscale materials.  
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6.2 Nano-TAB: Standardizing a File Format to Enable 
Nanotechnology Data Sharing 
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The field of nanomedicine faces many challenges in the development of standards to support 
meaningful data submission and information exchange.  Numerous physico-chemical, in 
vitro, and in vivo assays must be addressed, with measurements currently dependent on 
non-standardized protocols and diverse technology types.  Representing Structure-Activity-
Relationships (SARs) in nanomedicine, in particular, is critical to understanding the effects of 
nanomaterial structure on biological activity.Unfortunately, information describing the 
nanomaterial including functionalizing entities and 3D structure is often represented in an 
undisciplined fashion.  This lack of standardization has been a significant deterrent to 
meaningful data sharing across the nanotechnology community; few publications contain 
sufficient information to enable adequate interpretation of results and successful 
achievement of experimental reproducibility. 

The nano-TAB effort aims to address data sharing challenges in nanotechnology by 
providing a standard means for identifying nanomaterials and characterizations in a tab-
delimited format.  nano-TAB is based on existing standards developed by the European 
Bioinformatics Institute (EBI) and the Investigation/Study/Assay (ISA-TAB) file format, which 
represents a variety of assays and technology types.The nano-TAB specification leverages 
ISA-TAB files describing investigations, study-samples, and assays and provides extensions 
to support nanomaterial structural information and assay measurements from the 
Washington University NanoParticle Ontology (NPO). The nano-TAB standard specification 
will enable the submission and exchange of nanomaterials to/from nanotechnology 
resources like the NCI’s caNanoLab nanotechnology portal and the Oregon State 
Nanomaterial-Biological Interactions (NBI) knowledgebase; empower organizations to adopt 
standards for representing data in nanotechnology publications; and provide researchers 
with guidelines for representing nanomaterials and characterizations to achieve cross-
material comparison. 

The nano-TAB effort is a collaboration between a variety of organizations including the NCI, 
Washington University, Oregon State University, ONAMI, NIOSH, Stanford, and ISA-TAB.  
nano-TAB is registered as an ASTM Work Item, which facilitates a broad community 
outreach and input to the development of nano-TAB and other standards needed to support 
nanomedicine.  
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6.3 NanoSafetyVision:Toxicity Testing of Engineered Nanoparticles 
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Within the NanoSafetyCluster of the EU, a vision was developed for the adequate 
assessment of the impact of ENP on human health and the environment. In the context of 
REACH, a testing strategy for ENP should consider the procedure established for 
conventional chemicals expanded to address the specific peculiarities of ENP.  One 
prominent peculiarity of ENP is the fact that, during the life-time of an ENP, the exposure can 
be to different forms. Since a multitude of different scenarios is expected, all-embracing 
testing will not be possible. Hence, testing must be targeted to the actual concerns with an 
ENP.  

Existing testing methods will need revisions and additions (e.g. dispersion protocols, 
persistence and kinetics) and for certain effects general concepts for ENP may be 
established (e.g. lung cancer and cardiovascular effects). Environmental monitoring may be 
needed to verify the effects detected in the labs. Moreover, several trends in toxicology will 
be relevant for nanomaterials and other chemicals a ike (e.g. epigenetic effects). 

A concern-driven testing strategy is envisioned, with focussed studies addressing concerns 
based on exposure, material-properties, biopersistence and kinetic data as well as early and 
apical biological effects. These data will be used to (i) identify concerns and to choose the 
right toxicological studies to be performed. Moreover these data will be used to (ii) define 
adverse outcome pathways and to (iii) aid grouping of ENP on a scientific basis. Every 
testing method will have to prove its relevance for these.  
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6.4 Therapeutic nanoparticles: an overview of their toxicity 
assessment in patents 
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Among the objectives of NanoImpactNet (NIN), there are identifying knowledge gaps and 
strategies to address them, as well as developing strategies to improve access of 
researchers to the health data existing within industry. We present here the results of a 
bibliographic study on the state of the art of nanoparticles for therapeutic applications, which 
are either in clinical, preclinical or under development. For the latter, we have searched 
patents filed on nanoparticles for therapeutic applications. In particular we were interested in 
the toxicity assessment of these developed nanoparticulate systems, whether such 
evaluation is present or not in the patents, which tests were used or which references were 
used to claim safety. 
 
Since the 1990s, a little less than 30 nanoparticulate therapeutic systems have reached the 
clinic [1-4]. While a majority consists of polymeric formulation, with more than one third being 
PEGylated versions of known and/or approved drugs, 3 iron oxide nanoparticle systems are 
approved and used in clinic today for MRI. As more and more nanoparticulate systems are in 
clinical trials, preclinical assessment and under development, concern about their toxicity 
assessment is great and should be addressed urgently. In a preliminary study, about 300 
patents were retrieved by crossing international classes from human medicine A61K and the 
new nanobiotechnology and nanomedicine tag B82Y5, and searching for keywords. While 
approximately 2/3 were filed by industries and a majority included claims such as “these 
nanoparticles are safe”, “not toxic” or “have reduced toxicity”, only 5% included toxicity 
assessment. For a majority, the latter was a cytotoxicity evaluation of the nanoparticles in cell 
lines, using well known viability tests for an exposure up to 72h. A small number of patents 
showed results of acute toxicity in rodents, mostly in the case of cancer therapy where the 
nanoparticulate formulation exhibits reduced acute toxicity compared to the free drug. 
 
In an extensive search of filed patents, we have looked at how many of these included 
physicochemical characterization of the particles, toxicity assessments as well as the tests 
employed. In the case where no toxicity assessment was present, whether claims were 
referred to published literature or other patents. Finally we have looked at whether these are 
mainly issued by academia or industry and from which geographic region. As part of the NIN, 
we need to know where Europe is standing today and which recommendations could be 
proposed to ensure a safe and successful development of therapeutic nanoparticles. 
 
 [1]  Heidel, J.D et al.  2011.  Clinical Developments in Nanotechnology for Cancer Therapy. 

Pharmaceutical Research 28: 187–199 
 [2]  Vicent, M.J et al.  2009.  Polymer therapeutics: Clinical applications and challenges for 

development. Advanced Drug Delivery Reviews 61: 1117-1120 
 [3]  Wang, A.Z et al.  2012.  Nanoparticle Delivery of Cancer Drugs. Annual Review of 

Medicine 63: 7.1-7.14 
 [4]  Junghanns, J.-U. A. H et al.  2008.  Nanocrystal technology, drug delivery and clinical 

applications. International Journal of Nanomedicine 3: 295–309 
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6.5 Can current risk assessment tools for nanomaterials in the 
workplace provide the answers stakeholders need? And what if 

not? 
 

Jeroen Terwoert1, Anja Dijkman1 
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Introduction: 
Companies are legally obliged to prepare risk assessments and to take appropriate 
measures to control health risks to workers where needed. This obligation applies to 
handling nanomaterials as well. However, current knowledge of hazards and exposure 
potential of nanomaterials is far from complete [1]. In recent years, various tools have been 
developed which enable companies to prepare preliminary risk assessments for 
nanomaterials; generally based on a ´Control Banding´ approach [2]. In addition, prototype 
measurement devices and provisional occupational exposure limits have become available 
[3,4]. Not surprisingly given the current state of knowledge, preliminary experiences with 
these tools have learned that they may provide different answers in similar situations. This 
has resulted in uncertainty and questions, and in discussions between major stakeholders 
such as companies, Labour inspection, policy makers, and the developers of the tools. 
Questions include: ´How to carry out risk assessment for nanomaterials, which measures to 
take, and how far should ´precaution´ go?´ (companies), and ´What to enforce? What can we 
really demand from companies?´ (Labour inspection).  
Methods: 
The approach and the underlying assumptions of six currently available tools for risk 
assessment of nanomaterials at the workplace were assessed and compared [2]. The results 
were fed into a workshop at which a dialogue between major stakeholders was facilitated [5]. 
Prior to as well as after the workshop, a concise questionnaire was completed by the 
stakeholders.  Discussions at the workshop focused on how to operate, how to control 
potential health risks and how to act upon uncertainties and allocate responsibilities in a 
situation in which the currently available tools cannot provide definite answers yet. 
Companies using the risk assessment tools exchanged first experiences. The need and 
potential for additional agreements or facilities - e.g. the establishment of  a permanent 
platform for deliberation - was discussed. 
Results, discussion, conclusion: 
The features and differences of the current six tools for nano-risk assessment will be shortly 
explained, as well as their result on the outcome of provisional risk assessments. The focus 
will be put on the results of the questionnaire and the workshop discussions, which will be 
reported and discussed. The opportunities for translating the current, rather abstract, 
theoretical governance models [6] into practical guidance for the governance of uncertain 
(nano-) risks at company-level will be considered. 
 
[1]  Aitken, R.A. et al., 2011, REACH RIP-oN3 final report.  
[2]  Brouwer, D.H., 2011, Nano Control Banding tools, TNO, Zeist, Netherlands.. 
[3]  Marra, J. et al., 2009, J. Nanopart. Res., published online: 15th. July 2009. 
[4] Dekkers, S. & C. de Heer, 2010, Provisional nano reference values; usefulness of the 

concept and of the published methods [in Dutch], RIVM, Bilthoven, Netherlands. 
[5] Expert workshop Use of nano tools, November 1, 2011, Amersfoort, Netherlands. 
[6] Renn, O. et al., 2005, Risk governance; towards and integrative approach;IRGC, Geneva. 
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7 Symposium (A): Nanosafety issues for paints and 
coatings (NanoHouse project) 
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7.1 Presentation of NanoHouse project 
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NanoHouse collaborative project is funded by the European Commission in the frame of FP7 
programs: NMP-2009-1.3-1 & ENV.2009.3.1.3.2  

"Activities towards the development of appropriate solutions for the use, recycling and/or final 
treatment of nanotechnology-based products". 

This project started January 2010 for a duration of 42 months (until 06/2013) and a total 
budget of 3.1 M€. NanoHouse project aims at promoting a responsible and sustainable 
development of nanomaterials in building industry through a Life Cycle Thinking approach. 

The nine partners involved in NanoHouse project are generating missing data on the 
potential exposure levels and the hazard due to this chronic exposure for 3 nanoparticle 
types: nano silver, nano silica and nano titanium dioxide contained in indoor and outdoor 
coatings and paints. 

Both direct and indirect exposures (through the environment to human: vegetables, drinking 
water) are considered. 

The short presentation will present the objectives of the NanoHouse projects. 
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7.2 Life cycle thinking on façade coatings based on nanomaterials 
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Email: claudia.som@empa.ch 

 

Innovators in industry are rapidly moving forward to take advantage of the new opportunities 
offered by nanotechnologies, also for façade coatings. 

On the one hand, the increasing use of engineered nanomaterials (ENMs) in consumer 
products has raised certain concerns over their safety to human health and the environment. 

There are currently a number of major uncertainties and knowledge gaps in regard to 
behavior, chemical and biological interactions and toxicological properties of ENMs. Knowing 
full well that today innovators have to take decisions in a timely manner, we present a set of 
criteria that should be useful in systematically analyzing and interpreting the state of the art 
on the effects of ENM on health and the environment. 

On the other hand, nanomaterials are expected to contribute to ecological sustainability 
(“green” products and processes), by saving energy and materials and to minimize the 
production of wastes and hazardous emissions. 

The method of Life Cycle Assessment (LCA) is a suitable approach that allows one to 
quantify the ecological sustainability of ENM-based façade coatings compared to 
conventional façade coatings. In addition to the current state of the art of Life Cycle 
Assessment data on ENM, we present the planned data gathering in the NanoHouse project 
(for nanoAg, nanoSiO2, nanoTiO2). 
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7.3 Release of nanoparticles from paints and coatings (methods) 
 

F. Tardif, L. Golanski, A. Guiot, M. Pras 
 

CEA-Grenoble, Liten, 17 rue des Martyrs, F38054 Grenoble Cedex09, France 
Email: Francois.tardif@cea.fr 

 

In the frame of NanoHouse project, CEA developed different methods to evaluate the release 
ability of nanoparticles from nano products by wet and dry abrasions in order to mimic 
realistic solicitations in use. The objective of developing such measurement techniques is 
double: optimization of the “hooking” of the nanoparticles in the matrix and perhaps one day, 
qualifying the nano products before any market introduction. 

In this work, new practical solicitations are investigated on the basis of a theoretical 
approach of the release phenomena in dry conditions of nanoparticles just deposited on hard 
and soft surfaces (the "micro football kick out effect"). It is shown that a metallic rake used 
roughly on both hard and soft nanomaterials surfaces can be 10 times more efficient than the 
Taber method. Nanoparticles smaller than 50 nm are almost impossible to remove even 
using very rough solicitations. 
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7.4 Release of nanoparticles from paints and coatings (results) 
 

L. Golanski1, M.Pras1,2, A.Guiot1, N.Scheer1, A. Ferrari3, F.Tardif1 
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 CEA LITEN, Grenoble, Franc 
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Within the EU funded FP7 NanoHOUSE project, focused on nano-based paint and coating 
products for facades, an important experimental work is devoted to the quantification of NP 
(nanoparticles) release during the use and ageing of indoor and outdoor coatings. 

Nano-based paints, formulated by the industrial partners involved in the project were applied 
on suitable panels. Coated panels were then exposed to UV light, weathering and submitted 
to abrasion tests according to available ISO standard. Other mechanical stresses considered 
realistic but not standard like scratching and mechanical shocks were applied as well. 
Releases from paint products and coatings containing different types of NP: TiO2, SiO2, Ag 
and nanofillers CNT (Carbone Nanotubes) were investigated under these mechanical and 
environmental solicitations. 

Release depends of the intensity of the mechanical stress and of the nanomaterial matrix 
properties. As could be expected release of free NP from paints matrix in the air for normal 
use is neglictible. Very low release of micronic and submicronic particles even after hard 
abrasion and no free NP were detected if paints presenting high quality in terms of 
degradability. However from some paints after applying a hard abrasion simulating sanding 
or aggressive use release of free nano. and agglomerates of NP was observed (Fig.1). 

 

Fig.1 Observation of abraded particles from paint on TEM (Transmission Electron Microscopy) grid 

 

Release becomes more difficult if the dispersion of the nanoparticles in the polymer matrix is 
well controlled and if the matrix itself does not release nanoparticles.   

Paints were submitted to abrasion before and after indoor UV and outdoor aging. The rate of 
UV degradation is specific to polymer matrix and could potentially increase the release.  

First results obtained for one paint containing nano SiO2 and for harsh abrasion showed that 
the outdoor aging induces a significant release of submicronic and micronic particles but less 
of nanoparticles. Indoor UV did induce a slight increase in the release of nanometric 
nanoparticles in the air from this paint. Other paints containing SiO2, Ag will be analyzed and 
release of NP estimated.  
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7.5 Behavior of pristine and aged nanoparticles in the environment 
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The environmental behavior of nanomaterials has been already studied quite extensively, 
however, almost all research has been done using pristine materials obtained after 
synthesis. However, under real-world conditions nanomaterials are incorporated into 
products, altered by environmental factors and then possibly released into the environment. 
 
The aim of this work was to characterize nanomaterials released from paints during 
weathering (UV, elevated temperature, water), study their behavior in the environment (fate 
in aquatic systems, in soils, and transfer into plants) and compare them to pristine materials. 
 
Aged materials were either obtained from climate chamber weathering experiments with 
large panels (1 x 2 m) or from extraction of aged and powders paint. In addition nanoparticles 
tracers using radioactive metals or fluorescent labels were synthesized and tested for 
studying the behavior in soil and water systems. TiO2 nanoparticles with SiO2 fluorescent 
core were synthetized and used to study the transport in a sand column at very low 
concentration (<50ppm). 
 
Under these conditions 90% of highly agglomerated TiO2 nanoparticles were able to pass 
through the column and aren’t retained in the porous media. 
Paints containing nano-SiO2 and nano-TiO2 were compared to paints with the same 
composition but without nanoparticles. Both the nano-SiO2 and nano-TiO2 paints leached 
only very low amounts of particles in the weathering experiments. Less than 1.8% of total 
SiO2 and 0.03% of the total TiO2 was leached during the accelerated weathering 
(corresponding to 1-2 years weathering outdoors). 
 
The extraction of aged paint yielded higher amounts of particles that could be characterized 
using TEM. Concerning the transfer of nanoparticles into plant, the foliar transfer of pristine 
TiO2 (anatase) and Ag° nanoparticles was studied using lettuce (Lactuca sativa) as a model 
crop species. Both types of nanoparticles were able to penetrate inside the leaf tissue, and 
Ag° nanoparticles induced some necrosis. Changes in speciation were observed for Ag° 
nanoparticles but not for TiO2..  
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7.6 First toxicological results on actual released nanoparticles 
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First, we investigated the potential interfering effects of nanoparticles on different LAL assay 
methodologies and evaluated another – non LAL-based – method to assess endotoxin 
contamination. We have shown that particles have the potential to interfere with the gel clot 
LAL assay at elevated – but not excessive high – particle concentrations. Likewise, an 
endotoxin extraction protocol, including shaking and centrifugation of the particle formulation, 
seems to be inadequate for particle-containing samples. We also found that the 
chromogenic-based LAL endotoxin detection systems (chromogenic LAL assay and 
Endosafe-PTS) reports no interfering effect at all applied particle concentrations. 
Furthermore, we demonstrated that TLR4 reporter cells could – in many instances – be a 
convenient alternative to the commonly used LAL assay.Subsequently, we assessed the in 
vitro cytotoxicity of pristine ENPs (TiO2, Ag, SiO2) and an aged paint sample containing TiO2 
ENPs, using a monoculture of human pulmonary epithelium (16HBE) and bicultures of 
pulmonary epithelium and monocytes (THP1). Silver NPs caused significant cytotoxic effects 
starting at a, relative high, concentration of 100 µg/ml, while TiO2 showed some cytotoxic at 
the highest applied concentration (243 µg/ml). The pristine SiO2 aged TiO2-containing paint 
did not cause cytotoxic effects.  

In vivo we worked out a protocol to expose mice dermally to ENPs in an existing protocol of 
chemical-induced sensitization (Local Lymph Node Assay, LLNA). Pristine ENPs were 
topically applied at the base of each ear before receiving dermal applications of the chemical 
dinitrochlorobenzene (DNCB) (on both ears: 2x25 µl 0.1%) or its vehicle (acetone olive oil 
(AOO)) on days 1, 2 and 3. On day 5, the lymphocyte proliferation was determined as a 
measurement of sensitization. An slight increase of lymphocyte proliferation was seen in the 
AOO-treated mice at the highest applied TiO2 concentration (40 mg/ml) compared to control 
AOO-mice without TiO2 application. DNCB sensitization resulted in lymphocyte proliferation, 
which was further – significant - increased (approx. 2 fold) after topical application of TiO2 (4 
mg/ml) before DNCB sensitization. No increase of sensitization was seen after Ag and SiO2 
application. 

Different parameters, such as cell viability, cell activity, cell morphology, inflammation, 
release of reactive oxygen species (ROS) had been examined for the determination of the 
acute cytotoxicity under in-vitro conditions. In a first step the influence of titanium dioxide 
containing paints and photocatalytically nanotitanium dioxide, as well as titanium dioxide 
pigments on cells of the gastrointestinal tract (CaCo-2-cells) and immune cells (T-
lymphocytes, Jurkat-cells) had been investigated. 

No effect in cell viability was observed, when CaCo-2-cells and Jurkat-cells were exposed to 
nanotitanium containing paints up to 243 µg/ml for 48 hours. Cell activity of CaCo-2-cells was 
slightly reduced, when cells had been exposed to 243 µg/ml nanotitanium dioxide. Cell 
activity of Jurkat-cells was slightly affected, when cells had been exposed to 243 µg/ml for 48 
hours. After exposure of CaCo-2-cells to nanotitanium dioxide (243 µg/ml) for 48 hours, cells 
released small amounts of interleukin 8 (IL-8). However, no inflammation response was 
observed, when cells had been exposed to titanium dioxide containing paints. This was also 
true for the Jurkat-cells. When CaCo-2-cells were exposed to the highest nanotitanium 
dioxide concentration, a higher release of reactive oxygen species could be observed. 
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However, no response was observed, when the Jurkat-cells had been exposed to the 
different titanium dioxide containing paints. 

At the moment we are working exposing cells and animals with aged paint samples 
containing these nanoparticles.  
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7.7 End of life management of paints and coatings containing 
nanofillers 
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Products containing engineered nanoparticles (ENPs) may, similarly other types of materials 
and products, inevitably come to the end of their useful life. This means that nanofillers used 
in paints and coatings may potentially enter the waste stream and find their way into e.g. 
incinerators or landfill. Although several publications have provided important information on 
ENPs characterization, fate and potential toxicity, and proposed suitable research strategies 
for evaluating the safety of nano-based products, the management of waste containing ENPs 
(e.g. quantification of nanowaste stream, uncontrolled release of ENPs into the environment 
from nanowaste stream) remains largely unaddressed. In addition, enterprises haven’t 
developed regulations aimed at managing end of life of marketed nano-based products, as 
paints containing inorganic nanofillers. 
 
Within the EU-funded NanoHouse project (Life cycle of nanoparticle-based products used in 
house coating) aimed at developing appropriate solutions for a safe and sustainable use of 
nano-based coatings according to Life Cycle Thinking (LCT), the leaching behaviour of paint 
debris containing TiO2, SiO2 and Ag ENPs is addressed as a function of liquid-to-solid (L/S) 
ratio. In detail, the literature research carried out during the project showed that there is a 
general introduction of nanowaste issues within the waste management community, but no 
quantification of nanowaste stream volumes. In this context, several leaching tests can be 
used for research studies or for regulatory purposes. In our work, we analyzed the leaching 
behaviour of TiO2, SiO2 and Ag ENPs from three different paint debris in batch experiments 
applying a standard procedure UNI EN ISO 12457:2002 used for characterization of granular 
solid waste disposed in landfill. 
 
In detail, plastic panels were coated with 0.3 kg/m2 of paints containing the listed above 
ENPs, in two layers without primer. After drying in indoor ambient, paint was removed by 
plastic spatula and collected. Paint debris were sieved to obtain powders smaller than 4 mm. 
Paint powders samples were then placed in contact with demineralised water in a cumulative 
ratio of L/S = 10 L/kg, i.e. two-step L/S = 2 L/kg plus L/S = 8 L/kg, in a closed leak-proof 
bottle according to the UNI EN ISO 12457-3:2002. The leachates were collected in order to 
analyse the size distribution, and to quantify the amounts, of released ENPs by a set of 
different techniques and methods, such as Scanning Electron Microscopy (SEM), 
Transmission Electron Microscopy (TEM), Dynamic Light Scattering (DLS) and Inductively 
Coupled Plasma (ICP). 
 
On going analysis highlights the urgent need to develop specific protocols for waste 
containing ENPs, as  standard tests could not be suitable to predict the fate of ENPs 
disposed in landfills. 
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8 Symposium (B): Engineering Black carbon 
Nanoparticles; Approach, Advantage and Risks 
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8.1 Flames Synthesis of Nanomaterials 
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The paper presents original results in the field of synthesis of fullerenes, carbon nanotubes 
and superhydrophobic soot in hydrocarbon flames as well as self-propagating high-
temperature synthesis of nanomaterials obtained in last years at the Institute of Combustion 
Problems. 
 
During the last few years there are over 150 articles on SHS of nanomaterials were 
published. In SHS like in powder metallurgy the important role plays dimensions of particles 
of reagent products. In this regard SHS is close to nanotechnology. Reducing of dimensions 
of the particles is a topical task since dimensional effects are essentially influence on SHS 
process as well as on properties of receiving materials [1]. Author presents investigation 
results of different functional purposes carbon nanomaterials: 
 

- Synthesis of fullerenes in flame. 
- Synthesis of carbon nanotubes in flame. 
- Synthesis of superhydrophobic carbon surface in combustion regime. 
- SHS of nanodimensional materials. 
- Formation of fibriform crystals Al2O3 under SHS in Al-B2O3-Cr2O3 system. 
- Synthesis of nanodimensional catalysers for carbon dioxide conversion of methane to 

synthesis gas. 
 
Author summarizes that fullerenes and carbon nanotubes synthesis in flame presents 
alternative technologies to existing methods of synthesis in graphite electric arc. SHS of 
nanopowders of metal oxides and catalysers is an alternative to common technology of 
inorganic compounds and materials. So, the outstanding characteristics of alternative 
technologies are: 
 

- Application of chemical energy of combustion processes instead of electrical. 
- The simplicity of hardware due to absence of outer heat sources.  
- The high speed of process. 

  

 
 
 
 
 [1] Sychev A.E., et al. 2004. Samorasprostranyauschyisya vysokotemperaturnyi sintez 

nanomaterialov. Uspekhi khimii: V.73, #2. 157-170  
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8.2 Size and surface area characterization of Carbon nanoparticles 
produced by spark generation 
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It has been generally accepted that the physical properties of engineered nanoparticles can 
be important with respect to the industrial usage of these particles, the potential hazardous 
health effects when inhaled [1] and their fate when they are released in the environment. It 
has been further suggested that toxicity may be explained by the significant increase in the 
surface area and therefore surface reactivity of the nanoparticles with decreasing particle 
size. The objective of this work was to demonstrate results of a novel technique regarding 
size and surface area characterization of generated nanoparticles by spark generation. 
Carbon nanoparticles were generated by a Novel Spark Generator designed specifically to 
produce sparks between the two graphite electrodes at a variable frequency. Generation of 
either monodisperse or polydisperse particles is made possible by controlling the energy 
released in the spark.There are many techniques for size characterization of nanoparticles, 
such as TEM imaging, while BET is often used for surface area measurements of materials 
[2]. However, in this study Scanning Mobility Particle Sizer spectrometry (SMPS) was used in 
order to measure airborne particle number size distribution. The main advantage of this 
technique is the ability to conduct on-line size characterization in a wide size range with very 
high size resolution. It also provides a statistically significant mean size distribution based on 
a large population of the particle under examination assuming that a homogeneous mixture 
of the material is achieved. 

The surface area of the generated particles is measured in parallel by the SMPS desribed 
above and the Cascade Epiphaniometer [3] which provides the surface area size distribution. 
The epiphaniometer was introduced as an instrument for continuous aerosol monitoring [4].  
This instrument determines the Fuchs surface of aerosol particles, through the attachment 
rate of 211Pb atoms to the aerosol particles. 211Pb atoms are produced by an artificial 227Ac 
source and are mixed with the aerosol stream of carbon nanoparticles. Alpha-activity of its 
daughter 211Bi is measured by means of alpha counting. 
The signal is proportional to the Fuchs surface of the aerosol particles. Selected experiments 
were conducted where nanoparticles were generated targeting various degrees of 
aggregation. The calculated surface area from the number size distribution of the generated 
nanoparticles assuming equivalent spheres of measured mobility diameter was compared to 
the observed surface area size distribution measured by the cascade epiphaniometer. The 
results demonstrate the importance of surface area measurements for nonspherical carbon 
nanoparticles. 
 
References: 
[1] Nel T. et al., 2006. Toxic potential of materials at the nanolevel. Science,  311: 622–627 
[2] Kuznetsov B.V. et al. 2003. Water adsorption and energetic properties of spark discharge 

soot: Specific features of hydrophylicity J.Aerosol. Sci. 34: 1465-1479  
[3] Gaggeler, H, et al.  1989. J Aerosol Sci 20, 557-564. 
[4] Gini, M. I.et al. 2010. Development of a Cascade a-impactor epiphaniometer for aerosol 

surface size distribution measurements, International Aerosol Conference, 29th Aug-3rd 
Sep., Helsinki.  
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8.3 CAST Generated Soot as Reference Material for BC 
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CAST (Combustion Aerosol Standard) stands for a smart technique to continuously generate 
soot mass or soot particles from diffusion flame. Both gaseous fuel such as propane and 
liquid fuel like diesel or gasoline can be consumed as soot donor. 
 
The morphology of the soot particles from CAST is as same as the soot from diesel, gasoline 
and other combustion engines or processes respectively. The CAST soot particles are 
distributed in a range from 10 to 1000 nm and their mean diameter can be varied in a range 
between 10-250 nm. 
 
CAST enables generating combustion soot with definite EC/TC. Additionally, the EC/TC ratio 
of the soot matter can be easily varied between 60 and nearly 100% with constant, 
repeatable and representative results. That means that the EC/TC ratio of total particulate 
can be realized per definition for BC reference material. Several models of CAST soot 
generator are available for different sampling processes with short sampling time. 
 

 
 

Figure 1: Diagram of EC/TC analysis  
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8.4 Chemical Reactivity of Carbon Nanoparticle Surfaces and their 
Relationship with selected acellular Toxicity Tests 
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The combustion conditions determine to a large extent the bulk and interfacial properties of 
the resulting combustion aerosol (soot).  Our vision is that the bulk composition of soot reveals 
the flame/combustion conditions in soot generation whereas the nature of the interface 
reflects aging and controls the interaction with solid surfaces (adhesion to supports) and with 
biological membranes (health effects, oxidative stress induced by particles, etc.).  We are 
therefore applying a soft interrogation technique of the interfacial functional groups using 
heterogeneous chemistry of probe gases of differing reactivity.  This surface titration 
represents a minor perturbation of the aerosol particle compared to bulk analysis. 

 

In order to chemically characterize the surface of aerosol particles in terms of functional 
groups present on the particulate surface up to six probe gases (N((CH3)3), NH2OH, 
CF3COOH, HCl, NO2, O3) were selected to probe combustion aerosol (amorphous carbon, 
carbon reference materials, carbon nanotubes, laboratory flame soot, Diesel engine soot).  
Briefly, the method rests upon measuring the rate of uptake of a probe gas under molecular 
flow conditions in the presence of deposited aerosol particles.  The gas uptake to saturation of 
the probe gases was measured in a Knudsen flow reactor and expressed as a density of 
surface functional groups on a particular aerosol whose size distribution was known or 
measured.  The probe gases taken up by the sample specifically interacted with acidic 
(carboxylic) and basic sites such as basic oxides (pyrones), carbonyl (R1-C(O)-R2) and 
reducing (oxidizable) sites such as olefinic and certain -OH groups.  The used probes were 
able to characterize the surface of the particles in terms of the oxidation state (oxidized, 
partially oxidized, reduced).  The limit of detection was generally well below 1% of a formal 
molecular monolayer.  With few exceptions most investigated nanometric carbonaceous 
materials interacted with all probe gases which points to the coexistence of different functional 
groups on the same aerosol surface such as acidic/basic or oxidized/reduced groups. 

 
A cellular tests involving nanoparticles are a rapid means to screen particles and are 
increasingly used to test candidate nanoparticles for their ability to generate reactive oxygen 
species (ROS) in solution and induce oxidative stress in biological systems. DTT 
(Dithiothreitol) and Dichlorodihydrofluorescein (DCFH) are reducing agents expected to react 
with oxidized surface functional groups of carbonaceous nanoparticles.  Surprisingly, the 
reactivity of both reagents correlates well with the surface density of strongly reducing sites 
on the investigated nanoparticles.  A quantitative verification revealed the fact that the 
nanoparticles act as catalysts in the oxidation of air oxygen and are redox cycling.  
Apparently, the rate-limiting step in the redox reaction is the reduction of the oxidized 
nanoparticle by the reagents.  Experiments monitoring the consumption of air oxygen in the 
presence of nanoparticles support the mechanism typically involving several tens to several 
thousands of redox cycles per nanoparticle in acellular tests involving both reagents. 
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8.5 Engineering black carbon nanoparticles for ecotoxicology and 
human health 
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Black carbon (BC) aerosol is a ubiquitous substance that is produced by incomplete 
combustion of fossil fuels and biomass. In regions of large traffic these aerosols are 
estimated as 38% of the global BC inventory. Diesel-derived BC nanoparticles ( BC NPs) are 
considered as dangerous pollutants with respect to human health because of high number 
density, small respirable size, large surface area, and potential toxicity; they can cause 
exacerbate respiratory, cardiovascular, and allergic diseases [1]. It is found that newer diesel 
engines emit NPs that could be more harmful to human health than older engines because 5-
20 nm nanoparticles may penetrate lung tissue more deeply. Based on inflammatory and 
cytotoxicity responses to in vitro and in vivo particle exposures, hazardous substances are 
found on diesel-derived NPs [2] but risks associated to chemical forms of BC emissions are 
remaining to be uncertain. 

A huge number of different sources of combustion emit BC particles with different properties 
dominantly influenced by fuel and combustion process. The complexity and large variability 
of chemical forms of transport engine–derived particles leads to necessity of multicomponent 
characterization of their physicochemical and biological properties remaining the great 
uncertainties in health effect assessments. The absence of methods for production of BC 
nanoparticles with well-known properties leads to a lack of BC material which could be used 
for human health studies, for assessments of risks associated with combustion emission to 
atmosphere. 

This work suggests the development of the advanced tiered-approach for engineering BC 
nanoparticles simulating traffic-derived NPs with purpose to imply it for improvement of data 
quality in toxicological studies. The extensive studies are conducting for elaboration and 
production BC nanoparticles with precisely-known properties, with organic carbon  to total 
carbon fractions ranging from 0.1% to 10%, with organics from major classes found in trafic-
derived emissions.The large experience in characterization of various emission of transport 
systems is applied. This approach is firstly proposed for the progress towards the 
development of standard reference material for air quality measurement and calibration of 
optical BC instruments [3]. The further progress in estimations of possible effects of BC 
emissions on health effects assumes the application of engineering BC nanoparticles in 
human health studies.  

 

 [1] Corbett, J. et al. 2007.Mortality from Ship Emissions: A Global Assessment. Environ. 
Sci.Tech. 41 : 8512–8518.  

[2] Maier, K. et al. 2008, Health effects of ambient particulate matter-biological mechanisms 
and inflammatory responses to in vitro and in vivo particle exposures. Inhalation 
toxicology. 20: 319-337.  

[3] Popovicheva, O.et al. 2010. Towards the development of standard reference materials for 
soot measurements – Part 1: Tailored graphitized soot, Atmos. Meas. Tech. Discuss. 3 : 
1743-1773 
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8.6 Carbon Nanoparticle Reference Materials for Air Quality 
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Black carbon (BC), also known as soot, is one of the most relevant nano-scaled particulate 
species in the atmosphere because of its impact on climate on a global scale and health on a 
local scale. Black carbon consists of varying mixture of organic carbon (OC) and elemental 
carbon (EC). There are numerous instruments which try to measure soot, EC and OC with 
various techniques but presently there is no carbon nanoparticle standard reference material 
(SRM) that can be used to calibrate these instruments [1]. 
 
Presently, there are more than 5,000 instruments worldwide that are used to measure soot. 
The uncertainty in soot measurements depends on the technique but at the moment the 
accuracy is estimated at no better than ± 30-50% or even higher because of the lack of a 
commonly accepted standard. The scientific and technical challenge is to produce a 
reference material of known composition and to be able to deliver it in a form that can be 
easily used in various instruments that measure this quantity. A reference material whose 
composition is precisely known would possibly be accepted by the community once the 
material has been tested by various analyzers for total carbon and OC/EC fractions. 
 
In the present work, a set of carbon nanoparticle SRMs are tested for calibration of OC and 
EC analyzers. The current SRMs have been chemically characterised [2], but variations of 
the original SRMs (e.g., with increasing % of OC) are being produced at present which will 
require in depth characterization. Even though the nanoparticle SRMs are currently produced 
in powder form, the ultimate goal if they are to be used as calibration standards is to produce 
filters loaded with this reference material, due to the fact that the OCEC analyzers to be 
potentially calibrated require filter-based samples. Thus, potential exposure to this 
nanomaterial may occur both during current production of the powdered materials and of the 
SRM loaded filters. 
 
Results from this work will include: 
1. Characterization of the nanomaterials: assessment of their quality as potential SRMs 
2. Testing of the materials: for precision and repeatability of the measurements with OCEC 

instruments to be potentially calibrated 
3. Assessment of viable technical options for the production of SRM loaded filters 
 
 
[1] Baumgartner D. et al. (2012) Soot Reference Materials for Instrument Calibration and 

Intercomparisons. Atmospheric Measurement Techniques, submitted. 
[2] Popovicheva O. et al. (2011) Towards the development of standard reference materials 

for soot measurements – Part 1: Tailored graphitized soot. Atmospheric Measurement 
Techniques 4, 923-932, 2011. 
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9 Symposium (C): Sub-lethal Effects of Manufactured 
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9.1 Concerns for Nano Effect on Nerves, and Brain Pathologies 
From Different Nanomaterials (TiO2, SWCNT, C60, Cu-NPs). 
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Little is known about the effects of manufactured nanomaterials (MNMs) on the function of 
nerves or on the incidence of brain pathology related to these materials. Our laboratory has 
been working on this problem for the last 5 years, and with national level funding from NERC 
in the UK to explore effects on the brain and behaviour of organisms. This paper gives an 
experimental overview of the data so far.  

The classical isolated nerve preparation from the shore crab (Carcinus maenas) was used to 
test the effects of three different MNMs (1 mg l-1 of TiO2 NPs, Ag NPs or SWCNT) on the 
compound action potential, compared to appropriate bulk powder or metal salt controls (bulk 
TiO2 powder, AgNO3, and carbon black respectively). In single action potential recordings, 
there were no effects of any of the nanomaterials on the peak amplitude, duration, rate of 
rise (depolarisation), rate of decrease (repolarisation) of the compound action potential in 
crab saline, despite settling of each nanomaterial directly onto the nerve preparation. The 
ability of the crab nerve to be stimulated to tetanus was also unaffected by exposure to the 
MNMs. Overall, the study showed no effects of the materials tested on crab nerve, but other 
studies using patch clamping methods do suggest some changes in current flow in some 
mammalian nerve cell preparations. 

Brain pathology has been studied in great detail in the rainbow trout for both dietary and 
waterborne exposures to different MNMs. In general, MNMs do not appear to cause gross 
changes in the architecture of the brain, but more subtle regional pathologies. For TiO2 
exposures in the food or water, the brain showed only minor injuries such as occasional 
necrotic nerve cells. However, other metal-containing NPs are more toxic. Histological 
examination of the main regions of the brain following exposure of trout to 20-100 µg l-1 Cu 
as Cu-NPs or CuSO4 for 10 days showed injuries that include necrosis of the nerve cells, 
vacuole formation in the telencephalon, alteration in the thickness of mesencephalon with 
rupture of the preventriculare layer, and swelling of blood vessels on the ventral surface of 
the cerebellum. The effects of the nano Cu were worse than those of CuSO4 and may also 
suggest fluid shifts into the ventricles or CSF. The brain is sensitive to hypoxia and oxidative 
stress/reperfusion injury is a well-known mechanism of pathology. This appears to be the 
case with nano Cu and SWCNTs which can cause vascular injury on the surface of the brain. 
The presence of MNMs inside the brain is still to be unequivocally confirmed,   but some NPs 
can damage the blood-brain barrier, and the presence of the material in the brain in not a 
prerequisite for brain pathology. 
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Early reports of engineered nanoparticle (NPs) toxicity in fish included observations of 
biochemical changes in brain of fish exposed to several classes of NPs (reviewed by [1]). 
This has raised concerns NPs may be neurotoxic with implications for fish behaviours; 
behaviours link physiological and ecological processes and are key determinants of fish 
population structure. In this paper we report on effects of aqueous exposure to TiO2 NPs and 
single walled carbon nanotubes (SWCNT) on locomotor and social behaviours of rainbow 
trout (Oncorhynchus mykiss) within a wider discussion of NP bioavailability and mechanistic 
basis for observed organ toxicity. 

In two separate trials freshwater juvenile rainbow trout were exposed to TiO2 NPs (1 mg L-1, 
14 days) and SWCNT (0.25 mg L-1, dispersed in sodium dodecyl sulphate, 10 days). 
Following exposure, fish were removed to floor mounted chambers, allowed to acclimate and 
spontaneous swimming behaviours recorded with ceiling mounted video cameras and 
assessed with video tracking software (Ethovision XT v. 7.1, Noldus Information Technology, 
The Netherlands). In addition, social behaviours of trout were observed in size matched fish 
(± 2 mm, 1 g) paired outside of treatment groups. Juvenile rainbow trout are aggressive and 
interactions were scored for a 30 minute period commencing from the first aggressive act 
(bite or charge). Haematological, biochemical, histological and tissue ion analyses to 
complement behavioural analyses were also performed. 

In neither exposure was there evidence of behavioural deficits in trout exposed to NPs. 
Spontaneous swimming activity was not significantly different between treatment groups and 
outcome and level of aggression exhibited in fish exposed to either TiO2 NPs or SWCNT 
were comparable to respective controls. This was despite morphological and biochemical 
perturbations in organs, including brain, of trout exposed to NPs, especially TiO2 NPs. Level 
of lipid peroxidation and concentration of glutathione, both biomarkers of oxidative injury, 
were increased in brain of fish exposed to TiO2 NPs with evidence of a nano-specific effect. 
Moreover, fish exposed to TiO2 NPs exhibited swollen blood vessels at the surface of the 
cerebellum consistent with brain injury. The mechanistic basis for these observations is 
unclear although data of Ti organ accumulation suggest TiO2 NPs are not bioavailable to 
rainbow trout and toxicity in internal organs was indirect, driven by respiratory impairment at 
the branchial epithelium. In contrast, effects of SWCNT were less pronounced in trout at the 
concentration tested but were nonetheless marked by subtle changes in brain ion 
homeostasis. Combined these data demonstrate NPs may cause biochemical changes in 
brain of fish but no corresponding impact was observed on behaviours of fish although 
consequence of long-term chronic exposure to NPs is unknown.  

[1] Handy, RD et al. 2011. Effects of manufactured nanomaterials on fishes: a target organ 
and body systems physiology approach. Journal of Fish Biology 79: 821-53. 
  

mailto:david.boyle@plymouth.ac.uk
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10 Symposium (D): Why do we need research in 
Nanoimmunosafety? 
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10.1 Nanomaterial Properties in Complement Activation: Lessons 
from Nanomedicine 

SM Moghimi 

Centre for Pharmaceutical Nanotechnology and Nanotoxicology, University of Copenhagen, 
Universitetsparken 2, DK-2100 Copenhagen Ø, Denmark 

Email: momo@farma.ku.dk 

The complement system is a network of over thirty different soluble and membrane-bound 
proteins that can be activated via three different initiation pathways (classical, alternative and 
lectin pathways) that all converge at the step where the central complement protein C3 is 
cleaved. The key function of complement is pattern recognition of danger signals, such as 
pathogen associated molecular patterns and foreign surface of biomedical materials 
including nanoparticles. Uncontrolled complement activation can induce many inflammatory 
and life threatening conditions. Indeed, a large body of experimental and clinical evidence 
strongly attests that the infusion of nanoparticluate systems, including regulatory-approved 
stealth nanomedicines, in some individuals is associated with cutaneous, respiratory and 
circulatory disturbances where complement is believed to play a contributing role. 
Furthermore, inflammatory reactions are further encountered in extracorporeal circulation 
procedures and these also have routes in complement activation. Consequently, 
complement testing is among one of the parameters currently included in the criteria for 
assessment of haemocompatibility of biomaterials defined in ISO 10993-4.  

A detailed mechanistic understanding of material/nanomaterial properties that triggers 
complement is necessary as this could lead towards innovations for design and surface 
engineering of immunologically safer nanomedicines and biomedical devices. The interaction 
between materials/nanomaterials and the complement system is complex and regulated by 
inter-related factors that include morphology, chemical composition, nanoscale size, and 
surface characteristics. Each of these parameters may affect complement activation 
differently and through different sensing molecules and initiation pathways. Recent ‘structure-
function’ and high-throughput approaches are beginning to thrive and are providing better 
understanding of material features that incite complement.  For instance, changing the 
conformation of adsorbed block copolymer on nanosphere surfaces with the aim of 
circumventing the body’s defence system unexpectedly trigger complement through a 
different initiation pathway. This underlines the limitations in surface engineering with certain 
block copolymers in generating immunocompatible nanoparticles. On the other hand, high-
throughput approaches in polymer design are helping to map out the responsible structural 
motifs that induce complement activation for safer biomaterial design. Efforts are also being 
made in understanding naturally evolved microbial strategies that evade complement and for 
their translation to nanoparticle and biomaterial design. There are still many technical 
difficulties and limitations in material design and surface engineering approaches for 
generating immunologically safe nanomedicines and biomaterials, but parallel 
immunogenomic approaches should be initiated to establish relationships between material 
properties and adverse population-based immunological responses where complement may 
exert a contributing role. Such initiatives may eventually provide laboratory tests for 
predicting individuals at risk of advanced medical interventions requiring nanomedicines and 
functionalized particulate systems and biomaterials. 

1. Moghimi, S. M., T. L. Andresen and Hunter, A. C. (2012) Factors controlling nanoparticle 
pharmacokinetics: an integrated analysis and perspective. Annual Rev. Pharmacol. 
Toxicol. 52: 481–503. 

2. Lettiero, B., Andersen, A. J., Hunter, A. C. and Moghimi, S. M. (2012) Complement 
system and the brain: selected pathologies and avenues towards engineering of 
neurological nanomedicines. J. Control. Rel. (in press). 
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3. Moghimi, S. M., Peer, D. and Langer, R. (2011) Re-shaping the future of 
nanopharmaceuticals: ad iudicium. ACS Nano 5: 8454–8458.  

4. Moghimi, S. M., Andersen, A. J., Ahmadvand, D., Wibroe, P. P., Hunter, A. C. and T. L. 
Andresen (2011) Material properties in complement activation. Adv. Drug Deliv. Rev. 63: 
1000–1007. 

5. Moghimi, S. M., Andersen, A. J., Hashemi, S. H., Lettiero, B., Ahmadvand, D., Hunter, A. 
C., Andresen, T. L., Hamad, I. and Szebeni, J. (2010) Complement activation cascade 
triggered by PEG-PL engineered nanomedicines and carbon nanotubes: the challenges 
ahead. J. Control. Rel. 146: 175–181. 

6. Moghimi, S. M. and Hunter, A. C. (2010) Complement monitoring of carbon nanotubes. 
Nature Nanotechnol. 5: 382. 

7. Hamad, I., Al- Hanbali, O., Hunter, A. C., Rutt, K. J., Andresen, T. L. and Moghimi, S. M. 
(2010) Distinct polymer architecture mediates switching of complement activation 
pathways at nanosphere-serum interface: implications for stealth nanoparticles 
engineering. ACS Nano 4: 6629–6638. 

8. Moghimi, S. M. and Andresen, T. L. (2009) Complement-mediated tumour growth: 
implications for cancer nanotechnology and nanomedicine. Mol. Immunol. 46: 1571–
1572. 

9. Hamad, I., Hunter, A. C., Rutt, K. J., Liu, Z., Dai, H. and Moghimi, S. M. (2008) 
Complement activation by PEGylated single-walled carbon nanotubes is independent of 
C1q and alternative pathway turnover. Mol. Immunol. 45: 3797–3803.  

10. Hamad, I., Hunter, A. C., Szebeni, J. and Moghimi, S. M. (2008) Poly(ethylene glycol)s 
generate complement activation products in human serum through increased alternative 
pathway turnover and a MASP-2-dependent process. Mol. Immunol. 46: 225–232. 

11. Moghimi, S. M., Hamad, I., Andresen, T. L., Jørgensen, K. and Szebeni, J. (2006) 
Methylation of the phosphate oxygen moiety of phospholipid-methoxypoly(ethylene 
glycol) conjugate prevents PEGylated liposome-mediated complement activation and 
anaphylatoxin production. FASEB J. 20: 2591–2593 (Full text: doi: 10.1096/fj.06-6186fje, 
electronic pages E2057–E2067). 

12. Moghimi, S. M., Hunter, A. C., Murray, J. C. (2005) Nanomedicine: Current Progress and 
Future Prospects.  FASEB J. 19: 311−330. 

13. Gbadamosi, J. K., Hunter, A. C. and Moghimi, S. M. (2002) PEGylation of microspheres 
generates a heterogeneous population of particles with differential surface characteristics 
and biological performance. FEBS Lett. 523: 338–344. 

14. Moghimi, S. M., Hunter, A. C. and Murray, J.C. (2001) Long circulating and target-specific 
nanoparticles: theory to practice. Pharmacol. Rev. 53: 283–318 . 
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10.2 A proteomic approach to detect protein modification on cellular 
proteins after nanoparticle treatment 

 

Marc Driessen1, Philipp Graf2, Alexandre Mantion3, Johanna Plendl4, A.F. Thünemann 3, 
Andreas Taubert5,6, Andreas Luch1 and Andrea Haase1 

 
1) German Federal Institute for Risk Assessment, Department of Product Safety, Thielallee 

88-92, 14195 Berlin, Germany 
2) University of Basel, Department of Chemistry, Klingelbergstr. 80, CH-4056 Basel 

3) BAM — Federal Institute for Materials Research and Testing, Richard-Willstaetter-Strasse 
11, 12489 Berlin, Germany 

4) Free University of Berlin, Department of Veterinary Medicine, Institute of Veterinary 
Anatomy, Koserstraße 20, 14195 Berlin, Germany 

5) Max-Planck-Institute of Colloids and Interfaces, Am Mühlenberg 2, 14476 Potsdam-Golm, 
Germany 

6) University of Potsdam, Institute of Chemistry, Karl-Liebknecht-Strasse 24-25, 14476 
Potsdam-Golm, Germany. 

Email: andrea.haase@bfr.bund.de 
 

Silver nanoparticles (SNP) are among the most commercialized nanoparticles. Since 
macrophages represent a physiological relevant cell system, we performed in vitro studies in 
human macrophages derived from THP-1 cell line. We studied SNP of different sizes (20 nm 
to 40 nm) and different coatings (citrate, peptide). Apart from clear dose- and time-dependent 
effects, the effects strongly relied on size and the type of coating, with citrate coated particles 
being less toxic. Gold nanoparticles, which served as control, showed nearly no adverse 
effects. 

We could show that all types of SNP were effectively taken up into the macrophages most 
probably by different mechanisms. Apart from some aggregates they can be found as 
individual particles thoughout the cells. In parallel we were strongly interested to follow 
changes on the level of individual cellular proteins in order to understand the underlying 
mechanisms of toxicity. A general paradigma to explain nanoparticle mediated toxicity is 
oxidative stress development. We proved this in our study by by different biochemical 
methods. 

We could detect a time- and dose-dependent induction of heme oxygenase 1 and protein 
carbonylation, both of which are established markers for oxidative stress. We further 
analyzed the carbonylated proteins on 2D gels, thereby enabling visualization and separation 
of a complex pattern of modified proteins. Importantly, with the 2D gel approach we were 
able to clearly distinguish between the effects of different nanoparticles as they induce 
different carbonylation patterns. With this 2D based approach we could not only compare the 
effects of different nanoparticles with a very high resolution but also we performed dose- 
response relationships and followed the kinetics of the protein carbonyl pattern. In addition 
we were able to identify the proteins by mass spectrometry. 

We conclude that SNP exert adverse effects in human macrophages also at subcytotoxic 
concentrations via oxidative stress. While all SNP were effectively taken up by macrophages, 
different SNP induce distinguishable effects. The identification of modified proteins could 
allow us to understand the toxicity on a molecular level and furthermore eventually enable us 
to group nanomaterials according to their distinct effects.  

mailto:andrea.haase@bfr.bund.de
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10.3  Modelling the impact of nanomaterial-mediated neutrophil 
activation 

 

Christopher Dickson, Morag Prach, Jenny Fraser, Lesley Ingram, Peter G. Barlow, Gary R. 
Hutchison, Lorna Proudfoot, Eva M. Malone  

 

Centre for Nano Safety, Edinburgh Napier University, Edinburgh, Scotland 
Email: e.malone@napier.ac.uk 

 

Neutrophils, key mediators of the innate immune system, are central to the initial immune 
responses of the host to infection and injury. Circulating in the blood, they are the 
predominant leukocyte (40-75%), and are positioned to rapidly migrate, and respond to, 
foreign particles at primary and secondary sites of exposure. These short-lived, terminally 
differentiated, professional phagocytes, with no capacity for memory, have the ability to both 
drive, and facilitate the resolution of inflammation, cause tissue damage and to stimulate 
innate and adaptive immune responses. Often overlooked is the role of the neutrophil in 
immune modulation as they can recruit and activate dendritic cells, attract moncytes and T 
cells and influence the progression of T helper cell responses. 

Many studies have demonstrated that neutrophils are rapidly recruited to initial sites of 
nanomaterial exposure in vivo and, indeed, neutrophil recruitment is used as a marker of 
inflammation [1, 2]. Upon activation, neutrophil defensive strategies include phagocytosis, 
degranulation and neutrophil extracellular trap (NET) formation with downstream 
consequences for inflammed tissues. However, little is known about neutrophil function in 
response to nanomaterial exposure, and the subsequent local and systemic effects of these 
responses. 

Our laboratory uses both human peripheral neutrophils, isolated from whole blood, and an 
HL60 human neutrophil-like cell line to model and investigate neutrophil responses to 
nanomaterials. Neutrophils were exposed to 35nm or 0.6-1.6µm silver particles (NanoAmor, 
USA) and to 14nm or 260nm carbon black particles (Degussa, Germany) at 100µg/ml, 
10µgml and 1µg/ml for 3 hours.  Following exposure, neutrophil apoptosis and necrosis was 
assessed using annexin-V FITC and propidium iodide staining. Apoptotic neutrophils have 
been shown to play a key role in the resolution of inflammation in vivo and in vitro, while 
necrotic neutrophils have the potential to release cytotoxic molecules which can be 
damaging to host tissues. We also assessed neutrophil activation by measuring CD11b 
upregulation and CD62L shedding from the surface of human peripheral neutrophils 
30minutes post exposure to either silver or carbon black particles. Acute or chronic 
stimulation of neutrophils, or even a loss of function, could have important effects on 
immunity and health. This work presents an in vitro model to ascertain the effects of 
nanomaterials on human neutrophils and the early responses of the human immune system. 

 
[1] Brown DM, Wilson MR, MacNee W, Stone V, Donaldson K (2001) Size-dependent 

proinflammatory effects of ultrafine polystyrene particles: a role for surface area and 
oxidative stress in the enhanced activity of ultrafines.Toxicol Appl Pharmacol., 175, 191-
199. 

 
[2] Goncalves DM and Girard D (2010) Titanium dioxide (TiO2) induce neutrophil influx and 

local production of several inflammatory mediators in vivo. International 
Immunopharmacology11(8), 1109-1115.  
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10.4  Double Walled Carbon Nanotubes induce IL-1β secretion in 
human monocytes through the Nlrp3 Inflammasome activation. 

 
Etienne Meunier 1, Agnès Coste1, David Olagnier1, Lise Lefèvre1, Hélène Authier1, 
Christophe Dardenne1, Maryse Beraud1, Emmanuel Flahaut2 and Bernard Pipy1  

 
1University of Paul Sabatier, UMR152, Toulouse, France 

2 UMR CNRS 5085, CIRIMAT/LCMIE, Centre Interuniversitaire de Recherche et 
Ingénierie des Matériaux, Université Paul Sabatier, Toulouse, France, Toulouse, France 

Email: Etienne.Meunier@inserm.fr 
 
 

With the increased use of carbon nanotubes (CNTs), public concern about their potential risk 
to human health has also risen. Monocytes/Macrophages which are the main immune cells 
involved in the modulation of the inflammatory response to pathogens and particles might 
constitute the main target of CNTs. Indeed, they express a large panel of receptors, the 
pattern recognizing receptors (PRRs), able to recognize and/or capture pathogens as well as 
environmental particles. Although recent studies showed the in vitro and in vivo pro-
inflammatory potential of CNTs, the inflammatory signaling pathways triggered by these 
particles in human monocytes remain unknown.  
 
Here, we investigated the effect of Double-Walled CNTs (DWCNTs) on pro-inflammatory 
interleukin-1 family release in human monocytes through inflammasome activation using an 
in vitro experimental model of LPS-primed human monocytes. We established that DWCNTs 
induced IL-1β and IL-18 release in LPS-primed human monocytes from healthy donors. 
Indeed, the treatment LPS-primed monocytes with DWCNTs did not amplify pro-IL-1β gene 
expression but induced IL-1β secretion into its mature form, thus demonstrating that 
DWCNTs specifically triggered the IL-1β secretion. 
 
Moreover, we showed that DWCNTs-increased IL-1β secretion was pro-inflammatory 
caspase-1 activation dependent. Furthermore, by a siRNA approach targeting Nrlp3 receptor 
in human monocytes, we highlighted a decrease of IL-1β secretion in response to DWCNTs. 
Altogether these data demonstrate for the first time the involvement of the Nlrp3 
inflammasome pathway in the pro-inflammatory effect of DWCNTs. Then, we explored the 
signaling pathway leading to the Nlrp3 inflammasome activation in response to DWCNTs.  
 
We showed that DWCNTs-induced IL-1β secretion was dependent on potassium efflux. 
Moreover, using pharmacological approaches, we demonstrated that the increase of IL-1β 
secretion after stimulation with DWCNTs was linked to their phagocytosis associated to 
cathpesin-B protease activation and phagosomal vacuolar acidification.  
 
These findings provide real evidence that DWCNTs trigger inflammasome signaling pathway 
and hence their use could present a potent health risk, notably during workers exposure.  
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10.5  Effects of engineered nanoparticles on the inflammatory 
response in a human monocyte-based in vitro model 

 
Linda C. Stoehr1,2, Paola Italiani3, Eudald Casals4, Victor F. Puntes4, Gertie J. Oostingh2, 

Markus Pesch1, Albert Duschl2, Diana Boraschi3 
 

1GRIMM Aerosol Technik GmbH & Co. KG, Ainring, Germany 
2Department of Molecular Biology, University of Salzburg, Salzburg, Austria 

3Institute of Biomedical Technologies, CNR, Pisa, Italy 
4Institut Català de Nanotecnologia, Barcelona, Spain 

Email: lindacorinna.stoehr@stud.sbg.ac.at 
 
When assessing the safety of nanomaterials, potential effects on the innate/inflammatory 
responses need to be considered, since alterations of the normal course of the inflammatory 
response may cause pathological derangements. 
 
This study investigates possible interfering effects of Ag and ZnO NPs during inflammation 
by using a human monocyte-based in vitro model that recapitulates the different phases of 
an innate/inflammatory defence response – from recruitment and initiation, to development of 
inflammation and, finally, to resolution and repair. Previous studies have shown that this 
model is suitable for monitoring potential interference or alterations caused by the NPs. 
 

CD14+ human blood monocytes were exposed sequentially in culture to CCL2, E. coli LPS, 

huTNF  and huIFN- . Simultaneously, the cells were exposed to 4% citrate-coated silver 
nanoparticles (20 nm, 4x1010 NPs/ml, 4.28 µg/ml, preincubated in 60% human AB serum) 
containing negligible amounts of LPS (as analysed by LAL assay) from 0 to 24 h. Solvent 
(0.4 mM sodium citrate) and culture medium were used as controls. RNA and supernatants 
were collected at time zero (fresh monocytes), 2 h (recruitment), 4 and 6 h (early 
inflammation), 14 h (late inflammation) and 24 h (resolution). Gene expression of 
inflammatory and anti-inflammatory cytokines (IL-1ß, IL-1Ra, IL-18, IL-18BP) was analysed 
using real-time PCR. The analysis of protein production was performed by ELISA. 

 

Preliminary data showed characteristic inflammatory and anti-inflammatory signatures of 
control cells during inflammation and resolution, respectively: IL-1ß, IL-1Ra and IL-18BP 
increased during early inflammation and reached their peak in the late phase before 
decreasing during resolution. In cells exposed to Ag NPs, expression of all four genes was 
enhanced during early inflammation and decreased afterwards more rapidly than in control 
cells. However, when analysing the effect of solvent (citrate) it was evident that large part of 
this accelerated inflammatory reaction was caused by the solvent itself. It must be noted that 
in no case NPs or solvent could prolong the inflammatory reaction, which indeed was 
resolved by 24 h. 

In conclusion, sodium citrate and Ag NPs showed modulating effects on the human 
monocyte inflammatory response by accelerating inflammation and inducing an earlier 
resolution. To validate these observations, additional data with other NPs (ZnO) and with 
mature cytokine release will be presented. 
 
This study was supported by the EU FP7, Marie Curie Actions, Initial Training Network 
project NanoTOES (PITN-GA-2010-264506)  

mailto:lindacorinna.stoehr@stud.sbg.ac.at


 

 

 

 

Abstract Book - 65 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

11 Symposium (E): There OughtaBe a Law: a stakeholder 
stimulation session on the “nan-law” debate 
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11.1 FORECASTING NANO LAW:  RISK MANAGEMENT 
PROTECTING PUBLIC HEALTH UNDER INTERNATIONAL LAW 

Ilise L Feitshans JD and ScM 

 
Geneva School of Diplomacy Geneva Switzerland 

Visiting Scientist, University of Lausanne , Institute for Work and Health 
Lausanne Switzerland 

Ilise.Feitshans@chuv.ch 

 

“Forecasting Nano Law:  Defining Nano” 

Defining Nano: Key Policy Questions 

Nanotechnology’s revolution for the global economy can  also revolutionize  public health, 
but to do so will require careful forethought in nanoresearch, followed by  drafting of special 
laws. In particular, there are two fundamental policy questions to resolve which will shape the 
future of nanotechnology laws:  

1) How to define “nanotechnology”, nanoparticles and  “other nano things” that should 
be regulated, if at all, under law  and  
 

2) Whether to follow a so-called “list” approach or instead to craft a flexible umbrella of 
criteria regarding nanotechnology developments and risks.  

High-priced experts agree that “defining nano” is an important issue, even though they 
cannot agree whether to define it or not.  The heretical question  posed by Andrew Maynard 
in NATURE; July 2011 is, should  law attempt to define nanomaterials at all? “Don’t Define  
Nanomaterials” (Nature 475, 31;  July 2011). In reply, also in NATURE, (August 29 2011, 
Herman Stamm wrote): But such a definition is urgently needed, especially for particulate 
nanomaterials… » It is true, too, that laws can function, without defining their main subject. 
The USA Occupational Safety and Health Act of 1970 does not define “safety” or “health”. 
The UN Convention on the Prevention of Discrimination Against People With Disabilities 
(PWA) does not define “disability”. Those laws list criteria in the statute, without specifically 
defining key terms. This presentation will explore in detail these legislative issues.  

This presentation will employ the unique benefits of role-playing in order to enable the 
gathered experts to practice the vital legisltive task of "Having your Say". Following a short 
disucssion of techniques for legislative drafting, attendees will participate in an mock 
legislative hearing, which will give them the opportunity to provide expert testimony before a 
real legislator from the French national government.  
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Figure 1: Simplified compartment flow chart of the PBPK 
model (Sources inside the body are modelled as I.V. shot).  
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12.1 Development of a PBPK Model to predict silver distribution 
within the human body after silver exposure via different routes 

 
Gerald Bachler1, Natalie von Goetz1, Konrad Hungerbühler1 

 

1Institute for Chemical and Bioengineering, ETH Zurich, Zurich, Switzerland 
Email: gerald.bachler@chem.ethz.ch 

 
 
 

According to the ‘‘Woodrow Wilson International Centre for Scholars’’ database on emerging 
nanotechnologies [1], nano-silver is by far the most common nanomaterial used in consumer 
products. Moreover, owing to its broad-spectrum antibiotic properties nano-silver is used in a 
wide range of different applications. Potential exposure routes include dermal uptake (e.g. 
wound dressings, clothes), inhalation (e.g. sprays), ingestion (e.g. food boxes, toothpaste) 
and miscellaneous sources inside the body (e.g. catheters, orthopaedic implants). Hence, 
under unfavourable conditions a large total consumer exposure to nano-silver is possible. 
 
Our project aims at comparing these different exposure routes and assessing the total 
possible consumer exposure to silver. Therefore, a physiologically based pharmacokinetic 
(PBPK) model was developed, which is 
designed as a multi-compartment model. 
The model calculates the silver mass 
flow within the human body, including 
nano-silver absorption via different 
exposure routes, silver distribution and 
excretion (see Figure 1). The inhalation 
route is based on the ICRP Respiratory 
Tract Model [2], which makes it possible 
to assess different particle sizes and to 
compare the results with other silver 
compounds. For the oral and dermal 
route, models were developed using 
toxicological data and case reports 
available from the literature.   
 
We used our PBPK model to calculate 
and compare various realistic exposure 
scenarios. These scenarios include 
silver and/or nano-silver intake from everyday products, such as antiperspirant sprays and 
toothpastes, and also single high exposure scenarios, such as wound dressings and (nano-) 
silver containing water, which is used as dietary supplement. 
 
 
The Project is funded by the Federal Office of Public Health (FOPH), Switzerland. 
 
[1]  Woodrow Wilson International Center for Scholars.  2011.  Consumer Product Analysis. 
http://www.nanotechproject.org/inventories/consumer/analysis_draft. Accessed:  27/10/2011 
[2]  ICRP. 1994. Human Respiratory Tract Model for Radiological Protection. ICRP 
Publication 66. Ann. ICRP 24 (1-3)   
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12.2 Life cycle approach for environmental evaluation of emerging 
technologies 

 
Grazia Barberio1, Patrizia Buttol1, Simona Scalbi1 

 
1ENEA, Italian National Agency for New Technologies, Energy and Sustainable Economic 

Development Italy 
Email: grazia.barberio@enea.it   

 
 
 

NanoHex (Enhanced Nanofluid Heat Exchange) project [1], financed by the Seventh 
Framework Programme, is aimed at developing an innovative application of 
nanotechnologies: the use of nanofluids (a suspension of nanoparticles in a solvent) as 
refrigerants for data centre and power electronics. A methodological approach combining 
LCA and RA is applied to assess the Environmental, Health and Safety (EHS) issues relating 
to the production, use and end of life of the nanofluids developed. This is in agreement with 
the recommendations of the European Commission for a responsible strategy that aims to 
enable the safe development and use of nanomaterials and nanotechnology [2, 3]. 

The activity started with a critical analysis of the potential for the integration of LCA and RA in 
comparison to their separate application to nanomaterials and nanotechnologies. The 
combined use of LCA and RA, from one side, makes the LCA impact evaluations, relating to 
the toxicity categories, more robust. On the other side, LCA adds a life cycle perspective in 
RA, to achieve more powerful results. Indeed, the RA focuses on the toxic impacts, while 
LCA provides a more comprehensive overview of the potential environmental impacts (not 
only toxic) of nanoproducts, including all resources and releases of the life cycle of the 
product, as it considers categories such as resource use, global warming, acidification, 
eutrophication, ozone depletion etc.. This holistic approach avoids the unintended shifting of 
environmental burdens and could suggest improvement measures for comparing the 
performance of scenarios based on innovative and conventional processes.  

The procedure proposed for a combined use of LCA and RA takes into account a parallel 
between the methodological frameworks of LCA and RA throughout their steps: definition of 
the technological system or problem, data collection, assessment models and results 
interpretation.  

Therefore, with an LCA-based analysis of the technological relations of the system 
investigated, the evaluation includes not only the use phase of nanoproducts, but also the 
upstream and downstream stages. Project partners, manufacturers, universities and 
research centers, expert judgments, and representative stakeholders are the data sources.  

To date, a preliminary LCA study comparing the life cycle of conventional power electronics 
to the innovative one, based on nanofluid as refrigerant, has been developed using the 
IMPACT 2002+ methods, except for the (eco)toxicity categories. The preliminary results 
include the comparison of the systems environmental profile; the identification of hot spots 
and main differences and the identification of the main flows, for which to perform RA. 

 [1]  www.nanohex.eu  

[2] "Nanosciences and nanotechnologies: An action plan for Europe 2005-2009" COM (2005) 
243 

[3] “Towards a European Strategy for Nanotechnology”  COM(2004)  
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12.3 Temporal and spatial influences on the concentration 
(manufactured) nano-objects released from commercially 

available spray products 

 

C. Bekker,1 D.H. Brouwer,1 B. van Duuren-Stuurman,1 I.L. Tuinman, 1 P. Tromp, 1 and W. 
Fransman1 

 

1TNO, Zeist, The Netherlands 

Email: cindy.bekker@tno.nl 

 

This study examined the dispersion of manufactured nano-objects (MNOs) through the air, 
both in time and space, during the use of two commercially available nano-spray products 
and reference products without MNOs. The main objective was to identify whether personal 
exposure can occur at greater distance from the source in the far field (bystanders) or at a 
period after the emission occurred (re-entry).  

 

The spray experiments were conducted by spraying against the back wall of a gas tight 
chamber (19.5 m3). The release of MNOs in the size range of 0.01 – 20 µm was investigated 
by measuring number concentration and size distribution (scanning mobility particle sizer 
(SMPS), aerodynamic particle sizer (APS), Electrical Low Pressure Impactor (ELPI), and 
two NanoTracers), active surface area concentration (LQ1 diffusion charger), and mass 
concentration (DustTrak). Scanning and transmission electro microscopy (SEM and TEM) 
analysis were conducted for off-line characterization of particles in the air and dispersion. 
The release of MNOs was measured at two distances (i.e. 0.3 and 2.9 m) from the source, in 
order to get more insight in the dispersion from the source (near-field) to the far-field 
compartment. The spray activity lasted 15 seconds and sampling of air concentrations 
started simultaneously with the application of the spray. After the spray activity the 
concentrations were continuously measured spanning a total sampling time of approximately 
12 minutes to study the temporal influences on the MNO concentration. 

 

A large peak was found in the near field immediately after spraying for all four products. 
Approximately two minutes after the emission occurred, in both the near and the far field the 
concentration reached steady-state. However, concentrations remained elevated above 
background concentration throughout the entire measurement period (12 minutes) in the 
near field as well as in the far field compartment. Consequently both space and time seemed 
to have a minimum effect on the concentration and size of the particles in the air. No clear 
distinction in concentration and size distribution was observed between the MNO-containing 
products and their reference products. However, the elemental and morphological 
characterization of MNO by SEM/EDX identified particles in the nano range in the two 
nanoproducts and not in the reference products. In conclusion, this study shows that 
personal exposure to MNOs can occur at a greater distance from the source and at a period 
(minimal 12 minutes) after emission occurred. 
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12.4 The assessment of AuNP, AgNP, and CeO2NP toxicity; 
observed responses are associated to particle surface charge 

 
Matthew Boyles1, Ngoc Tran2, Eudald Casals2, Victor Puntes2, Paul Schlinkert1,  

Gertie Janneke Oostingh1, Albert Duschl1  
 

1University of Salzburg, Salzburg, Austria 
2Institut Català de Nanotecnologia, Barcelona, Spain 

Email: matthew.boyles@sbg.ac.at 
 

The available literature on gold, silver, and cerium oxide nanoparticles (NP) is partially 
inconsistent in the assessment of their toxic potential, which raises serious concerns related 
to the proposed and existing medical applications of these particles. It is vital to determine 
the main causal factor for this varied behaviour, to determine which NP characteristics could 
provide safer exposure conditions, allowing for their safe production and use. Particle to cell 
and particle to medium interactions can be governed by various aspects. One of them is the 
particle charge, which is found to alter the extent and mechanism of uptake in numerous cell 
types. It is therefore surface charge which is the focus of this present study. 
 
Different surface charged mono-dispersed NP between 7 nm and 12 nm, including gold 
(AuNP: -40, +20, +40, +70 mV), silver (AgNP: -50, +25, +40, +65 mV), and cerium dioxide 
(CeO2NP: -40, +40 mV), have been used to assess inflammatory and cytotoxic effects in 
peripheral blood monocytes. Primary monocytes were exposed to particles at 1.5 – 3500 
ng/cm2, for 4, 24, and 48 hours, and assessed for cell death (via mitochondrial function, and 
the release of lactate dehydrogenase and adenylate kinase), and the induction of pro-
inflammatory conditions. 
 
For all particles, the most pronounced effects on cell viability and cell membrane permeability 
were found in response to those particles with the highest positive surface charge. Neither 
anionic AuNP nor AgNP displayed any effect on monocyte viability, and it was exclusively the 
highest positively charged AuNP that are found to induce a cellular response, while all 
cationic AgNP induced some degree of cytotoxicity. Again, at the highest positive surface 
charge, both AuNP and AgNP caused cell death at concentrations as low as 6 ng/cm2, and it 
was this high surface charge that was found to induce the greatest inflammatory response to 
AuNP and AgNP exposure, quantitated through the secretion of TNF-α. CeO2NP appeared 
to induce cell death irrespective of surface charge, this however, is thought to be a 
consequence of increased particle density (compared to AuNP and AgNP) leading to 
increased sedimentation, and therefore increased exposure concentrations.  
 
It is evident that the exposure of peripheral blood monocytes to strong cationic particles can 
induce pro-inflammatory conditions that are associated with significant cell death; and a good 
correlation between functionally and spectrally distinct cytotoxicity assays endorse 
confidence in the observed monocyte responses to this particle panel. Currently, to 
corroborate these findings, explorations are being made of similarly charged particles with 
different surface chemistry. This will potentially clarify whether the effects observed here are 
specifically related to surface chemistry or more generally to surface charge. 

“This study was supported by the EU 7th framework programme, Marie Curie Actions, 
Network for Initial Training NanoTOES (PITN-GA-2010-264506)”.  
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12.5 Cytotoxicity and cytokine release in rat hepatocytes and 
macrophages exposed to gold, iron oxide and silica 

nanoparticles – effect of biological dispersion media. 

 

David M Brown, Helinor Johnston, Eva Gubbins and Vicki Stone 

 

School of Life Sciences, Heriot-Watt University, Riccarton Campus, Edinburgh EH14 4AS UK 
Email: d.brown@hw.ac.uk 

 

On entering the body nanomaterials (NM) become coated in molecules that vary according to 
the route of exposure, which could potentially influence the NM toxicity. The effect of 
nanoparticles NM dispersed in a range of biological solutions on rat hepatocyte and 
macrophage viability and cytokine release were therefore examined.  A panel of 2, 20 and 
100nm Au particles, 50nm and 200nm silica particles (no surface charge (plain) and 
positively charged (NH2)), and 45nm and 280nm iron oxide (Fe3O4 and Fe2O3 respectively) 
particles was obtained. Particles were dispersed in medium alone, or cell culture medium 
supplemented with bovine serum albumin (BSA, 0.1%), lung lining fluid (LLF 1µg/ml) or 
serum (0.1%).  Hepatocytes were incubated with Au NM for 4 hours, and macrophages were 
incubated with all NM types for 24 hours, before assessing cytotoxicity (LDH) and a range of 
pro-inflammatory cytokines.  For the hepatocytes, dispersion in LLF enhanced Au NM 
cytotoxicity while preparation of NM suspensions in albumin and serum decreased their 
cytotoxicity. 

 

The Au NMs induced cytokine expression by the hepatocytes in a dose dependent manner 
and appeared to be further enhanced when NMs were dispersed in LLF.  Gold and iron oxide 
NMs were not toxic to the macrophage cell line, however, silica induced a dose dependent 
increase in LDH release. Gold NMs had a significant impact on cytokine release by 
macrophages, depending on the dispersant.  Iron oxide and silica particles induced a dose 
dependent increase in cytokine release regardless of the dispersant. In conclusion, both the 
hepatocytes and macrophages generated cytokines in response to particle treatment.  Our 
data suggests that size can influence particle induced pro-inflammatory effects in vitro, but 
this may not be relevant for all material types and each dispersant should be chosen in order 
to model a particular in vivo scenario.   

Acknowledgement  This work was generously funded by the Colt Foundation. 
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12.6 Genotoxicity of silver nanoparticles in BEAS 2B cells 
 

Julia Catalan 1, Penny Nymark1, Satu Suhonen1, Hilkka Järventaus1, Per Axel Clausen2, Keld 
Alstrup Jensen2, Kai Savolainen1, Hannu Norppa1 

 
1Nanosafety Research Center, Finnish Institute of Occupational Health, Helsinki, Finland 

2National Research Center for the Working Environment, Copenhagen, Denmark 
Email: julia.catalan@ttl.fi 

 
 

Silver nanoparticles (Ag NPs) are used in various consumer products and medical devices, 
especially due to their antimicrobial properties. Previous in vitro studies have indicated that 
Ag NPs are genotoxic to mammalian cells. In the present study, we assessed the genotoxic 
effects of Ag NPs (primary particle diameter 42.5 ± 14.5 nm) coated with 2-pyrrolidinone on 
human bronchial epithelial BEAS 2B cells in vitro. Cytotoxicity was measured by the trypan 
blue exclusion test and luminometric detection of ATP. 

DNA damage was assessed by the single cell gel electrophoresis (comet) assay, the 
cytokinesis-block micronucleus (MN) assay, and the chromosomal aberration (CA) assay. 
Based on the cytotoxicity assays, BEAS 2B cells were exposed to various doses of Ag NPs 
(0.5-48 µg/cm2, corresponding to 2.5-240 µg/ml) for 4 and 24 h in the comet assay, 48 h in 
the MN assay, and 24 and 48 h in the CA assay. AgNP produced a significant increase in 
DNA damage starting from 16 µg/cm2, with a dose-dependent effect (p<0.0001) after both 
the 4-h and 24-h treatments. However, no induction of MN or CAs was observed. Our results 
suggest that 2-pyrrolidinone-coated Ag NPs have capacity to induce DNA damage but not 
chromosome damage in cultured human bronchial epithelial cells. [Funded by the European 
Commission (NANODEVICE, CP-IP 211464-2)]. 
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12.7 Occupational Exposure Estimation to Airborne Nanoparticles 
During Production of Biopolymer Nanocomposites (PLA-

NanoClays) 
 

Carla Cots1, Teresa Calvo2, Carlos Fito3 

 

1, 2 ,3 Packaging, Transport and Logistics Research Center, Paterna (Valencia), Spain 
Email: ccots@itene.com 

 
 

One of the most extended applications of nanotechnology, is the development of new 
packaging materials with new functional properties that can better protect the quality and 
safety of the products. The use of those nanomaterials improves properties as thermal 
stability, and mechanical properties of polymers. Therefore is expected the continuous 
growth of nanoparticles in the market [1], however a lack of information exists about the 
nanoparticles possible risk to human health and the environment. The aim of this study is to 
measure the nanoparticles release during the extrusion process of Polylactic Acid (PLA) and 
nanoclays, to obtain a reinforced biopolymer. The methodology used during the present 
study is based on the real time measurement devices.  

The workers exposure was measure during the process, using two equipments: 
NanoTracer/Philips Aerasense and CPC 3007/TSI. As it is shown in the Figure 1, from the 0 
until 35.7 minutes (2144 second) was measured the background of the room, the 
concentration of airborne nanoparticles in the room was under 20.000 particles/cm3. When 
the process started, the concentration of airborne nanoparticles increased until 155.061 
particles/cm3, it suggest that this increase is attributable to the compounding process.  

Regarding the comparability of the results, it has been studied that the correlation factor 
between Nano Tracer and CPC is r2 = 0,91. 

 
 
Figure 1: Concentration of nanoparticles during the extrusion of PLA and nanoclays, measured with Nano Tracer 
from Philips and CPC 3007 from TSI. 
 

[1] Hartmut Fischer et al. Materials Science and Engineering C, 2003; 23 (6-8): 763-772.  

CPC 

Nano Tracer 
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12.8  Nanoparticle uptake and tracking in edible Plant species  
 

Emer Dolan, Kate Sheehy, Jennifer Dorney, Anna Murphy, Alan Casey, Gordon Chambers 
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Email: emersdolan@gmail.com 
 
 

 
The increased use of engineered nanoparticles (ENPs) in consumer goods has raised 
concerns about the potential impact of these materials on the environment. The effect of 
ENPs on plant species in particular is still unclear despite it being an important aspect of any 
environmental risk assessment.  
 
This work will present preliminary results on the effect of ENPs on an edible plant, 
specifically watercress. The particles used were 50nm silver nanoparticles and “Fluorescent 
Microsphere Suspensions” of 50nm and 100nm polystyrene beads. Watercress seeds were 
germinated between filter papers with 10mls of water in an incubator at 25oC. The seeds 
were considered germinated when the stalk exceeded 2mm. The germinated seeds were 
then exposed to nanoparticles via a ‘nano’-doped plant agar. Confocal microscopy and 
spectroscopy was used to investigate ENP uptake, localisation and transport and ICP was 
used to determine concentration ranges of the particles taken up. It was seen that ENP 
concentration, size, aggregation state and hydrophobicity played a significant role in the 
degree of uptake. The results clearly show the ability of watercress seedlings to take up 
nanoparticles from their environment, however no discernable effect on the plants growth 
rate or general health was observed. Confocal microscopy also highlighted the potential for 
ENP’ s to internalization within the plant cells. Future work is planned to further investigate 
the phytotoxicity of the ENP’s. 
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12.9  Comparing Theory With Field Practice; A Nanotechnology 
Practicum 

 
Donald Ewert1 

 
1nanoTox, Inc. Austin, USA 
Email: dewert@nantox.com 

 
The challenge of guiding nanomaterial processers through the maze of information and 
occupational health recommendations that stream across the information highway can be 
daunting for most organizations.  This presentation will provide the audience with a real life 
example of how guidance and protocols from a myriad of information sources1 was drawn 
together to develop recommendations on path forward for one international client.  More 
specifically, nanoTox will present the results of its efforts to collate good practices from 
agencies across the globe including applications in toxicology, environmental health, 
industrial hygiene, medical surveillance, and risk management.  The presentation will then 
demonstrate how this information was applied to guide the practices on one nanoTox client 
in their management of occupational and environmental exposures involving an array of 
nanomaterials. 
 
To facilitate the purpose of this work, nanoTox utilized a sampling of guidance published by 
SAFENANO2, NIOSH3, OECD4, IRSST5, and SECO6 and engaged in a number of active 
discussion venues including AIHA, NanoImpactNet, GoodNanoGuide, and other professional 
venues.  From these resources, we created a compendium of good practices including 
specific methods and techniques for managing nanotechnology programs across a wide 
range of activities.  Based upon the experience gained from this effort, nanoTox will describe 
those practices which proved successful as well as those which we found to be in need of 
improvement.  In the end, this presentation will provide the nanotechnology occupational 
health and policy development community with feedback from the perspective of a 
commercial interest who proffers this guidance as one means of promoting successful 
OEHS.  
 
[1] NCEO. May, 2011.  Nanotechnology – Health & Safety Protocols and Good Practices; 

Reviews of Nano Health & Safety Protocols and Good Practices. Nanotechnology Citizen 
Engagement Organization. May, 2011. http://www.nanoceo.net/nanorisks/OHS-Protocols-
Best-Practices. 

[2] SAFENANO. Key Guidance for Managing the Potential Risks of Nanotechnology. 20-11-
2011. http://www.safenano.org/KnowledgeBase/Guidance.aspx. 

[3] NIOSH. Approaches to Safe Nanotechnology. National Institute for Occupational Safety 
and Health. March, 2009. http://www.cdc.gov/niosh/docs/2009-125/pdfs/2009-125.pdf. 

[4] OECD. Compilation of Nanomaterial Exposure Mitigation Guidelines Relating to 
Laboratories. Organization for Economic Co-operation and Development. 01-12-2010. 
http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=env/jm/mono(2010)47&
doclanguage=en. 

[5] Claude Ostiguy et. al. Engineered Nanoparticles, Current Knowledge About OHS Risks 
and Prevention Measures. Institut de Recherche Robert-Sauvé en Santé et en Sécurité 
du Travail. Report R-656.  http://www.irsst.qc.ca/media/documents/PubIRSST/R-656.pdf. 

[6] SECO. Safety Data Sheet (SDS) Guidelines for Synthetic Nanomaterials. State 
Secretariat for Economic Affairs – Switzerland. 21-12-2010. 
Nano_SDB_Leitfaden_dez2010_en.pdf  
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12.10  Oral Uptake Studies: Transport of Neutrally Charged 
Polystyrene Nanoparticles Into/Across the Buccal Mucosa 

 
Birgit Teubl1, Eleonore Fröhlich2, Andreas Eitzlmayr3, Claudia Meindl2, Andreas Falk4, Eva 

Roblegg1 

 
1Institute of Pharmaceutical Sciences, Karl-Franzens University Graz, Austria 

2Center for Medical Research, Medical University of Graz, Austria 
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4 BioNanoNet Forschungsgesellschaft mbH, Graz, Austria 
Email: eva.roblegg@uni-graz.at, andreas.falk@bionanonet.at 

 

Uncontrolled uptake of xenobiotics into the buccal mucosa is prevented due to barrier 
mechanisms consisting of cellular (epithelium) and acellular parts (dead cells, mucus). 
However, recent studies demonstrated that viruses, like the Norwalk virus with a size of 38 
nm and the human papilloma virus with a size of 55 nm, are able to cross human barriers 
and infiltrate mucosal tissues. In order to evaluate whether nanoparticles are able to 
penetrate/permeate the buccal mucosa or not, 25 and 200 nm neutrally charged polystyrene 
particles (PP) were used as model particles. The physicochemical properties (i.e., size and 
zeta potential) in biological media (saliva) were measured with PCS, and the surface 
hydophilicity/hydrophobicity was determined with the Rose Bengal adsorption method. The 
transport studies into excised porcine buccal mucosa were performed at 37°C with static 
Franz diffusion cells. Prior to every experiment, the viability and the structural integrity of the 
tissue were tested. Additionally, all studies were performed at 4°C to differentiate between 
active and passive transport mechanisms. To study the dynamics of the particles, the 
diffusion coefficients were evaluated based on images acquired from the ex-vivo studies. In 
MQ water dispersion was best and smallest sizes were recorded. Particles, dispersed in 
saliva, increased in size and decreased in surface charge due to aggregation/formation of a 
protein corona. PP particles exhibited hydrophilic surface properties. Thereby, the larger 
particles appeared less hydrophilic (K=0.09 ml/mg) than the smaller particles (K=0.02 
ml/mg). The 25 and 200 nm particles permeated the mucus layer and penetrated into the 
buccal epithelium with uptake rates of 2.69% ± 0.15% (Figure 1a) and 9.25% ± 2.64% 
(Figure 1b). Decreasing the temperature to 4°C reduced the particle uptake markedly. The 
200 nm particles showed a diffusion coefficient of 9.09·10-14 m²/s. In contrast, for the smaller 
particles the diffusion coefficient was 172-fold lower (5.28·10-16 m²/s).  

 
Figure 1: Cross section of the oral mucosa; penetration of a) 25 nm PP and b) 200 nm PP particles (red). 
The transport mechanisms of particles are governed by two routes, i) the passive diffusion 
and ii) the endocytotic pathways. However, 200 nm PP particles penetrate the epithelium 
more rapidly than 25 nm particles, indicating that the size determines the uptake rate. This is 
due to the fact that smaller particles are hindered by pockets, formed by the mucus network. 
Furthermore, larger particles enhance the uptake rate due to the formation of pores in the 
epithelium.  
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12.11  European Center for Nanotoxicology –An Austrian Example 
of a European Hub in Nanotoxicology 

 

A.Falk1,2, S.Hartl1, E.Fröhlich3, A.Zimmer4, E.Roblegg4, F.Sinner1,2 
 

1 BioNanoNet Forschungsgesellschaft mbH, Graz, Austria 
2 Institute for Biomedicine and Health Sciences, Joanneum Research, Graz, Austria 

3 Center for Medical Research, Medical University of Graz, Austria 
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Introduction: Nanotechnologies and Nanomedicine are promising fields of scientific research. 
Experts expect a huge economic and social impact from Nanotechnologies and 
Nanomedicine in the next decades. New properties associated with size smaller than 100 nm 
opens a new world of applications. At the same time, possible toxicological aspects 
associated with nanotechnologies are being discussed in the scientific community. 
Nanotoxicity, possibly resulting from altered chemical and physical behaviour of 
nanoparticles compared to bulk material, is a major concern nowadays. These phenomena 
are believed to be related to the extreme high specific surface area and altered 
electrochemical properties of nanoparticles. The investigation of nanomaterials in terms of 
their toxicological behaviour is an extremely multidisciplinary challenge. Toxicology of non-
nano chemicals is a well established procedure. Unfortunately, Nanotoxicology is quite more 
complicated and standard protocols in Toxicology can not be used. Nanomaterials have to 
be investigated in detail for different parameters like size, size distribution, shape, charge, 
etc. Furthermore, interaction with different matrices like blood, interstitial fluid, buffers, etc. 
influences significantly nanomaterials like, agglomeration, size distribution, charge, etc. In 
consequence, nanotoxicology needs new standardised protocols which are able to deal with 
the extreme complexity of nanomaterials and their toxicological behaviour! 

Focus: To build a national contact point for nanotoxicology, the BioNanoNet as a network 
company, has initiated the build up of the European Center of Nanotoxicology (www.euro-
nanotox.at). This virtual center unites all Austrian Experts in the field of Nanotoxicology and 
helps to develop standardized methods. EURO-NanoTox initiates research projects together 
with its members and it links Austrian activities in the field of nanotoxicology to European 
activities. 

Within this contribution the European Center for Nanotoxicology will be presented as the 
Austrian example of a European hub in nanotoxicology. The general strategy of a stepwise 
approach to investigate nanomaterials in respect of their potential toxic properties will also be 
shown. Furthermore, the ONLINE-Journal “EURO-NanoTox-Letters” will be presented. 
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12.12  Evaluation of Risks to human health based on the surface 
area monitoring during clay-nanoparticles compounding  

 
Carlos Fito1, Carla Cots 1, Riccardo Concu1 

 

1Packaging, Transport and Logistics Research Center, Paterna (Valencia), Spain 
Email: cfito@itene.com 

 

The use of clay nanoparticles in polymers to produce polymer nanocomposites (PNC) by 
melt compounding raises many questions and generates concerns, due to the fragmentary 
scientific knowledge of their health and safety risks. Simultaneously, several studies show a 
substantial release of nanoparticles from synthetic polymers [1].  
 
In view of such situation, this study is intended to assess the risk posed by the use of clay-
NPs during the extrusion process of Polylactic Acid (PLA) and nanoclays. To this end, we 
have characterized the particle surface area deposited in the alveolar (AL) and trachea-
bronchial (TB) sections of the respiratory tract, which appear to be more reasonable 
parameters for doses in terms of exposure [2]. The measurements have been conducted by 
the Philips Aerasense NP monitor that provides real time information.  
 
The data collected show a relevant increase in the NPs surface area concentration during 
the compounding process. As it´s shown in figure 1, the surface area deposited in the 
alveolar region is significantly higher than other regions, which implies a higher level of risks 
to workers exposed, considering that the gas exchange with the blood occurs in the alveolar 
region of the lung, being likely the translocation of NPs into the blood stream. 

 
Figure 1. Surface area concentration per unit volume of inhaled air during the extrusion of PLA and nanoclays, 
measured with the Aerasense NP monitor from Philips.  

 
[1]  Hsu L, Chein H. 2007. Journal of Nanoparticle Research 9:157–63. 
[2] Höhr D et al. 2002. International Journal of Hygiene and Environmental Healt 205: 239-
244. 
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12.13  Measuring exposure to MNO at different workplaces in the 
Netherlands 

 
Wouter Fransman1, Cindy Bekker1, Roel Engel2, Babs van Manen-Vernooij2 
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2 TNO Triskelion, The Netherlands 
Email: wouter.fransman@tno.nl 

 
 

Currently, there is a great paucity of exposure information for worker exposure scenarios to 
manufactured nano objects (MNO). Only very rough exposure estimates are available that do 
not cover all processes across the life-cycle of manufactured nano objects, MNO-containing 
products and determinants of exposure. Hence, there is a need for new state-of-the art 
measurement strategies and exposure surveys to further investigate the assessment and 
characterization of exposure to MNO. The results of such surveys provide good insight into 
current levels of exposure across the life-cycle of MNO and thus provide clues for 
prioritization of control measures. Accordingly, a new generation of models is needed that 
enables the prediction of personal MNO exposure for risk assessment and risk management. 

 
In 2011, a large collaborative project called NanoNextNL was initiated in the Netherlands, of 
which one project part aims to provide more insight into the exposure to MNO at different 
workplaces across the life cycle of MNO. Based on the conceptual mechanistic worker 
exposure model that has been developed [1], exposure scenarios identified in the Dutch 
industrial sectors across the lifecycle of MNO will be monitored in the coming four years and 
exposure measurements will be collected. The used measurement strategy for sample 
collection has been shared and discussed within the PEROSH and NanoImpactNet 
initiatives. 
 
First measurements have been collected in 2011 and the results of those measurements will 
be presented. Several issues of sample collection and analysis will be further discussed. For 
instance, in some instances the product information sheets did not provide insight in whether 
the product contained MNO or not, so characterization of samples with SEM/EDX was 
needed to identify MNO in the product. In addition, the exposure measurement results 
revealed the occurrence of high levels of ultrafine particles (UFP) (other than MNO) in the 
workroom air, which distorted the interpretation of results. Furthermore, the real-time 
measurement equipment resulted in large amounts of data, typically with sampling intervals 
of 1-30 seconds. To statistically test for task effects on exposure in contrast to the 
conventional use of the standard T-test procedures, we propose the use of ARIMA time-
series methods. 
 
Solving these issues and challenges of detecting MNO at the workplace will assist us in 
improving the measurement strategy for measuring exposure to MNO. Together with results 
from experimental studies, that are conducted under controlled conditions to identify 
determinants of exposure, the characterization of exposure to MNO will improve and 
exposure assessment models will be further developed. 
 

 [1]  Schneider T et al. 2011. Conceptual model for assessment of inhalation exposure to 

manufactured nanoparticles. J Exp Sc Environ Epidem; 21: 450-463.  
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12.14  Transnational Access to VITO’s Occupational Exposure 
Assessment Facility 

 

Evelien Frijns1, Inge Nelissen1,2, Patrick Berghmans1 
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The QNano Transnational Access (TA) element is dedicated providing users from the 
European nanosafety community access to nanomaterials processing, characterisation and 
exposure assessment facilities. Proposals for access may be submitted in response to calls. 
The calls and the application forms are available online (http://www.qnano-ri.eu/).  
 
VITO Belgium offers their occupational exposure assessment facility for Transnational 
Access which includes: 

 Instrumentation to determine particle concentration (number, surface area, charge, 
sampling) and particle size in air; 

 Specific  nano aerosol generators; 

 An indoor aerosol test chamber. 
 
Because field testing is difficult to arrange, expensive and usually uncontrolled, the 
instrumentation and test chamber can be used to: 

 simulate processes (abrasion, wear and tear) and activities (nano powder handling) 
emitting nanoparticles; 

 generate nano aerosols and study aerosol physics (e.g. dispersion, agglomeration); 

 identify processes likely to produce highest occupational exposures 

 characterize temporal and spatial variations of aerosol concentrations at specific 
nano processing 

 evaluate performance of real-life engineering controls of nano aerosol 

 (inter)compare instrumentation; 

 optimize measurement methodologies and sampling techniques. 
 
 
 
 
 
 
 
 

 

 
 

 

  

Specifications aerosol test chamber: 

 Size: 6 (l) x 4 (w) x 3 (h) = 72 m3 

 Negative pressure system (safety) 

 Controllable flows (inlet/outlet/recirculation) 

 HEPA filtered inlet (particle free) also adaptable to unfiltered inlet (background) 

 HEPA filtered exhaust 

 A panel perpendicular to the flow for injecting generated aerosol  

 Panels for guiding through sample inlet tubes 

 Possibility to split up into two rooms through movable panels with flow circulation 

 Temperature and humidity monitoring and logging 

mailto:evelien.frijns@vito.be
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12.15  Fluorescence labeling and detecting nanoparticles inside live 
cell 
 

Maja Garvas1, Tilen Koklič1, Polona Umek1 , Janez Štrancar1   
 

1Jožef Stefan Institute, Ljubljana, Slovenia. 
Email: maja.garvasv@ijs.si 

 
 

Recently, the number of different applications of nanomaterials is dramatically increasing, 
especially in the fields of chemical, food, cosmetic and electronic industry, as well as 
environmental technology and medicine. Although they bring much new functionality, their 
exact impact on human health and the environment is still not predictable. Their 
characteristics, such as size, surface charge, and functionalization, play crucial role in 
particle-cell interaction. Despite of aggregation of nanoparticles in solution, they can actually 
be identified inside the cell.  

There are many scientific results until now about different particles which were in some ways 
labeled during their synthesis, but our question is, are we capable of stable labeling specific 
nanoparticles, titanate nanoparticles, which are nowadays very used in different fields (self 
cleaning surfaces, water cleaning, cosmetics,...) and monitor their interaction with live cells? 

We succeed to overcome the fuctionalization problem of titanate nanoparticles with 
fluorescence molecule. To prove they are able to penetrate the cell membrane and locate 
within the cell, new tool has been developed - fluorescence microspectroscopy[1]. Method 

enables us to detect objects via detecting the whole emission spectral response in every 
voxel of the image even they are smaller than optical resolution. Two different fluorophores 
was used to label both, nanomaterial and specific part(s) inside cell enabling the 
contemporaneous co-localization of the both labeled objects even if they are located in the 
same volume element.  

We also monitor a cytotoxicity effect of material in different concentrations on cell line with 
cell viability test. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [1]  Arsov, Z et al.  2011.  Fluorescence microspectroscopy as a tool to study mechanism of 
nanoparticles delivery into living cancer cells. Biomedical optics express vol. 2, no. 8, p. 
2083-2095 
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12.16  Interaction of nanoparticles used in medical applications with 
lung epithelial cells: uptake, cytotoxicity, genotoxicity, 

oxidative stress and proinflammatory response 

 

Rina Guadagnini(1), Sandra Vranic (1), Salik Hussain (1), Kevin Moreau (1), Busi Florent (1), 
Armelle Baeza (1), Francelyne Marano (1), Sonja Boland (1) 

 
1Univ Paris Diderot, (Sorbonne Paris Cité), Unit of Functional and Adaptive Biology (BFA) 
Lab of Molecular and Cellular Responses to Xenobiotics, CNRS EAC 4413, 5 rue Thomas 

Mann, 75205 Paris cedex 13, France 
Email: rina.guadagnini@univ-paris-diderot.fr 

 

In view of the considerable development of nanotechnologies and nanomedicine it is 
important to evaluate the potential risk of NPs used in medical application for human health. 
Our goal was to determine the effects of nanoparticles (NPs) on the lung as first target during 
inhalation of NPs.  

We investigated the effects of different NPs [titanium dioxide (TiO2), poly (lactic-co-glycolic 
acid) (PLGA) with different coatings (PEO, chitosan, pluronic, PVA), iron (Fe3O4, coated or 
not with oleic acid) and silica of different sizes (SiO2 25nm and 50nm)] on human bronchial 
(16HBE line) and human alveolar type II cells (A549 line) after 24 and 48 hours of treatment. 
We evaluated the cytotoxicity of these NPs by WST-1 assay and propidium iodide 
incorporation. We investigated the genotoxic potentials of NPs by Comet Assay and 
endocytosis by flow cytometry. We measured also the induction of oxidative stress by 
dihydroethidium oxidation (flow cytometry) and we determined the production of cytokines 
(GM-CSF, IL-8, IL-6, IL-1beta) by ELISA and by RT- qPCR.  

We have shown that toxicity depends on particle type, size and coating: PLGA is not toxic at 
any of the concentrations used, TiO2 has low toxicity, SiO2 25nm is more toxic than SiO2 

50nm and coated iron oxide is more toxic than naked iron oxide. We have noticed that NPs 
can be internalized by cells in a dose dependent manner. We have demonstrated that NPs 
have different abilities to induce oxidative stress which may be related to pro-inflammatory 
responses as results show that at non toxic concentrations these NPs can induce cytokine 
production in airway epithelial cells. Furthermore some NPs are genotoxic even at non toxic 
concentrations. 

In conclusion, NPs could be taken up by lung epithelial cells and could lead to oxidative 
stress and cell death but also to inflammation and genotoxicity at lower concentrations. 
These effects depend on particle type, size and coatings. 

Supported by FP7 program n°201335  NanoTEST and Afsset n° EST-2008/1/49.  
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12.17 Genotoxicity of nanofibrillated celluloses in human bronchial 
epithelial cells in vitro as measured by enzyme comet assay 

 

Kati-Susanna Hannukainen, Satu Suhonen, Julia Catalan, Kai Savolainen, Hannu Norppa 

 

Nanosafety Research Center, Finnish Institute of Occupational Health, 
Topeliuksenkatu 41aA, 00250 Helsinki; Finland 

Email: kati.hannukainen@ttl.fi 
 

Nanofibrillated celluloses (NFCs) are among the most promising innovations in the forest 
sector, with a variety of new applications, from moldable light-weight and high-strenght 
materials to new approaches in the electronics and pharmaceutical industry. 

The aim of the present study was to examine in vitro the potential genotoxicity of two NFCs 
in human bronchial epithelial BEAS 2B cells. One NFC was prepared by Masuko grinding 
using enzymatic pretreatment (NFC-1) and the other by micro fluidization using pretreatment 
by tempo oxidation (NFC-2). Cytotoxicity was analyzed at 3 exposure times (4, 24 and 48 h) 
at 7 doses (9.5-950 µg/cm2) by propidium iodine staining and luminometric assay. As 
cytotoxicity did not reach the 50% level at any of the doses testes, 950 µg/cm2 was chosen 
as the highest dose to be assessed in the genotoxicity assays. DNA damage was studied 
using the comet assay and oxidative DNA damage by applying the enzyme comet assay with 
FPG (formamidopyrimidine [fapy]-DNA glycosylase) after a 24-h treatment. 

In the experiment for oxidative DNA damage, cells treated with buffer solution instead of FPG 
were used to indicate non-oxidative DNA-damage. In these cells, treatment with NFC-1 
induced a significant increase in DNA damage at the two highest doses examined (125 and 
250 µg/cm3), with a dose-dependent effect. In the FPG-series, a statistically significant 
increase in oxidative DNA damage in comparison with controls treated with FPG only was 
seen at 120 µg/cm2 of NFC-1, but no oxidative DNA damage was detected. In a parallel 
experiment where the samples were not treated with FPG or the buffer solution, no 
statistically significant induction of DNA damage by NFC-2 was seen, suggesting variation in 
results between similar experiments. 

NFC-2 showed a statistically significant increase in non-oxidative DNA damage in the buffer 
series at the highest evaluable dose (250 µg/cm3) only, with a positive dose response. With 
FPG, a significant increase in DNA damage was obtained at 5 µg/cm3 of NFC-2 which was 
also the only dose that suggested oxidative DNA damage. In a parallel comet assay without 
FPG or buffer, a statistically significant increase in DNA damage was seen at 5 and 15 
µg/cm3 of NFC-2.  

In conclusion, both NFCs showed low cytotoxicity NFC-1 induced DNA damage in BEAS 2B 
cells, but no induction of oxidative DNA damage was seen. Also NFC-2 was able to produce 
DNA damage in BEAS 2B cells and there was a sporadic indication of oxidative DNA 
damage at one dose. Thus far, the FPG-modified comet assay has not widely been applied 
to studies with fibrous nanomaterials. There is a possibility that some FPG may bind to the 
test material during the treatment of nucleoids with this enzyme. However, it is presently 
unclear whether this could have happened in the present study. [Supported by European 
Commission, SUNPAP, NMP-2008-1.2-1].  
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12.18 Nanoparticle Tracking and Analysis for nanoparticle 
characterisation – Challenges and solutions to in situ and 

complex media 
 

Agnieszka Siupa, Jonathan Smith, Phil Vincent, Patrick Hole 
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Email: Patrick.hole@nanosight.com 

 
 
Nanoparticle Tracking and Analysis (NTA) is a novel characterisation technique which has 
grown in recognition as a key technique in the field of nanotoxicological testing recently. The 
technique differs from the more established technique Dynamic Light Scattering (DLS) in that 
it measures a number based size distribution and can therefore give size-binned 
concentration measurements. To date, NTA has primarily been for use in the 
characterisation of nanoparticles by size distribution and concentration prior to exposure to 
complex media. 
 
Here studies will be shown where the barrier has been pushed past the measurement of size 
distribution towards a more complex and biologically relevant situation.  
 
Suspending particles in different ‘clean’ suspensions such as PBS, is straight forward as 
there are typically no additional scattering entities within the suspension to confound the 
measurement. Suspending particles in, for example, filtered medium is also possible and 
gives more information about how the nanoparticles are affected by the presence of proteins 
in the suspension. 
 
However to proceed to measurements in a more complex matrix will typically require some 
form of labelling in order to identify a sub-population from within the matrix. The most suitable 
form of labelling applicable to such a technique is fluorescence labelling. The issues 
encountered and, where possible, the adaptations employed will be discussed, along with 
some recent data showing how this may help in real-life challenges.  
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12.19 Rethinking Characterisation: Complexity and Uncertainty in 
Characterising Nano-objects. 

 

Geoffrey Hunt and Michael Riediker 

Research Professor, Centre for Bioethics & Emerging Technologies, St Mary’s University 
College, Twickenham, London, TW1 4SX 

 

nanotechnology, nanoscience, metrology, nanomaterials, nanoparticles, the nanoscale, 
characterisation, scale variance, advanced analytic instruments, nanoscale properties, 
surface area, instability, uncertainty, quantum effects, actual ambience. 

This paper draws attention to conceptual problems of characterisation, and belongs within 
the discipline of philosophy of science. The author argues that a paradigm shift is necessary 
to make real progress in understanding the environmental effects of nano-objects. 

Nano-characterisation is the technical description of the physical, chemical and 
biological properties and structure of materials at the nanoscale, using advanced instruments 
and techniques. Analysis aims at an understanding of the internal components, structures, 
interactions, relations and behaviours of a sample of material for some specific purpose. 
Nanotechnologists regard characterisation as the major challenge in the understanding and 
control of nanomaterials for applications in medicine, electronics, materials, sensors and 
imaging, energy and insulation and consumer goods. Even simple characteristics such as 
size, shape and surface area may be difficult to determine. 

In the past it was thought that ‘intensive properties, such as melting and boiling point, 
solubility and conductivity were independent of amount or scale, but the attraction and risks 
of nanotechnology arise from the emergence of novel and unexpected properties as one 
descends to the nanoscale. Thus at the nanoscale the optical characteristics of Au, Ag and 
Ti change; magnetic properties of materials may change due to thermal energy effects; the 
heat resistance and strength of nanotubes of Carbon are surprising; nanoscale insulators 
become conductive by quantum-tunnelling; and the catalytic efficacy of substances thought 
to be relatively inert increase dramatically.  

 Questions about characterisation on the nanoscale are often set within the 
assumptions of higher scale materials and in a reductionist manner. Too much emphasis is 
sometimes put on simply refining advanced instruments such as the atomic force microscope 
and scanning tunnelling microscopic and new spectroscopic techniques. It is often a 
misconception that a ‘full characterisation’ of a nanomaterial will enable understanding, 
prediction and control. A new approach will set questions within the context of complexity, 
scale variance, time-dimension, ambient conditions and uncertainty. 

The nanoparticle’s characteristic is a function of the method and instrument that 
characterised it. In an application the nanoparticle’s characteristic is a function of its 
‘relations’, that is, a different scale, ambience and time-slot will mean a different 
characteristic. At the nanoscale the gap between laboratory and reality will be much bigger 
than anything we are used to at higher (bulk) scales.  

 To avoid R&D failures due to the inappropriateness of orthodox characterisation 
approaches for the particular functionality of a proposed nanotechnology application, 
nanotechnologists will have to be creative. Most characterisation is done in the context of 
safety and industrial chemicals, which too narrowly defines the field e.g. by OECD. In a 
complexity theory framework nanotechnologists will go beyond ‘trial and error’ to theoretical 
approaches; diversify characterisation methods while making them more specific or ‘tailor-
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made’ to the particular objective; take novel approaches to the relativity that the 
characterisation data will have to the method/instrument employed; for meaningful and valid 
determinations for applications they will take better account of the specific context, ambience 
and dynamic relations of the material by using multiple methods; deal with issues such as 
purity and polymorphism; take theoretical account of non-linearities, chaos and uncertainty; 
take account of the limitations and uncertainties of nanometrology; and understand the 
nature of radical instability and quantum effects. 
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12.20 Human Embryonic Stem Cells – a good model for 
developmental nanotoxicity?  

 

Fulton Norma1, Catherine Fyfe2, John Gardner2, Gary R. Hutchison1 
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The use of new emerging nanotechnology platforms for use in stem cell expansion, 
differentiation and potential therapy models holds great promise for future disease diagnosis, 
drug toxicity and treatments.  Nanotechnology is already utilised in various stem cell 
platforms; for example magnetic nanoparticles for in vivo tracking, quantum dots for 
monitoring stem cell fate and regenerative potential, intracellular delivery of genetic material, 
proteins, peptides and drugs.  IVF clinics are researching the use of nanoparticles tag IVF 
embryos in an attempt to reduce time and cost.  There is a requirement, in this case, to find a 
non toxic nanoparticle tag.   

Engineered nanoparticles are considered to be 1-100nm in size and are therefore ideal 
candidates for the above techniques. Each nanoparticle can vary in size, chemical and 
physical properties. The full toxicological effect of using engineered nanoparticles in 
nanomedicine has yet to be evaluated fully.  These studies aim to assess the impact of 
nanoparticles on human embryonic stem cells (hESC) derived under GMP conditions. 
Information gathered from these studies will potentially impact on the future use on 
nanotechnology in stem cell platforms for, but also offers the potential to develop a more 
human model to better predict the impact of nanomaterials on early stages of embryo 
development.   

Methods: 35nm (nano) silver and its 0.6-1.6 m (bulk) equivalent (Nanostructured & 
Amorphous Materials) were exposed  at various doses and times to two hESC lines (RCM1, 
XX and RC7, XY) to assess impact and whether lineage could alter the cells response. All 
data was compared against an untreated control.  Cellular uptake was measured using TEM 
and cytotoxicity was assessed comparing WST-1, ATP-depletion and LDH, assays. 
Statistical analyses for cytotoxicity assays were analysed on an n=3 data set by ANNOVA 
and post-hoc test.   

Results:  TEM micrographs showed that both nano and bulk silver was detected inside the 
cytosol of the cell at high doses (up to 100µg/ml). Toxicity was observed, via WST-1 
analysis, in 35nm and bulk silver respectively. An LC50 value of 15.63-31.25 μg/cm2 was 
recorded for both RCM1 and RC7 cell lines after 35nm silver exposure. RCM1 cells treated 
with bulk silver seemed to induce greater toxicity at lower concentrations than nano silver at 
comparable doses (3.9-7.8 μg/cm2). Overall statistics proved that there was no significant 
difference between cell lines, but there was a significant dose effect (P<0.0001) and a 
significant difference between treatment groups (P<0.05). The usefulness of ATP and LDH 
as suitable cyotoxicity assay for hESC cells requires further investigation.  

Conclusions: Preliminary results suggest that both nano and its bulk equivalent show that 
silver may be having a toxic effect on human embryonic stem cells, rather than a specific 
nano effect.  More research is required to investigate exposure time. The data suggests that 
particles are able to enter the cells and not induce toxicity at low doses and thus further 
studies are planned to investigate the effect of exposure to sub-lethal doses on markers of 
pluripotency, differentiation potential and the cells ability to form embryoid bodies.   
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12.21 Screening the Cytotoxicity of Single-Walled Carbon 
Nanotubes Using Novel 3D Tissue-Mimetic Models 
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Introduction 
Synthetic carbon allotropes, such as single-walled carbon nanotubes (SWNTs), represent a 
growing family of fascinating nanomaterials with outstanding properties that are relevant in 
many potential biomedical applications, ranging from drug delivery systems to imaging 
probes. These novel technologies are very exciting but they require considerable 
development and precaution before they can be 
translated into realistic, clinical-relevant 
biomedical engineering tools. In fact, all the 
studies employing SWNTs in life science are at a 
very early, proof-of-concept stage, as 
systematic preclinical therapeutic data are 

completely lacking. Safety concerns about 
SWNTs’ potential human toxicity are raised by 
their unique properties (such as size, shape 
and composition),1,2 while their diversity from 
bulk materials poses significant challenges over traditional toxicity-screening approaches.3 
Here, we integrate for the first time 3D models in the cytotoxicity assessment of purified (p-) 
and oxidized (o-) SWNTs.4 

Materials and methods 
An established two-step oxidation procedure was employed resulting in SWNTs free from 
toxic metal impurities and characterised by small aspect ratio.5 Human monocytic leukemia 
(THP-1) cells were exposed to p- and o-SWNTs. An established ultrasound standing wave 
trap (USWT) was used to generate the 3D cell aggregates, and results were compared with 
traditional 2D cell culture models (Figure 1). Protein-based (bovine serum albumin) and 
surfactant-based (Pluronic F68) nanotube dispersions were tested and compared to a 
reference suspension in dimethyl sulfoxide (DMSO). The concentrations of natural human 
interleukin-6 (IL-6) and human tumor necrosis factor-alpha (TNF-α) secreted by the exposed 
THP-1 cells were measured by ELISA assays and compared to the relevant controls. 

Results 
Our results indicated that 2D cell cultures were significantly affected by exposure to p- and o-
SWNTs after 24 h, as consistently assessed and showed by high-content screening and 
analysis (HCSA). In particular, our HCSA data indicated that SWNTs can cause cell stress 
no matter the purity grade, the reactive groups present on the SWNT surface, the dispersing 
agent used, and/or the stability of the dispersion. In contrast, p- and o-SWNTs were not toxic 
in the 3D cellular model following a 24 h exposure. Cell viability analysis consistently showed 
no detectable cytotoxic response or cell stress in 3D cell aggregates exposed to p- and o-
SWNTs in situ in the USWTs or in culture. Furthermore, epifluorescent microscopy analysis 
provided evidence that cell death was not localized to the areas where cells were in direct 
contact with the SWNTs. Finally, cytokine (IL-6 and TNF-α) secretion levels were elevated in 
the 2D but remained essentially unchanged in the 3D cell models. 

THP-1 cells

2D cell culture 3D cell aggregates

Figure 1. Schematic of the 
experimental strategy for testing p- and 
o-SWNTs dispersions.  
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CONCLUSIONS 
Our study showed that p- and o-SWNTs were cytotoxic in 2D but not to the same extent in 
3D cell culture models. This clearly demonstrated the importance of 3D cell culture models 
that can be used as alternative in vitro models providing guidance on nanomaterial toxicity 
under experimental conditions more closely related to the physiological scenario. 3D models 
offer help for engineering biocompatible nanomaterials for a range of biological and medical 
applications. 
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12.22  Synthesis and characterization of nano-objects for health 
safety and environmental investigation 
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With a rapid growth of nanotechnology-based products, researchers, manufacturers, 
regulators and consumers are increasingly concerned with their safety and environmental 
impact. A key element of toxicity studies concerning nanomaterials is a detailed and 
comprehensive physicochemical characterization of the material being tested, due to 
evaluate the reason of a possible toxicity. The characterization information allows 
toxicologists and regulators to develop guidelines that could be used to assess potential 
hazards of nanomaterials.  

The aim of this research is the synthesis and subsequent physicochemical characterization 
of industrial relevant nano-objects for toxicological evaluation.  

In this work, protocols for the synthesis of polyvinylpyrrolidone-protected silver particles and 
fluorescent silica core/shell nano-dispersion with well-defined properties for different particle 
diameters have been developed. In this context, the effect of synthesis conditions on the 
particles properties was determined. Physicochemical characterization of the particles 
included measurement of their size/size distribution (DLS, TEM, SEM, AUC), 
aggregation/agglomeration state (DLS, TEM, SEM, AUC), shape (TEM, SEM), specific 
surface area (BET), composition (including chemical composition and crystal structure) 
(XPS, SIMS, XRD), surface chemistry (XPS, SIMS) and surface charge (Zeta potential). It 
was found that the particle size differs according to the characterization method used. As 
such, a wide spectrum of characterization methods is necessary for a detailed evaluation of 
the synthesized nano-objects.  
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12.23  Cancer Treatment in Nanotechnology  

 

Manfred George Krukemeyer, Wolfgang Wagner 

Department of Radio-Oncology 
Paracelsus-Hospital 

Sedanstr. 109 
D- 49076 Osnabrück, Germany 

Email: dr-krukemeyer@t-online.de 

 

 

Oncological surgery as a therapy branch of general surgery is registering a rapid 
development in the form of neoadjuvant treatment. A new concept consists of coupling iron 
oxide [Fe3O4] as a carrier model to substances – called magnetic drug targeting.   

Patient 1: Diagnosis: Terminally differentiated tumour of the breast exulcerated in the final 
stage, mammary carcinoma left. Therapy 20 mg/kg body weight of mitoxantrone coupled to 
iron oxides [Fe3O4] intravenously over 45 minutes. The volume was reduced from 14,9 cm3  
to 8,0 cm3, that is to say 45 %  

Patient 2: Diagnosis: Highly malignant pleomorphic sarcoma of the right upper arm. Therapy 
with 20 mg/kg body weight of mitoxantrone coupled to iron oxides [Fe3O4] over 45 minutes 
intravenously. Result: a reduction of the volume of 439.067 mm3.  

It was possible to show reproducibly that cytostatics can also be sluiced into a tumour in 
humans. No toxic or allergic reactions occurred in humans. 
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12.24 Occupational health risk of co-exposure to fullerene and 
organic industrial chemicals estimated by a molecular 

modelling study 
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Molecular dynamics simulations were used to estimate health risks associated to 
occupational co-exposure to C60 fullerene nanomaterial and five organic industrial chemicals. 
The chemicals studied were acetophenone, benzaldehyde, benzyl alcohol, m-cresol, and 
toluene which all are potentially used with fullerene as reagents or solvents in industrial 
processes. Based on earlier ecotoxicological studies, co-exposure to fullerene and some 
environmental pollutants might be more harmful than exposure to those chemicals alone 
[1,2]. 

 

Molecular dynamics simulations were accomplished with C60 fullerene and five different 
organic chemicals separately in aqueous environment. Fullerene formed complexes with all 
chemicals in simulations. The complexes had a fullerene-rich center and a chemical-rich 
outer layer. The core of the cluster contained all fullerene molecules and the shell of the 
cluster 90-95% of the organic molecules. About 5% of the more hydrophilic compounds 
including benzyl alcohol and m-cresol were located in the core while about 10% of the more 
hydrophobic compounds including acetophenone, benzaldehyde, and toluene were in the 
core, respectively. 

 

Complexation of fullerene with organic industrial chemicals and remaining of organic 
molecules inside the complexes means that the clusters may serve a new route of the 
organic molecules into the body after occupational co-exposure. This kind of clusters might 
be formed, for example, in solvent aerosols in a workplace air or in human lungs after 
exposure. Hydrophobicity of the organic molecule increases its tendency to complex 
formation with fullerene molecules. 

 
 [1]  Baun, A et al.  2008.  Toxicity and bioaccumulation of xenobiotic organic compounds in 
the presence of aqueous suspensions of aggregates of nano-C60. Aquatic Toxicology 86: 
379-387 
 
[2]  Ma, X et al.  2010.  Fullerene nanoparticles affect the fate and uptake of trichloroethylene 
in phytoremediation systems. Environmental Engineering Science 27: 989-992 
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12.25 Validation of the calibrated thrombin generation test (cTGT) as 
the gold standard assay to assess the procoagulant activity of 

nanomaterials. 
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OBJECTIVES : We aimed to validate an universal, fast, accurate, reliable and relevant 
toxicological preclinical screening test to measure the potential impact on coagulation of 
nanoparticles (NP) whatever their physicochemical properties. 

MATERIALS AND METHODS: We evaluated several methods of clotting times and 
thrombin generation assays for their suitability to assess the impact of NP on coagulation in 
human normal pool plasma. Five NP (21 nm CB, 15 nm SiO2, 20 nm TiC, 60 nm SiC and 12 
nm CuO) were studied and chosen for their medical interest together with their various 
physicochemical properties which were extensively characterised. 

RESULTS: The optical clotting time, TAT complex and chromogenic thrombin generation 
assays were unsuited for studying the NP as these latter interfere with the light absorbance 
detection method. With the mechanical clotting time assays, the NP did not modify the PT 
nor the aPTT until 500 µg.mL-1 while the recalcification clotting time (RCT) was 
concentration-dependently decreased. Within calibrated thrombin generation test (cTGT), the 
NP concentration-dependently decreased the lag time and increased the Cmax, and 
especially in contact pathway-induced cTGT. Both RCT and cTGT showed that the studied 
NP exhibited procoagulant activity (SiO2 ≥ SiC ≥ TiC > CuO > CB) but cTGT was more 
specific, sensitive, relevant and rapid than RCT. Moreover, the addition of the Pluronic F-108 
surfactant and/or the sonication for the preparation of the NP suspensions affected their 
procoagulant activity by impacting on their physicochemical parameters. 

CONCLUSION: The cTGT appears as the gold standard assay to assess the NP 
procoagulant activity in human plasma. 

POTENTIAL APPLICATION AND KEY BENEFITS: 
The cTGT would be used as the reference preclinical toxicological screening tool for 
evaluating at an early stage of the manufacturing process the potential impact of 
nanomaterials on coagulation in order to design and develop safe and nontoxic products with 
optimum hemocompatibility.  
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The pulmonary tract is the main exposure pathways to nanoparticles (NPs). In fact, humans 
are exposed every day to diesel exhaust particles containing NPs. In manufacturing 
industries, workers can be accidentally exposed to NPs due to the defect of ventilation 
system or individual protective equipment.  

The physicochemical property of NPs most considered for pulmonary tract exposure is their 
size. The size and shape of a particle determines aerodynamic properties that govern entry, 
depth of penetration, and deposition in the lung.  

The aim of this study is to evaluate the pulmonary impact of NPs after inhalation in a rat 
model. In fact, inhalation model is closer to the reality than instillation for reproduction of 
working conditions, dose generated, and profile of deposition in the pulmonary system. 
Inhalation is also more complex to implement and requires expansive equipments as aerosol 
generator and analyzer.  

We develop and validate a whole-body inhalation exposure model for rats in which animals 
are exposed to an aerosol of NPs. It appears also important to have a continuous monitoring 
of the NP concentration in atmosphere during the experiment. Silicon carbide (SiC) are 
selected for the model development and the pulmonary toxicity study.  
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Silicon carbide nanoparticles (SiC) are used for many applications as in lithium-ion 
batteries, in cosmetics, and in particular in ceramic plates of bulletproof jacket vests. Due to 
their increased presence in daily life, it appears important to evaluate the impact of SiC on 
the pulmonary tract. We evaluate them in a whole body inhalation exposure rat model after 
acute exposure (6 hours per days). 

Rats are sacrificed directly after the 6 hours of exposure, 24 hours or 72 hours later. 
Many analyses are performed in bronchoalveolar lavage fluid (BALF) as cells count and 
differentiation, lactate dehydrogenase and total proteins dosage. A complete 
histopathological examination is also performed. Analyses shown that SiC can induce lung 
inflammation after inhalation with a thickening of alveolar wall and the presence of 
neutrophils in the BALF. The macrophages observation indicate that they are filled with SiC. 
We can conclude that SiC are able to induce lung inflammation after inhalation in rat.  
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With regard to nanomaterials, cosmetics as the first category among consumer products will 
be subjected to specific requirements in the frame of European Regulation (EC) No 
1223/2009. This regulation will enter into force by 11th of July 2013. From this date onwards, 
nanomaterials used in cosmetics have to be characterized regarding their chemical 
composition, particle sizes and a wide range of additional physico-chemical properties. The 
toxicological profiles and foreseeable exposure conditions will also require evaluation for all 
nano-furnished new cosmetic items prior to entering the market.  

Food contact materials are covered by EC Regulation No 1935/2004 of 27th of October 2004. 
As a specific measure positive lists of substances which are intended to come into contact 
with food are already well established under EC regulation 10/2011. With this regulation 
specific information regarding nano-sized components in food contact materials is requested 
for the first time. The risk assessment is performed by the authorities on a case by case 
basis.  

At the same time there is a great need for reliable information on the presence and the kinds 
of application of nanomaterials in consumer products to allow for a proper assessment of 
potential health risks. Although stipulated by many regulatory bodies throughout Europe, the 
demand to estimate health risks reveals still largely unmet.  

Overcoming this hurdle different bodies created various databases and repositories including 
items labeled with the term ‘nano’ for product characterization, suggesting that these 
commodities contain nanomaterials or are enabled with nanotechnology. As most of the 
existing repositories are unsolicited, the given databases reveal inhomogeneous and 
uncertain. Sometimes the ‘nano’ claim is used for marketing reasons only. On the other 
hand, the total number of items in which nanomaterials are present, but which remain 
unclaimed on the package is unknown. 

To gain a more profound knowledge on the real exposure levels of consumers against 
nanomaterials, suitable sensitive, robust and validated analytical techniques are needed to 
determine its presence and release specifically and correctly. In this regard, nanomaterials 
should be characterized and quantified in their matrix, for example in foodstuffs or cosmetics, 
or in spray aerosols upon release. In light of the limited number of products investigated so 
far, the interpretations and conclusions presented can only be considered preliminary toward 
the reach of the final goal of enabling toxicologically sound and in depth exposure 
assessments of nanomaterials.  
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With the advent of the discovery of nanomaterials (NMs) and their fundamental different 
properties than bulk materials, there has been a rush in the industry to produce and use 
these new materials in different product, touching a wide area from semiconductors, 
medicine, products of personal use, and food. There are health concerns regarding the use 
of NMs. The size of NMs coupled to the complex biological matrices they can be surrounded 
(i.e. organs, cell culture media, etc.) makes it difficult to provide a proper quantification. We 
propose PIXE (Particle Induced X-ray Emission) as a competitive technique able to address 
challenge of high sensitivity quantification (ppm) in samples both solid and liquid.  
 
Here we illustrate the use of PIXE in three different case studies: 1) the biopersistence of SiC 
and TiC nanoparticles in lungs; 2) the biodistribution of ingested SiC measured through feces 
excretion and other organs where it is found that while the SiC dose was not toxic the organ 
composition was affected; and, 3) the quantification of nanomaterials in liquids through our 
recently setup for non-vacuum measurements. These case studies highlight the potential of 
PIXE as a technique to quantify both NMs and their surrounding matrices with a minimal 
sample conditioning. 
  

mailto:omar.lozanogarcia@fundp.ac.be


 

 

 

 

Abstract Book - 99 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

12.30 Stability of SiC and TiC nanoparticles during in vitro 
assessment 

 
Jorge Mejia¹, Vanessa Valembois1, Jean-Pascal Piret2, Christelle Saout², Bernard Masereel3, 

Olivier Toussaint2, Stéphane Lucas1 

 
1Research Centre for the Physics of Matter and Radiation (PMR-LARN) 

2Laboratory of Biochemistry and Cellular Biology (URBC) 
3Department of Pharmacy, Drug Design & Discovery Center (D3C), Namur Thrombosis and 

Hemostasis Center (NTHC). NAmur Research Institute for LIfe Sciences (NARILIS), 
University of Namur (FUNDP), Rue de Bruxelles 61, B-500 Namur, Belgium 

Email: jorge.mejiamendoza@fundp.ac.be 
 
 

The evaluation of the risks associated to nanoparticles on the human health is a subject of 
crucial importance nowadays. The nanoparticles need to be “processed” (pre-dispersed in 
aqueous solutions and dispersed in culture media for in vitro assays) to be adequately 
assessed.  
 
In this work, several techniques (SEM, TEM, CLS, EDX, XPS) were used to adequately 
characterize the changes produced in the pre-dispersion of Silicon Carbide and Titanium 
Carbide nanoparticles. From the obtained results, it was found that the pre-dispersion and 
culture medium dispersion stages produced modifications on their physicochemical 
properties. Most of the changes observed were related to the particle size distribution, the 
agglomeration state and the surface composition.  
 
This work will present the results of the detailed characterization of the physicochemical 
properties of the Silicon Carbide and Titanium Carbide nanoparticles, during the pre-
dispersion and the culture medium dispersion. The results will describe the modifications of 
some key parameters: the particle size distribution, the agglomeration state and the surface 
composition. The validity of the individual approach will be restated in light of the 
modifications undergone from the raw conditions, the effective dose uptake and their 
dependence on the culture medium used. 
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Nano metals have been shown to display remarkable antimicrobial effects which have lead to 
their application in the food industry as such understandably concerns have been raised on 
the fate and effect of ingested nanoparticles. Traditionally surfactant systems have been 
extensively used to aid in the processing of various nanoparticles and in some cases have 
been shown to assist in the isolation of individual nanoparticles from lager agglomerates. In 
this study the physical effect of various bio surfactants commonly found in the digestive tract 
on nano silver will be studied in an attempt to determine the fate and effect of accidental 
particle ingestion.  

The ability of the bio surfactants to alter particle size and aggregative state was monitored 
using Atomic Force Microscopy, Scanning Electron Microscopy and Dynamic Light 
Scattering particle size analysis. Following interaction with the bio-surfactants the 
nanoparticles surface chemistry and particle stability was estimated with the aid of zeta 
potential analysis.  

Following on from the physical effects, the ability of the bio surfactants to mediate or alter the 
observed cytotoxicity of nano silver was explored. For this three intestinal cell lines cell lines, 
namely AGS (ATCC No: CRL-1739), Caco-2 (ATCC No: HTB-37) and SW480 (ATCC No: 
CCL-228), were employed. Initially a fully cytotoxic profile of the tested nano silver was 
evaluated using a battery of microscopic, viability and cellular assays.  

Finally the effect of the bio surfactants on the cytotoxic profile of the tested nano silver was 
monitored using the same array of cyto-toxicological screening assays, the addition of the bio 
surfactant prior to cellular exposure was found to have an effect on the observed cytotoxicity 
of nano silver.   
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Endotoxin contamination of engineered nanomaterials is a critical factor influencing the 
general assessment of nanoparticle safety as well as the release as a medicinal product or 
medical device. Endotoxins are components of the outer leaflet of gram-negative bacteria. 
Belonging to the pyrogenes, endotoxins can elicit immunological responses within the animal 
or human body, ranging up to live threatening septic shock with multiple organ failure. It is 
known that even low endotoxin concentrations can activate a response of immune cells and 
other cell types. Undetected endotoxin contaminations of nanoparticle suspensions can 
therefore cause misleading results, in particular during in vitro testing of nanoparticles.  
 
A short introduction to endotoxins will be given, as well as an overview of different endotoxin 
test systems (different LAL system formats: chromogenic, fluorogenic, tubidimetric, gel clot). 
In respect to an application with nanoparticles a comparison of two different endotoxin 
detection systems will be presented.  

The rFC assay (PyroGene  Recombinant Factor C Endotoxin Detection System, Lonza) 
was applied as an alternative endotoxin detection system based on the recombinant version 
of factor C, which is the first step within endotoxin detection cascade present in the LAL 
(Limulus amobocyte lysate) system. This assay would enable endotoxin detection without a 
dependence on natural biological resources and would contribute to a conservation of the 
horseshoe crab population. In comparison to this, the traditional LAL gel clot assay was 
applied, on the basis of existing ISO standards and FDA guidelines. 
 
Goal of this study was to compare and validate both test systems in respect to an application 
with nanoparticle suspensions. Test systems were applied to nano and microparticles of 
different materials: silica, iron oxide, barium sulphate. The former approved medicinal 

product and contrast agent Endorem  (Guerbet) as an iron oxide reference sample were 
used. It is known that several LAL systems can be affected by nanoparticles [1]. But the 
mechanisms behind the inhibitions of the assays are often unclear. Next to obvious optical 
interferences, other mechanisms like enzyme inhibition or masking of nanoparticle bound 
endotoxins are potential factors leading to false-negative or false-positive results. Detected 
inhibition events were studied in order to circumvent as well as to understand possible 
nanoparticle-assay or nanoparticle-endotoxin interferences.  
This knowledge is important to enable the development of systematic approaches for testing 
nanomaterials with in vitro assays. 
 
The work was funded by Federal Ministry of Education and Research (BMBF), in frame of 
the project “NanoKon - Systematische Bewertung der Gesundheitsauswirkungen nano-
skaliger Kontrastmittel”, FKZ 03X0100C. 
 
We also thank Eduard Arzt for continuing support of our work at INM. 
 
[1] Dobrovolskaia, M.A. et al 2009. Evaluation of nanoparticle immunotoxicity. Nature 

Nanotechnology 4: 411-414  
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The abundance of products containing ZnO NPs available to consumers poses an important 
question of safety. Individuals are exposed to a large and rapidly expanding number of these 
nanomaterials and our understanding of their unique properties lags behind their production. 
It is as yet unclear whether these ZnO-containing nanomaterials are a risk to human health 
or can be further exploited in novel health related applications. It has been reported that 
metal ions released from metal oxide nanoparticles are involved in the cytotoxic responses of 
these particles. Therefore the aim of this in vitro study is to examine the effects of several 
manufactured ZnO NPs, used in further downstream manufacturing processes, on a human 
immune cell line THP-1. 

In this study we have characterised the physicochemical properties of three manufactured 
ZnO NP dispersions (APS of dry powder 70nm: anionic, cationic and non ionic). The effects 
of these NPs on THP-1 cells were compared with bulk ZnO and ZnSO4. Three different 
cytotoxicity/viability assays were evaluated: release of lactate dehydrogenase (LDH), WST-1 
conversion to formazan and nuclear binding of 7-Amino-actinomycin D (7-AAD). THP-1 cells 
were exposed for 24 hours to a dose range of 6.25 – 300 μg/106 cells. A significant dose 
dependent toxicity was observed in each of the three assays for all zinc solutions and 
dispersions (p<0.001). The charged dispersions of ZnO NPs, cationic and anionic, showed 
significantly increased cytotoxicity, expressed as the release of LDH, compared with both 
bulk ZnO and ZnSO4 (p<0.0001).  

The non ionic ZnO NP dispersion is shown to be only significantly different from the cytotoxic 
response observed when compared to exposure to bulk ZnO (p<0.01). Similar results were 
obtained using the WST-1 assay indicative of the mitochondrial activity of THP-1 cells. The 
data demonstrates a significant difference in metabolic activity between all three ZnO NPs 
and ZnSO4 when compared with bulk ZnO (non ionic p=0.01, ZnSO4 p=0.0003, cationic and 
anionic p<0.0001), whereas there was no difference in the responses between NPs and 
ZnSO4. A sub lethal dose range determined by the previous two assays was used in 7-AAD 
assay. At these lower doses the effects of the nanoparticles remain significantly different 
from the bulk reagent response (anionic p=0.03, non ionic p=0.02 and cationic p<0.0001). 
We then performed zinc element analysis before and after centrifugal filtration to determine 
whether Zn2+ plays a role in these responses. 

The immunomodulatory effect of the NPs was assessed by pro-inflammatory cytokine ELISA 
and surface marker expression by flow cytometry. There was no detectable release of the 
TNF-α protein following exposure to ZnO NPs when compared with the dose-dependent 
response to LPS. There was a modest dose dependant increase in CD11b and CD86 
expression but no change in HLA-DR or CD80 from constitutive expression observed with 
unstimulated THP-1 cells. 
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Background: Graphene is a new carbon-based nanomaterial that is drawing great attention 
for its unique properties. However, there is no much information concerning its safety, with 
only a limited number of reports available, which exclusively focus on modified graphene. 
The safety of pristine graphene is completely unknown and needs to be investigated. 

 

Methods: SEM, AFM, XRD and Raman spectroscopy were used for the characterization of 
pristine graphene. The RAW 264.7 mouse macrophage cell line was used for investigating 
biological effects. Cell death, intracellular reactive oxygen species (ROS), mitochondrial 
membrane potential (MMP) and apoptosis were measured. Western blot was used to identify 
the phosphorylated and unphosphorylated forms of p38, ERK, and Smad2, Bim, Bax, 

caspase 3, Bcl-2, PARP and -actin. TNF- , TGF- , TGF-  receptor I/II, Smad2, Smad3, 

Smad4, Smad7, and -actin gene expression was assessed by real-time PCR.  

 

Results: We found that the pristine graphene can induce cell death through the depletion of 
the mitochondrial membrane potential (MMP) and the increase of intracellular ROS. 
Apoptosis is triggered by activation of the apoptotic mitochondrial pathway. Cells treated with 

pristine graphene show activation of the MAPK (JNK, ERK and p38) and TGF- -related 
signaling pathways, and activation of Bim and Bax, two pro-apoptotic member of Bcl-2 
protein family. Consequently, the caspase 3 and its downstream effector proteins such as 
PARP were activated thereby initiating the apoptotic process. 

 

Conclusion: This study shows that pristine graphene induces apoptosis in a murine 

macrophage cell line by activating the mitochondrial pathways, and the MAPK and TGF- -
related signaling pathways. This information can be of value for further biomedical 
applications of graphene. 
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The toxic potential of different types of carbon nanomaterials has been examined in various 
in vitro assays, but data on their possible genotoxicity is still quite limited. In this study, we 
examined the genotoxic potential of two types of multiwall carbon nanotubes (MWCNT) - 
long, needle-like MWCNT (Mitsui-7, >50 nm × 13 µm) and long, tangled MWCNT 
(Cheaptubes, 8-15 nm × 10-50 µm) - and graphite (Sigma, 80-200 nm × 0.5-20 µm) in 
human bronchial epithelial BEAS 2B cells. We applied the single cell gel electrophoresis 
(comet) assay (24-h exposure) to detect DNA strand breaks and the cytokinesis-block 
micronucleus (MN) assay (48-h exposure) to show chromosomal damage. All of the carbon 
nanomaterials induced a statistically significant increase in DNA damage in BEAS 2B cells 
after the 24-h exposure. Long, needle-like MWCNT significantly increased the level of DNA 
damage already at low doses (5, 10, 200 and 250 µg/cm2) with a marginal dose-dependency. 
Graphite induced a clear increase in DNA damage at the highest doses tested (50, 100, 200 
and 250 µg/cm2), and the effect was dose dependent. The DNA-damaging effect of long, 
tangled MWCNT was quite weak, with a significant increase in DNA damage only at the 
highest dose examined (250 µg/cm2), despite a dose-response was present (Figure 1). No 
induction of micronuclei was seen in BEAS 2B cells after the 48-h exposure by any of the 
carbon nanomaterials tested. However, a significant negative dose response was observed 
in the MN assay for long, needle-like MWCNT, and a similar trend could also be seen for the 
long, tangled MWCNT. Based on our findings, long, needle-like MWCNTs and graphite 
induced the clearest effects in the comet assay showing a significant increase in DNA strand 
breaks already at relatively low doses. None of the materials studied was able to induce 
micronuclei in BEAS 2B cells. [Supported by the European Commission, NANODEVICE, CP-
IP 211464-2]. 

 

 
Figure 1: DNA damage as measured by the comet assay in cultured human bronchial epithelial BEAS 2B cells 
after a 24-h exposure to long needle-like MWCNT, long tangled MWCNT, and graphite.  
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Ultrafine particles (UFPs) have been linked to the development of cardiovascular and 
pulmonary diseases [1]; thus, detection and quantification of these particles is important and 
a first step to characterizing potential health hazards. Miniature diffusion size classifiers are 
new handheld devices to measure UFPs. In order to compare the UFP numbers measured 
with this device and other devices that are often used in other studies, we made 
simultaneous UFP-measurements with 1) a miniDiSC (developed at the University of Applied 
Sciences Northwestern Switzerland [2]) and a TSI P-TRAK condensation counter during non-
stationary highway maintenance work 2) a miniDiSC, a TSI P-TRAK and a Grimm SMPS at a 
stationary site next to a highway. 
 
For measurements during highway maintenance work, the miniDiSC and the P-TRAK were 
fixed on a trolley that was taken along to different workplaces on the highways. Data was 
collected during six work shifts of 7.5 to 9 hours; UFP counts were averaged over 1 minute 
intervals. For stationary measurements that included an SMPS we used a mixing chamber 
with a volume of 10 liters to avoid short term UFP peaks that would negatively influence the 
SMPS measurements. Data of all devices was averaged over SMPS-cycles of 3.5 minutes. 
Cycles during which UFP counts were not stable were excluded (deviation of miniDiSC 
number counts more than ±10% of cycle-mean). A total of 82 stable SMPS-cycles were used 
for comparison. 
 
Simultaneous measurements of miniDiSC and P-TRAK during highway maintenance work 
showed the same peak episodes and correlated well (R2=0.67). The P-TRAK measured work 
shift means that were 25%-60% lower than the means measured by the minidisc. These 
findings were confirmed by stationary measurements. Correlation between miniDiSC and 
SMPS during stationary measurements was very high (R2=0.96). The mean particle number 
measured by the SMPS was 40% to 70% higher than the mean indicated by the miniDiSC. 
Information about the mean particle size by the miniDiSC and the SMPS corresponded very 
well, but mean particle diameter indicated by the SMPS was constantly lower (mean 8nm). 
 
Our data shows that UFP counts of all three devices are highly correlated. Absolute particle 
numbers, however, differed, which we attribute to the different minimum detection sizes. An 
increase of the minimum detection size by only a few nanometers can lead to large 
differences, especially under highway conditions, where high numbers of small freshly 
emitted particles are present. We conclude that that the miniDiSC is an accurate tool for 
continuous UFP-measurements. UFP counts and size information give a very good picture of 
the UFP environment at the measurement site. 
 

1. Schmid, O., et al., Dosimetry and toxicology of inhaled ultrafine particles. Biomarkers, 
2009. 14 Suppl 1: p. 67-73. 

2. Fierz, M., et al., Design, Calibration, and Field Performance of a Miniature Diffusion 
Size Classifier. Aerosol Science and Technology, 2011. 45(1): p. 1-10.  
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There is currently an increasing use of engineered nanoparticles (ENPs, both in terms of new 
applications and quantities produced) and as a result their environmental release is 
inevitable. 

For certain metal oxides, such as ZnO and CuO, which also have a biological role as 
micronutrients, natural backgrounds within organisms are such that tracing any additional 
uptake due to exposure to ENPs is impossible at realistic exposure concentrations. 

Current approaches involve experiments at concentrations unlikely to ever occur in 
environmental scenarios. We propose, instead, the use of stable isotope labelled ENPs. 

Here we present a simple protocol for the synthesis of isotopically modified copper oxide 
nanoparticles (65CuO) of different shapes for tracing applications. Isotopically modified 65CuO 
nanoparticles (7 nm spheres and 7x40 nm rods) were synthesised and characterised using a 
range of analytical tools. Major differences were observed in the stability, aggregation and 
dissolution of the two different types of 65CuO nanoparticles. 

Such knowledge of abiotic reactivity of the ENPs is essential prior to designing appropriate 
exposure experiments. We then carried out waterborne exposure experiments, where we 
demonstrated that even at high background concentration of copper in organisms; by using 
stable isotope NPs as tracers the experimental sensitivity can be significantly improved. 
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12.38  Caenorhabditis elegans as a Model for the Assessment of 
Nanomaterial Toxicity 
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New applications for nanoparticles are being developed at a rapid rate. However our understanding of 
the toxic potential of these materials has not developed as quickly. It must be taken into consideration 
that a sizeable proportion of these particles (e.g. cosmetics washed off skin), may have a serious 
negative effect on terrestrial and aquatic systems. Our research indicates that the soil nematode, 
Caenorhabditis elegans can be used as a model to determine the toxicity of nanomaterials. C.elegans is 
widely used in the laboratory due to its simple structure (translucent), fast reproduction (3 days), ease of 
culture and low cost maintenance. 

The C.elegans genome was sequenced in 1998 [1] and so allows for the investigation of various genes 
using methods such as RNA interference (RNAi) and real-time PCR. This free living nematode has the 
capability of providing an excellent medium – to high- throughput model and has been used to test the 
toxicity of polystyrene beads, silver, zinc oxide and poly-lactic-co-glycolic acid (PLGA) bulk/nano 
materials; focusing on the effects that these particles have on life-span, viability, reproduction and 
regulation of genes related to stress and cell death. It is proposed that the data generated from this 
research will contribute to the development of regulations and may be utilised in risk assessment and 
policy decision-making.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Confocal microscopy images of C.elegans exposed to FITC-polystyrene beads (fPB, 2mgml
-1

) for 24h. Scale 

bar=100 m. A – 1,000nm: particles ingested in the gut of L4-stage larva, whereas L1 larvae may not have ingested the bulk 
particles. B – 20nm: after nanoparticle fPB treatment, extensive nematode death was noted (some dauer larvae were noted) 
and a live subject, for microscopy, was difficult to locate. In this image of a live worm, bag of worms (BOW) phenotype was 
observed. This occurs where there is failure to release eggs from the hermaphrodite adult and larvae continue to develop 
within the adult nematode (Images L. Proudfoot, unpublished). 

 

 [1] The C.elegans Sequencing Consortium (1998) Genome sequence of the nematode C.elegans: a 
platform for investigating biology. Science, 11, pp2012-2018.  
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12.39  Different routes of synthesis and characterization of cerium 
oxide (CeO2) and titanium oxide (TiO2) nanoparticles 

 
Isaac Ojea1, Victor Puntes1, Jordi Piella1 
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Cerium oxide (CeO2) and titanium oxide (TiO2) are two of the mainly investigated materials in 
nanotechnology because of their multiple applications and the capability to be synthesized as 
nanoparticles. CeO2 is a material with wide bandgaps and specific chemical reactivity, which 
provide excellent performance in the field of catalysis, especially in automotive industry to 
reduce toxic emissions, and in biomedicine as antioxidant to treat disorders caused by 
oxygen radicals, while TiO2 has typically applications in photocatalytic decomposing organic 
pollutants [1-2]. Promising prospective for the use of these nanomaterials in many 
applications implies intrinsically the necessity to control their respectively route of synthesis 
and predictably assess the biological and environmental implications of their use. 
 
Among others, the most widely synthesis routes for CeO2 and TiO2 are the homogeneous 
precipitation and the reverse micelle process, respectively [3-5]. These routes offer a wide 
range of possibilities in terms of conditions that can be varied during the synthesis. Based on 
this, it is possible to maintain a high control of the reaction by changing some parameters 
(temperature, pH, buffer, concentration, red/ox agent) and relate these changes with the final 
physico-chemical properties of the obtained CeO2 and TiO2 nanoparticles (size, shape, 
chemical composition, crystal structure and surface). Several characterization techniques are 
used to evaluate and correlate the reaction conditions with the variation in characteristics of 
CeO2 and TiO2 nanoparticles. Furthermore, close correlation can be taken also by 
performing the same characterization techniques either in post-processing steps for optimal 
cleaning of nanomaterials and in representative health and environmental tests in medium 
such as DMEM, PBS or serum. 
 
Thus, considering the implications of the different routes of synthesis in the biological impact 
of CeO2 and TiO2 nanoparticles, we expect to identify the optimal synthetic standards 
according to the needs.  
 
List of techniques: SEM, TEM, UV-VIS spectroscopy, DLS, zeta potential, ICP-MS, XRD, 
water solubility/dispersibility, octanol water partition coefficient and photocatalytic activity. 
 
 
[1] Karakoti, AS et al. 2008. Nanoceria as antioxidant: Synthesis and biomedical applications. 

JOM 60: 33-37 
[2] Recillas, S et al. 2011. Use of CeO2, TiO2 and Fe3O4 nanoparticles for the removal of lead 

from water Toxicity of nanoparticles and derived compounds Desalination 277: 213–220 
[3] Zhou, XD et al. 2002. Room-temperature homogeneous nucleation synthesis and thermal 

stability of nanometer single crystal CeO2. Applied Physics Letters 80: 3814-3816 
[4] Chen, HI et al. 2005. Synthesis and characterization of nanocrystalline cerium oxide 

powders by two-stage non-isothermal precipitation. Solid State Comunications 133: 593-
598 

[5] Pottier, AS et al. 2003. Size tailoring of TiO2 anatase nanoparticles in aqueous medium 
and synthesis of nanocomposites. Characterization by Raman spectroscopy. Journal of 
Materials Chemistry 13: 877-882  
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12.40  Computational Study of Particle Deposition in a 
Physiologically Realistic Bifurcation 
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Estimation of internal dose from inhalation of toxic particulate material is of interest to 
toxicologists, health-care providers and regulators of air-quality standards. Conversely, there 
are numerous applications that aerosols are used as drugs, where the delivery of the 
particulate matter in specific sites of the respiratory tract is crucial for their effectiveness. 
Aerosol flows in bifurcations, which can be considered as building blocks of the lungs, are 
therefore of great importance for biomedical applications. 
 
In the present study, in-house computational models are used for constructing the 
computational grid [1], calculating the fluid flow field [2] and studying the transport and 
deposition of particles [3] in a single physiologically realistic bifurcation under steady state 
inspiratory flow. The effects of fluid flow characteristics (Reynolds number, asymmetry in the 
branches) and particle size are investigated. The model results are compared with 
experimental findings [4] available in literature (Figure 1).  
 

 
 

Figure 1: Particle deposition fraction in a physiologically realistic bifurcation 

 
[1] Makris, E. et al. 2011. A methodology to generate structured computational grids from 

DICOM data: application to a patient-specific abdominal aortic aneurysm (AAA) model. 
Computer Methods in Biomechanics and Biomedical Engineering, In press: 1–11 

[2] Neofytou, P. & Tsangaris, S. 2006. Flow effects of blood constitutive equations in 3D 
models of vascular anomalies. International Journal for Numerical Methods in Fluids, 51: 
489–510 

[3] Pilou, M. et al. 2011. Inertial particle deposition in a 90o laminar flow bend: An Eulerian 
fluid particle approach. Aerosol Science & Technology, 45: 1376-1387 

[4] Kim, C.S.  et al. 1994. Particle deposition in bifurcating airway models with varying airway 
geometry. Journal of Aerosol Science, 25: 567–581  

mailto:pilou@ipta.demokritos.gr


 

 

 

 

Abstract Book - 110 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

12.41  Nanoparticles with certified size: test the method before 
testing the material 
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Email: gert.roebben@ec.europa.eu 
 

The recently adopted EC definition of the term nanomaterial [1] has increased the pressure 
on the metrology community to provide reliable nanoparticle size measurement methods for 
use in the regulatory context. 
Prior to their regulatory relevance, the technological relevance of these measurement 
methods has already been recognised, as the size of nanoparticles has always been one of 
the main quality control parameters for the production of these materials. This is why a 
considerable number of measurement methods have already been developed and even 
standardised. Nevertheless, these methods have their limitations, and in general they are 
only fit for assessing the average particle size of monodisperse, near-spherical 
nanoparticles. 
 
Standard test methods for the characterisation of the average particle size of (suspensions 
of) nanoparticles should be fit for use in the assignment of certified values to nanoparticle 
reference materials. The availability of certified reference materials (CRMs) would make it 
possible to more efficiently apply these methods, also in a system of quality-assured routine 
measurement practice. For this reason, the Institute for Reference Materials and 
Measurements has produced new reference materials consisting of colloidal silica with 
several, method-defined certified average particle sizes [2]. 
The poster associated with this abstract will provide an overview of the currently available 
nanoparticle certified reference materials, with details about the exact meaning and intended 
use of the certified property values. The essential aspects of the production of the 
nanoparticle certified reference materials will be highlighted, including the contribution of 
each step to the combined uncertainty of the certified value. 
 
Unfortunately, the CRMs and the methods discussed are not sufficient for the implementation 
of the EC nanomaterial definition, which calls for methods which have the ability to 
quantitatively distinguish, within a given test sample, between nanoparticles (< 100 nm) and 
larger particles. In the context of the EC nanomaterial definition, the monodisperse CRMs will 
have to be followed-up with more complex CRMs consisting of mixtures of nanoparticles and 
larger particles. 
 
From an analysis of the work on the currently available CRMs, conclusions will be drawn 
related to the implementation of the EC nanomaterial definition, indicating the direction in 
which further method development, validation and standardisation efforts are required. 
 
[1] Commission Recommendation on the definition of nanomaterial (2011/696/EU), Official 

Journal of the European Union, L275/38-40, 2011. 
[2] A. Braun, K. Franks, V. Kestens, G. Roebben, A. Lamberty, T. Linsinger, Certification of 

equivalent spherical diameters of silica nanoparticles in water, ERM-FD100, Report EUR 
24620 EN, European Union, Luxembourg, ISBN 978-92-79-18676-9, 2011.  
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12.42  NANODEVICE -Novel Concepts, Methods, and Technologies 
for the Production of Portable, Easy-to-use Devices for the 

Measurement and Analysis of Airborne Engineered 
Nanoparticles in Workplace Air 
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NANODEVICE is a research project funded by the European Commission in the context of 
the 7th Framework Program. The duration is 48 months starting 1st of April 2009. 

Due to their unique properties, engineered nanoparticles (ENP) are now used for a myriad of 
novel applications with great economic and technological importance. However, some of 
these properties, especially their surface reactivity, have raised health concerns, which have 
prompted scientists, regulators, and industry to seek consensus protocols for the safe 
production and use of the different forms of ENP. 

There is currently a shortage of field-worthy, cost-effective ways - especially in real time - for 
reliable assessment of exposure levels to ENP in workplace air. In addition to the problems 
with the size distribution, a major uncertainty in the safety assessment of airborne ENP 
arises from the lack of knowledge of their physical and chemical properties, and the levels of 
exposure. A special challenge of ENP monitoring is to separate ubiquitous background 
nanoparticles from different sources from the ENP. 

NANODEVICE will provide new information on the physico-chemical properties of 
engineered nanoparticles (ENP) and information about their toxicology. Also a novel 
measuring device will be developed to assess the exposure to ENP´s from workplace air. 
The purpose of the project is also to promote the safe use of ENP through guidance, 
standards and education, implementing of safety objectives in ENP production and handling, 
and promotion of safety related collaborations through an international nanosafety forum. 

The main project goal is to develop innovative concepts and reliable methods for 
characterizing ENP in workplace air with novel, portable and easy-to-use devices suitable for 
workplaces. Additional research objectives are: 

1) Identification of relevant physico-chemical properties and metrics of airborne ENP; 
establishment of reference materials.  

2)  Exploring the association between physico-chemical and toxicological properties of ENP; 
3) Analyzing industrial processes as a source of ENP in workplace air;  
4) Developing methods for calibration and testing of the novel devices in real and simulated 

exposure situations. 
5) Dissemination of the research results to promote the safe use of ENP through guidance,   

standards and education, implementing of safety objectives in ENP production and 
handling, and promotion of safety related collaborations through an international 
nanosafety forum.  

 
The research leading to these results has received funding from the European Commission 

under grant agreement FP7-211464-2 (NANODEVICE).  
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12.43  Effects of surface charge of nanoparticles on oxidative stress 
induction  
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There is an increasing number of examples where nanoparticles (NP) present in consumer 
products lead to the generation of aerosols containing nanoparticles. Silver NP can be found 
in anti-odor sprays for hunters, surface disinfectants and throat sprays [1], whereas gold NPs 
are present in food packaging, cosmetics and beverages [2]. The risk of NP inhalation is not 
only increased for consumers, but also for workers involved in the production of these 
particles. Analysis of potential NP toxicity on the respiratory system is therefore crucial.  
 
By varying the surface charge of both Au and Ag NPs the oxidative potential and cytotoxic 
effects of NPs in relation to their surface charge are determined using different methods. This 
study has initially focused on the respiratory system, using lung cells, such as 
adenocarcinoma human alveolar basal epithelial cells (A549), Normal Human Bronchial 
Epithelial cells (NHBE) and non-tumorigenic human bronchial epithelial cells (BEAS-2B). The 
surface charge of particles used ranged from a single negative charge to three increasingly 
positive charged particles, with a size range of 7-10 nm. Effects of NPs have been assessed 
using the cell titer blue (CTB) assay to assess cell viability and lactate dehydrogenase and 
adenylate kinase release to measure cytotoxicity. The expression of key markers of oxidative 
stress, such as superoxide dismutase 1 (SOD1) and glutathione peroxidase 1 (GPx1) have 
been analysed by RT-PCR and measurements of antioxidant depletion and ROS formation 
are planned using glutathione reduction and DCFH-DA fluorescence, respectively. 
Initial data suggest that epithelial cell exposure to negatively charged or low positively 
charged particles, irrespective of the particle core, results in very low or no cytotoxicity. 
However, observed effects increase with an increase in positive charge, the highest effects 
seen in response to the highest positive charge. These findings are supported by those of 
[3], where the effects of oppositely charged silicon NPs were studied in macrophages. To 
date this cytotoxicity has not been found to coincide with markers of oxidative stress, 
although following the findings of [4], who analysed the oxidative potential of Ag particles in 
human hepatoma cells, we expect an increase in the expression of markers of oxidative 
stress after exposure to highly positively charged particles. 
 
[1] Quadros et al. 2011. Silver Nanoparticles and total aerosols emitted by nanotechnology-

related consumer products. Environmental Science 
[2] Sung et al. 2011. Subchronic inhalation toxicity of Gold nanoparticles. Particle and Fibre 

toxicology 8:16 
[3] Bhattacharjee et al. 2010. Role of surface charge and oxidative stress in cytotoxicity of 

organic monolayer-coated silicon nanoparticles towards macrophage NR8383 cells. 
Particle and Fibre Toxicology 7:25 

[4] Kim et al. 2009. Oxidative stress-dependent toxicity of silver nanoparticles in human 
hepatoma cells. Toxicology in Vitro 23:6, 1076-108“ 

 
This study was supported by the EU 7th framework programme, Marie Curie Actions, Network 
for Initial Training NanoTOES (PITN-GA-2010-264506).  
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12.44  Genotoxicity of amorphous silicon dioxide nanomaterials 
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Nanosized silica is among the most widely used nanomaterials, having commercial 
applications e.g. in food and rubber products. However, few studies are available on the 
genotoxicity of these materials. Here, we applied the cytokinesis-block micronucleus assay in 
human bronchial epithelial BEAS 2B cells to investigate the genotoxicity of four types of 
synthetic nanosized amorphous silicon dioxides. 

 

The SiO2 nanoparticles studied derived from EU Joint Research Centre Nanomaterials 
Repository and had been produced by precipitation (NM-200, NM-201) or thermally (NM-202, 
NM-203). The materials differed from each other with respect to physical characteristics such 
as shape, specific surface area (160-230 m2/g), and primary particle size (8-20 nm). 

 

Cytotoxicity was assessed by cell counting using Trypan blue, and five doses showing ≤55±5 
% toxicity were chosen for the micronucleus assay. In general, nano-SiO2 was more 
cytotoxic than e.g. nanosized titanium dioxide in our earlier studies. NM-200 (tested up to 
128 µg/ml) was less toxic than the other materials (tested up to 64 µg/ml). Nanosized zinc 
oxide (4 µg/ml) was used as a positive particle control and mitomycin C as a positive 
chemical control. Negative control cultures received only medium. 

 

BEAS 2B cells were exposed to the nanoparticles for 48 h. Cytochalasin B, which inhibits 
cytoplasmic division by blocking the formation of contractile microfilaments, was added to all 
cultures at 6 h after the start of the treatment. Two independent scorers evaluated the 
frequency of micronuclei in binucleate cells of duplicate cultures using staining with acridine 
orange and 4',6-diamidino-2-phenylindole (DAPI). 

 

Micronuclei were induced by only one of the materials, NM-203, which produced a significant 
increase (about 2.2-fold in comparison with control) in micronucleated binucleate cells at 8 
µg/ml, with a decline of micronucleus frequency at higher doses. In addition, a suggestive 
slight dose-dependent increase of micronuclei was seen with NM-202. 

 

In conclusion, synthetic nanosized amorphous silicon dioxides were not efficient inducers of 
chromosome damage as measured by the micronucleus assay. Nano-SiO2 manufactured by 
sedimentation was negative, while pyrogenic nano-SiO2 showed marginal induction of 
micronuclei. 

This work was supported by the European Union Executive Agency for Health and 
Consumers (NANOGENOTOX, 2009 21 01).  
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12.45  Influence of Soil Properties on TiO2 Nanoparticles Mobility  
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Nanotechnology is a new and fast emerging field that involves the design, production and 
use of structures at the nanoscale. Despite the widespread application of nanotechnology in 
agricultural, environmental and industrial sectors, a growing concern is about the effects of 
nanoproducts within different environmental compartments and their likely impacts on human 
health. In particular, the identification of factors that influence the behavior of nanomaterials 
in the environment and especially in soil, is decisive in evaluating health and safety issue [1]. 

Manufactured TiO2-nanoparticles (TiO2-NPs) are a good example of a nanomaterial that has 
been accepted as having many properties useful for a wide range of applications, from ‘self-
cleaning’ surfaces to cosmetics [2]. Several studies have been published on the 
ecotoxicological effects of nanoscale TiO2, and in this context the fate and behavior of 
nanoparticles in soils and groundwater should be investigated in order to assess possible 
routes of exposure to ecosystems and humans. [3] . 

This study aims to provide the baseline information on the processes and phenomena 
involved in the potential soils’ contamination with 'nanowaste'. Thus, to better understand the 
transport through soils of TiO2-NPs, laboratory batch and columns experiments were 
performed using TiO2-NPs (Sigma-Aldrich, anatase, 25 nm) respectively suspended and 
loaded in three different types of Italian soils. Aliquots of soil suspensions with and without 
TiO2-NPs were periodically collected, and monitored for aggregate size distribution 
(Mastersizer2000_Malvern) and Ti concentration (ICP-OES_Varian). Ti concentration was 
measured before and after TiO2-NPs percolation through the different soils’ columns. 

Soils analyses showed huge differences in particle size distribution and organic matter 
content; the cationic exchange capacity was higher in soils richer in clay and in organic 
carbon, while the values of electrical conductivity show ionic strength higher in the sandy soil 
suspension and lower in the clayey one.  

Experimental results suggest that soil properties affect the behavior of TiO2-NPs, that could 
be specially influenced by the organic matter content and the ionic strength. A high presence 
of TiO2-NP in both soil suspensions and columns flowthrough was found in the soil richer in 
organic matter. These results suggest a transport through the circulating soil solution as a 
consequence of the higher presence of dissolved organic carbon which probably induces a 
sterically stabilized system of TiO2-NPs aggregates. Contrarily, a lower concentration of TiO2-
NPs was observed in both soil suspensions and columns flowthrough of clayey soil due to 
the higher adsorption sites on the clay mineral. The elevated ionic strength of the sandy soil 
can facilitate the aggregation and the consequent precipitation of TiO2-NPs confirmed by the 
lower content of nanoparticles in the soil suspension. 

[1] Scheringer M., 2008. Environmental risks of nanomaterials. Nature Nanotechnology. 3: 322-323,  
[2] Woodrow Wilson internet database http://www.nanotechproject.org/inventories/consumer. 
[3] Kaegi R., Ulrich A., et al., 2008. Synthetic TiO2 nanoparticle emission from exterior facades into the 
aquatic environment. Environ. Pollut. 156(2): 233-239. 

Acknowledgement: This research was founded by the joint research project CNR (Italy) – CNPq 
(Brazil): “Study of transport of TiO2 nanoparticles in saturated and unsaturated soils using 
experimental tests and mathematical simulation”.  
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Silver nanoparticles (SNP) are among the most commercialized nanoparticles. 

Here we show that peptide coated SNP cause functional impairment of human 
macrophages. A dose-dependent inhibition of phagocytosis is observed after nanoparticle 
treatment, and pretreatment of cells with N-acetyl cysteine (NAC) can counteract the 
phagocytosis disturbances caused by SNP. 

Using the surface-sensitive mode of time-of-flight secondary ion mass spectroscopy (TOF-
SIMS), in combination with multivariate statistical methods, we studied the composition of 
cell membranes in human macrophages upon exposure to SNP with and without NAC 
preconditioning. 

This method revealed characteristic changes in the lipid pattern of the cellular membrane 
outer leaflet in those cells challenged by SNP. 

Statistical analyses resulted in 19 characteristic ions, which can be used to distinguish 
between NAC pre-treated and untreated macrophages. 

The present study discusses the assignments of surface cell membrane phospholipids for 
the identified ions and the resulting changes in the phospholipid pattern of treated cells. We 
conclude that the adverse effects in human macrophages caused by SNP can be partially 
reversed through NAC administration, even though not all alteration can be turned back. 
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Introduction: 
Nitrosamines are known human carcinogens formed in processed foods, such as cured 
meats, and are components of tobacco smoke. They are bioactivated to electrophilic 
intermediates that react with DNA to form DNA adducts, including O6-alkyl-deoxyguanosine 
(O6-R-dG) adducts believed to be causally linked with mutation. If nitrosamine-induced DNA 
adducts are not repaired biochemically, they can lead to polymerase errors and mutations in 
critical genes. Mutations within tumor suppressor or promotor genes can lead to a loss of 
control over normal cellular growth, leading to uncontrolled cell proliferation and cancer. 
Understanding mechanisms of carcinogenesis is important to connect the exposure to the 
variety of chemical carcinogens to carcinogenesis. Therefore, assessing cancer risk in 
humans associated with environmental exposures requires sensitive and specific methods 
for carcinogen-DNA adduct detection. 
 
Our objective in the present study is to detect and evaluate alkylated DNA in cancer-related 
genes. In preliminary studies, we synthesized a new nucleoside analog (dPer) that forms a 
stable base pair with O6-R-dG [1]. We aimed to exploit this binding phenomenon by 
incorporating this nucleoside analog into hybridization probes for a nanoparticle-based 
detection assay. 
 
Methods: 
The methodology involved in this study are synthesis of modified oligonucleotides, 
biophysical evaluation of nucleic acids constructs, functionalization of Au nanoparticles with 
alkanethiol-capped oligonucleotides, and evaluation of optical properties of Au-
oligonucleotide nanoconjugates. 
 
Results: 
Au nanoparticles were surface-modified with oligodeoxynucleotides, and resulting 
nanoconjugates aggregated upon addition of a linker oligonucleotide containing Per. Upon 
addition of an O6-BnG-containing target, a target: linker hybrid is formed and the linker 
oligonucleotide is separated from the aggregated nanoconjugates. Changes in surface 
plasmon resonance of Au nanoparticles upon hybridization and dehybridization are reflected 
in color changes of the nanoparticle solutions, i.e. red-blue-red. 
 
Discussion: 
Our studies demonstrate that Per can be used for the development of hybridization probes 
for detecting DNA adducts. By using Au nanoparticles, sensitivity is increased and DNA 
adduct detection is facilitated as binding events can be monitored colorimetrically. Therefore 
the nanoprobes we have developed have potential for sensitive, simple, low-cost and high-
throughput detection of cancer-causing DNA adducts. 
 
[1] Gong, J et al.  2007.  A Synthetic Nucleoside Probe that Discerns a DNA Adduct from 

Unmodified DNA. J. Am. Chem. Soc. 129: 4882-4883  
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Nanotechnology offers high innovation potential in both material and application development 
due to superior properties of nanoobjects like nanoparticles, -fibres or -plates. Reinforced 
ultra-light materials, resistant surface coatings or self-cleaning textiles are just some 
examples. 

However, synthesis as well as the embedding of nanoobjects into materials requires proper 
monitoring of the most important parameters like size, shape or chemical composition. 
Besides, health and environmental concerns have recently increased and new studies 
showed some toxic effects. Therefore, it is necessary to generate also knowledge about 
release of nanoobjects from products for an appropriate risk assessment for nanomaterials 
and –products. 

Both, the investigation of manufactured nanoobjects including the reliability of later product 
as well as studies on environmental or health risks require new analytical methods which 
allow size-fractionated chemical quantification of nanoobjects. 

The most commonly used analytical methods to investigate nanoobjects are light scattering 
for size information or electron microscopy methods to study morphology and size. 
Combined with energy dispersive x-ray spectrometry (EDX), electron microscopy techniques 
allow also chemical characterization. However, sensitivity and quantification are limited. 
Moreover, image analysis using electron microscopy is relatively time consuming. Hence, 
additional sensitive methods for size fractionated quantitative analysis, and chemical 
characterization are needed. 

Plasma mass spectrometry (ICPMS) is a versatile technique which offers multi-element 
capabilities combined with high sensitivity. In combination with alternative sample 
preparation strategies or specific coupling techniques size fractionation before fast and 
reliable chemical quantification are possible, A brief overview will be given for sample 
preparation procedures like sequential filtration or centrifugation for subsequent bulk analysis 
using ICPMS. Also newly established methods like single particle plasma mass 
spectrometry, chromatography or alike techniques hyphenated to ICPMS e.g. asymmetric 
flow field flow fractionation system (AF4) in a multi-detector approach will be discussed. 
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12.49  Centre for BioNano Interactions (CBNI), assessment of Nano-
particle cytotoxicity using fluorescent microscopy High 

Content Analysis (HCA). 
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Abstract: In the field of nanotechnology there are a number of contradicting reports about 
nanoparticle toxicity which have slowed the growth of this emerging area; these contradicting 
reports are the result of the attempt to introduce novel applications and novel materials in a 
very novel field of research where reference controls are missing.  
 
Without a reference or positive control for a specific endpoint it is very difficult to compare 
and assess critically nanomaterials originated from different sources with potentially different 
synthesis methods, or outcomes from toxicological studies performed in different 
laboratories.  
 
At the Centre for BioNano Interactions (CBNI) we have developed a fluorescent microscopy 
cytotoxicity assay using High Content Analysis (HCA) to determine nanoparticle toxicity 
which exposes NPs that possess highly toxic tendencies and therefore clears nonhazardous 
particles of all preconceived negative notions. The fluorescent microscopy HCA cytotoxicity 
assay employs fluorescent dyes with complementary excitation/emission spectra to examine: 
changes in nuclear morphology, mitochondrial membrane potential, cytosolic calcium levels 
and plasma membrane integrity. Amino-modified Polystyrene (PS-NH2), Carboxyl-modified  
 
Polystyrene (PS-COOH) and Plain Polystyrene (PS-PL) NPs have been incubated with Raw 
264.7 Murine macrophage cells (Immune system), R3/1 Rat Lung epithelial cells (Lung) and 
HEK 293 Human Embryonic Kidney cells (Kidney) to determine their cytotoxic effects under 
reproducible time constraints and concentrations. HCA not only enable us to view 
nanoparticle cytotoxicity in surface modified polystyrene but gave insights into the molecular 
mechanisms of nanoparticle-induced cytotoxicity; additionally, this powerful tool enabled the 
identification of apoptosis in HEK293 and R3/1 but necrosis in RAW264.7. Understanding the 
biological impacts of nanoparticles on human health and that of the environment is 
paramount in securing a safe, responsible, world-wide implementation of nanotechnology. 
 

mailto:David.Garry@cbni.ucd.ie


 

 

 

 

Abstract Book - 119 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 
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Regarding the considerable development of nanotechnologies it is important to evaluate the 
potential risk of NPs for human health. Our goal was to determine the effects of nanoparticles 
(NPs) on the lung, the first target organ during inhalation of NPs and to determine the role of 
the physico-chemical characteristics of the NPs (dimensions, structures and surface 
modifications). 
 
We investigated the effects of NPs with different physico-chemical characteristics [TiO2 
(different sizes and charges), ZnO (non coated and coated), Ag and MWCNT (different 
lengths)] on the human bronchial epithelial cell line (NCI-H292). 
 
We evaluated the cytotoxicity of these NPs by WST-1 assay and propidium iodide 
incorporation showing that the most toxic NPs are ZnO and Ag which may be due to their 
solubility. 
 
We measured also the induction of oxidative stress in NCI-H292 cells after 24h of treatment 
with NPs by dihydroethidium oxidation assay (flow cytometry) showing that no or light 
oxidative stress was induced in the cells treated with TiO2 and MWCNT NPs after 4h but ZnO 
and Ag NPs induce the intracellular production of reactive oxygen species (ROS) at cytotoxic 
and not cytotoxic concentrations. 
 
We determined the ability of NPs to enter the cells by flow cytometry and we noticed that 
they can be internalized by cells. Finally we investigated whether NPs have the capacity to 
induce inflammatory responses by measuring the secretion of IL-8 (ELISA test) of cells 
treated for 24h with NPs. As some nanoparticles were able to adsorb IL-8 cytokine we also 
evaluated the inflammatory response by RT-qPCR analysis. We found that ZnO (coated or 
uncoated) and Ag NPs induce the secretion of Il-8 at non cytotoxic concentrations. 
 
Finally, considering the role of protein corona on the effect of NPs we evaluated the pro-
inflammatory effects of NPs in the presence or absence of serum or surfactant. We observed 
that biological fluids could modify the inflammatory response to insoluble NPs. 
 
To conclude, the highest effects are observed with soluble NPs and biological fluids could 
affect the inflammatory responses induced by insoluble NPs. 
 
Supported by FP7 project N°228789 (ENPRA).  
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It’s known that the morphology, crystallinity and size of particles can influence cell 
behaviours, such as cell viability, morphology and differentiation. Most of calcium phosphates 
are biocompatible, and used as bioactive materials. However, when the morphology and size 
are changed, calcium phosphates could also act as cell inhibitor. Recently, hydroxyapatite 
nano-crystal has been reported that it had toxic effect on human cancer cells [1-2], although 
it is a common biocompatible material. Previously, we reported the synthesis of a series of 
ion doped calcium phosphate spherical particles [3], and the size of particles could be 
nanoscale and submicrometer, which could have potential effect on cells. In this study, the 
evaluation of this material on cells is performed in contact and non-contact ways. 
 
Materials and methods: the strontium doped calcium phosphate spheres was prepared via 
an ion assisted mineralization method. The crystallinity, morphology and size were analyzed 
by X-ray diffraction (XRD), scanning electron microscopy (SEM) and Zetasizer (Malvern). 
ROS UMR106 (rat osteoblasts) was used to evaluate the material. Cells were seeded into 
the culture plates and incubated with different concentrations of spheres in contact and non-
contact modes for 1, 4 and 7 days. The cell viability and proliferation were analyzed using 
MTT and LDH assays. The morphology of cells was analyzed by SEM. 
 
In this study, the results of MTT and LDH assays indicated a dose-dependent effect of 
strontium doped calcium phosphate spheres on cell viability and proliferation. The 
morphology of cells cultured in a contact mode was different compared to the non-contact 
mode and control (TCPs). The spherical particles showed the effect on cells attachment and 
spread. 
 
 
 
 
 [1] Xiaojuan, CHEN et al.  2007.  Mitochondria-Dependent Apoptosis Induced by 

NanoscaleHydroxyapatite in Human Gastric Cancer SGC-7901 Cells. Biol. Pharm. Bull. 
30(1): 128 -132. 

 
[2]  Ingo Werner, Bauer et al. 2008. Internalization of hydroxyapatite nanoparticles in liver 

cancer cells. J Mater Sci: Mater Med 19:1091-1095. 
 
[3]  Wei, Xia et al. 2011. Synthesis and release of trace elements from hollow and porous 

hydroxyapatite spheres, Nanotechnology. 22: 305610.  
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12.52  Evaluation of the potential toxic effect of both carbon 
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intestinal epithelial monolayers 
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Due to their unique physical and chemical features, nanostructured materials have a wide 
range of industrial applications. However, poor data are currently available concerning the 
potential toxic effect of unmodified manufactured nanoparticles on human health. Beside 
potential inhalation, cutaneous contact with nanoparticles or ingestion of nanoparticles might 
occur. In this study, we investigated the effect of multi-walled carbon nanotubes (MWCNT) 
and copper oxide (CuO) nanoparticles (NPs) at the skin and intestinal levels respectively, 
using suitable human in vitro models. We compared the effect of different dispersion states 
of MWCNT on in vitro reconstituted epidermis and monolayers of N-hTERT keratinocytes 
and SZ95 sebocytes. MWCNT simply dispersed by stirring in water excerted moderate 
cytotoxicity (20%) on keratinocytes whereas MWCNT sonicated in water had a stronger 
effect. Interestingly, MWCNT sonicated in presence of dispersion agents had no cytotoxic 
effect, suggesting that sonication can modify the toxic potential of MWCNT, e.g. by altering 
nanoparticle surface or by creating reactive sites which could be hidden by dispersive 
coating agents. MWCNT had no effect on neither in vitro engineered epidermis nor on 
sebocytes. 
 
Taken together, these results show that MWCNT may be cytotoxic or not depending on the 
cell type and dispersion procedure. In addition, the presence of a cornified layer in in vitro 
engineered epidermis seems to be a good barrier against MWCNT toxicity.  
 
We also studied the effect of two types of CuO NPs on differentiated Caco-2 cell monolayers, 
a classical in vitro model of human small intestine epithelium. We showed that both NPs with 
different specific surface area, different sizes as raw material but the same hydrodynamic 
diameter in suspension and different shape, differentially disturbed the monolayer integrity, 
were cytotoxic and triggered an increase of the abundance of several transcripts coding for 
pro-inflammatory cytokines and chemokines. Cytotoxicity of CuO NPs was also compared to 
that induced by CuCl2 in order to evaluate whether Cu ions released from the NPs could 
explain their toxicity. The results suggest that release of Cu(II) cations and shape of these 
CuO NPs are likely to be implicated in the toxicity of these CuO NPs.  
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AssuredNano® will provide an overview of the respective nano-OEHS programmes 
developed or proposed over the last five years and integration of these good practices into 
AssuredNano®’s Accreditation Scheme.  While detailing institutional progress, we will also 
describe the differences that exist and initiate discourse on the assimilation of academic 
programs into the doctrine that make up this accreditation program.  The discussion will 
dovetail with a dialogue on the importance of integrating good practices into the 
AssuredNano® Accreditation.  Being the first to offer an internationally recognized OEHS 
standard not only adds challenges but, presents AssuredNano® with the opportunity to 
engage policy development professionals in partnering with industry to forward a responsible 
framework to promote quality OEHS in both nanomaterials and nanotechnology 
management.  In addition to detailing collaborative goals, topics will include the relevance of 
current OEHS guidance from a full lifecycle perspective (ranging from R&D to end of use 
disposal of manufactured nanomaterials) and consideration for the state of organisational 
development (ranging from start-up businesses with a few employees to well established 
businesses with thousands of employees).  Finally, the advantages of promoting an 
institutionally supported annual audit program, which leads to international consensus, will be 
described and discussed. 
 
Key to AssuredNano®’s efforts is the ongoing development and verification of good practices 
which our institutional partners can provide. This importance will be examined from the 
perspective of adopting a worldwide single programme. Thus, ensuring that international 
institutions are a part of the effort and that we accredit to a single programme, rather than to 
a multiplicity of agenda, each operating in a single geography. To support this important 
objective, AssuredNano® envisions teaming its accreditation program with a scientific 
technical committee made up of institutional representatives from around the globe.  Ideally, 
this body of professionals would oversee the development and ongoing implementation of 
accreditation criteria and support AssuredNano® in its goal of bringing OEHS good practices 
to the manufacturing community world-wide. With AssuredNano® now accrediting 
manufactures against an international standard that IOM originally developed, this 
presentation marks the starting point for a discussion that transcends the R&D community 
and establishes a standard that will be improved upon year upon year.   
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12.54 Potential nanoparticle exposures from polymer nano 
metal composite systems commonly used in the food industry 

and their associated in vitro effects. 
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Nano metals has been shown to display antimicrobial effects which have lead to their 
application in a number of areas such as antimicrobial surface coatings, anti bacterial wound 
dressings and more recently in polymer composite systems for use in food contact materials 
or so called “smart packaging”. 

Concerns have been raised due to the incorporation of nanoparticles in food packaging 
stemming from the possibility of repeated low dose direct exposure, through ingestion, 
primarily due to degradation and nanoparticle leaching from the polymer composite. In this 
study, two nano metals were studied namely nano silver and zinc oxide, realistic exposure 
concentrations were estimated by monitoring the leached metal levels in both commercially 
available and in house produced polymer nano metal composites when exposed to 
environments typical to that of food contact materials. Prior to any cellular studies a full 
particle size characterisation was carried out using Dynamic Light Scattering, Transmission  

Electron Microscopy and Atomic Force Microscopy. The surface charge and Zeta Potential 
associated with the nano metals were also determined in order to assess their stability in 
solution. Three cell lines, HT29 (ATCC No: HTB-38), Caco-2 (ATTC No: HTB-37) and 
SW480 (ATTC No: CCL-228), were employed as an intestinal model and were exposed to a 
concentration range of nano metals comparable to the concentrations estimated in the 
composite stability studies. 

The cytotoxic effects of the nano metals were then evaluated using a battery of viability and 
cellular assays. Direct exposure of the tested cell lines to the nano metals revealed a 
cytotoxic effect which was dependant on dose, exposure time and on cell line tested. The 
results of these studies will be presented and their implications for the use of nano metals in 
direct food contact surfaces will be discussed.  
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The behaviour of engineered nanoparticles (NPs) in aqueous environments depends on the 
specific physicochemical characteristics of the NPs (solubility, aggregation, etc.) at the pH, 
salinity and organic matter content of natural waters. In the particular case of ZnO, the 
significant release of free Zn2+ ions may play a role in the toxic effects of these NPs [1]. 
Additionally, these NPs show a strong tendency to associate with dissolved organic matter 
(DOM), which alters their surface charge, and, consequently, their stability and transport in 
natural waters.  
 
In this work, the new techniques AGNES (Absence of Gradients and Nernstian Equilibrium 
Stripping) [2,3] and DGT (Diffusive Gradients in Thin Films) [4] were used to obtain 
information on the equilibrium and dynamic Zn speciation in aqueous dispersions of ZnO 
NPs (free Zn2+ ions and labile Zn fraction) without any separation of particle/aqueous phases. 
The results obtained in this work show that both techniques can be very useful in the 
monitoring of soluble metal species in NP toxicity tests. 
 
Additionally, the interaction of DOM (humic acid) with the NPs was characterized through 
UV-vis and Laser Doppler Electrophoresis, to conclude that DOM adsorbs readily on the NPs 
above 1.5 mg/L, and inhibits further aggregation, by stabilizing their agglomerates due to 
electrostatic repulsion. Finally, the aggregation, diffusion and settling dynamics of the NP 
agglomerates were studied through UV-vis absorption and Dynamic Light Scattering. The 
results were successfully compared with numerical solutions of a transport model based on 
Brownian diffusion and Stokes sedimentation of fractal, polydisperse NP clusters. The 
relevance of this model in the context of environmental fate of NPs, as well as dosimetry and 
uptake fluxes in in vitro toxicity experiments [5], is also addressed. 
 
The research leading to these results has received funding from the European Union 
Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 229244 
(ENNSATOX). 
[1] Franklin, N. M. et al. 2007. Comparative toxicity of nanoparticulate ZnO, bulk ZnO, and 

ZnCl2 to a freshwater microalga (Pseudokirchneriella subcapitata): The importance of 
particle solubility. Environ. Sci. Technol. 41: 8484-8490. 

[2] Galceran, J. et al. 2004. AGNES: a new electroanalytical technique for measuring free 
metal ion concentration. J. Electroanal. Chem. 566: 95-109. 

[3] David, C. et al. 2011. Dissolution kinetics and solubility of ZnO nanoparticles followed by 
AGNES. Submitted to ACSNano. 

[4] Uribe, R. et al. 2011. Contribution of Partially Labile Complexes to the DGT Metal Flux. 
Environ. Sci. Technol. 45: 5317-5322. 

[5] Hinderliter, P.M., et al. 2010. ISDD: A computational model of particle sedimentation, 
diffusion and target cell dosimetry for in vitro toxicity studies. Particle and Fibre Toxicology 
7: p. 19.  
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Introduction: The 30 months long NANOFORCE project, which is performed in 8 regions of 
Central Europe belonging to 7 Countries, is developed by national & regional chemistry 
associations and R&D Centers of the Central Europe area. Nanosciences and 
nanotechnologies are new approaches to research and development that concern the study 
of phenomena and manipulation of materials at atomic, molecular and macromolecular 
scales. The knowledge in the field of nanosciences and the industrial application has been 
gradually increasing over the last 10 to 20 years in Europe as result there is the necessity of 
a larger international cooperation and research’s coordination to overcome disciplinary 
boundaries, to fill the gap between more and less experienced regions and to turn 
investments in R&D in industrial innovations. The BioNanoNet Forschungsgesellschaft mbH 
is an Austrian network which combines a wide range of expertise in numerous disciplines of 
medical and pharmaceutical research in nanomedicine and nanotoxicology and acts as work 
package leader in the NANOFORCE project. As coordinator of the EURO-NanoTox, an 
Austrian example of a European hub in nanotoxicology, the BioNanoNet has the clear aim of 
driving innovative interdisciplinary research by supporting the cooperation and synergy of 
collaboration, to initiate national and international research projects in the area of medical 
and pharmaceutical research in nanomedicine and nanotoxicology and to set up and 
coordinate projects. 

Focus: The general objective of NANOFORCE is to foster the innovative nanotechnology-
sector networks across Central Europe regions by bringing together public and private 
organizations (enterprises, research centers, venture capitalists and public institutions) to 
carry out collaborative and interdisciplinary researches on nanomaterials (in the frame of 
REACH Regulation) and to turn the most promising laboratory results into innovative 
industrial applications.  

 

Within this contribution the main objectives of the NANOFORCE project will be presented as 
well as the projects’ State-of-the-Art and achieved results. Furthermore the BioNanoNet will 
present its work and the EURO-NanoTox as well as the ONLINE-Journal “EURO-NanoTox-
Letters”. 
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12.57 Establishment of a High Content Analysis (HCA) platform to 
assess and characterise nanoparticle-associated toxicity 

Sergio Anguissola 

Email : Sergio.Anguissola@cbni.ucd.ie 

 

With an increasing number of nanomaterials being introduced into the market in consumer 
products, bio-medical and environmental applications it is of primary importance to assess, 
understand and manage their potential toxicity. To effectively assess and understand the 
mechanisms of toxicity induced by nanoparticles we implemented an in vitro testing platform 
using a panel of cell lines to mimic the major routes of exposure, accumulation and clearance 
of nanoparticles. The testing platform relies on a High Content Analysis (HCA) approach that 
measures simultaneously different markers of cellular toxicity, i.e. reduction in cell numbers, 
nuclear condensation, reduction in mitochondrial membrane potential, cytosolic calcium 
increase, lysosomal acidification and plasma membrane permeabilisation;  

The panel of cell lines tested included A549 alveolar adenocarcinoma cells to mimic 
exposure to nanoparticles in the lungs, RAW267.4 macrophages as cells responsible for the 
primary immune response, HMCE cells representing the endothelium of blood vessels, 
HepG2 hepatocellular carcinoma, 1321N1 astrocytoma and SHSY5Y neuroblastoma cells to 
mimic accumulation to the liver or to the central nervous system respectively; HEK293 
embryonic kidney cells were employed to mimic nanoparticles clearance through the 
kidneys. 

These cell lines were exposed to a range of different nanoparticles for 24 hours to measure 
acute toxicity and for 72 hours to measure chronic toxicity. To establish the system we used 
50 nm polystyrene NPs with different surface modifications, plain (PS), carboxylated (PS-
COOH), and amine-modified (PS-NH2), as PS-NH2 nanoparticles were previously reported to 
induce apoptotic cell death. Our HCA results confirmed that PS NPs and PS-COOH NPs are 

not toxic up to concentrations of 100 g/ml for 72 hours while PS-NH2 NPs caused reduction 
in cell number and mitochondrial membrane potential, increased cytosolic calcium, lysosomal 
acidification, nuclear condensation and cell death at 24 hours in a dose dependent fashion. 

The parameter with lower EC50 was lysosomal acidification (EC50~1.1 g/ml in 1321N1 
cells), suggesting that the lysosomes are responsible for triggering the apoptotic response; 
by measuring intracellular accumulation of neutral- and phospho-lypids we confirmed that 
PS-NH2 NPs caused a lysosomal pathology.  

Further analysis quantified a dose dependent increase in lysosomal size associated with a 
decrease in pH inside the organelles, before the mitochondria are engaged in the apoptotic 
pathway. Finally we compared the response from the astrocytoma cell line with that of 
primary astrocytes to establish whether immortalised cell lines can be used as a model for 
primary cells. Our results showed a high degree of similarity for all the parameters analysed 
suggesting that indeed immortalised cell lines could be used to represent cellular toxicity of 
primary cells.  This approach demonstrated very powerful as it allows to rapidly screen a 
large number of nanomaterials and we suggest that it could be implemented as a predictive 
model of in vivo testing. 
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12.58  Assessment of the dustiness of Carbon Nanotubes using the 
Shaker-Method 
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Germany 

E-Mail: bachmann.volker@baua.bund.de 

Probing carbon nanotubes for their dustiness is an important task for exposure assessment 
in areas of their production, handling, and processing. One possible method to model work 
place handling under laboratory conditions is using the so-called Shaker-Method as reported 
by Plitzko et al. 

Continuing this work we describe further experiments and discuss their results in order to 
establish the Shaker-Method as a well proven method in exposure assessment for 
nanomaterial containing aerosols. The method design will be discussed and classified into 
fixed and variable parameters. On the basis of the variable parameters and a standard CNT 
material a set of four measurement points are chosen to result a high particle number 
concentration. For aerosol characterization online equipment (SMPS, CPC) is used. Material 
samples are taken (via NAS and Thermal Precipitator) and analyzed using scanning electron 
microscopy (SEM). A preliminary test protocol is used to conduct experiments with a variety 
of different CNT materials with different outer diameters and length. 

Each material is tested for two hours (18 scans with SMPS between 10 and 1000 nm) with 
constant Shaker parameters. Following e.g. Dahmann and Monz a mean measurement 
curve of the number size distribution is calculated and fitted using a log-normal distribution. 
The resulting integral value is used as the measure of dustiness. Having in mind that the 
implied method results in the electromobility equivalent diameter of ideals spheres the 
resulting information on the size distribution and the standard deviation of the different CNT 
materials are recognized. The interpretation of this data is still ongoing. 

Size information from the microscopy images of the aerosol, samples taken during or after 
the measurement period, is compared to those from the derived fit function. Thereby 
materials of approximately equal tube diameters show comparable electromobility. And an 
increase in tube diameter also leads to an increase in the electromobility equivalent 
diameter. Research to correlate the dimensions of CNT to their electromobility is still under 
way  

Resulting from the so-far experiments we see clear differences, approximately three to four 
orders of magnitude, in the dustiness of the different CNT materials under equal 
experimental conditions. There is no direct link between the dimensions of the CNT and its 
dustiness. Although very thin CNT with a tendency to form particle like agglomerates seem to 
be of less dustiness than those being present as individual tubes or tube clusters. 

1.Plitzko, S.; Gierke, E.; Dziurowitz, N.; Broßell, D.: Erzeugung von CNT/CNF-Stäuben mit 
einem Schwingbett-Aerosolgenerator und Charakterisierung der Fasermorphologie mithilfe 
eines Thermalpräzipitators als Sammelsystem. Gefahrstoffe – Reinhalt. Luft 70 (2010) Nr. 
1/2, pp. 31-35 
2.Dahmann, D; Monz, C.: Determination of dustiness of nanostructured materials. 
Gefahrstoffe – Reinhalt. Luft 71 (2011) Nr. 11/12, pp. 481-487  
3.http://www.inno-cnt.de/en/projekte_carbosafe.php and B. Stahlmecke, L. Ravi, N. Azong-
Wara, C. Asbach, H. Fissan, T.A.J. Kuhlbusch, CarboSafe - Airborne CNT – Towards an 
Online - Measurement Tool, Poster at Inno.CNT annual congress 2011, Ettlingen, Germany 
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Schäffler1, A Wenk1, U Holzwarth2, K Abbas2, N Gibson2, WG Kreyling1 
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Email :stephanie.hirn@helmholtz-muenchen.de 
 

 

The translocation of insoluble nanoparticles (NP) across the air-blood-barrier, into secondary 
target organs is debated. Key questions relate to the role of physico-chemical NP parameters 
like the size of very small aerosolized NP.  

For this reason we have studied the biokinetics of radioactively labeled elemental carbon, 
iridium, titanium dioxide, gold, and silver in healthy female Wistar-Kyoto rats after two hours 
inhalation of freshly produced NP aerosols by spark ignition. The NP median size was for all 
NP the same – 20 nm and the geometric standard deviation was 1.6. After 24 h four rats 
each were sacrificed and broncho-alveolar lavages (BAL) were performed. All organs, the 
remainder and total excretion were analyzed gamma-spectrometrically in a low-background 
well-type detector balancing the administered dose. 

The most prominent fraction of all NP was found in the lungs together with BAL. Detectable 
fractions of NP were found in all other secondary target organs like liver, spleen, kidneys, 
heart, brain, uterus and also blood. The total translocation from lungs to blood within 24 h 
ranged from 0.15 to 11% of the inhaled NP dose (Au < TiO2< EC <Ir < Ag). Also the 
biodistribution pattern differed between the five NP materials indicating that total NP 
translocation is material dependent. 

This study shows a comparison of five nanomaterials of same size (20 nm) which results in a 
material dependent total translocation.  

This work was partially supported by the EU FP7 projects NeuroNano (NMP4-SL-2008-
214547) and ENPRA (NMP4-SL-2009-228789). 
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12.60 New Good Laboratory Standards for in vitro nanotoxicology 
studies in toxicology laboratories 

Anna Huk 1, Yugandhar V S Pothula1,2, Elise Rundén-Pran1, Lise Marie Fjellsbø1, Evy 
Sivesind1, Zuzana Magdolenova1, Maria Dusinska1 

1 NILU-Norwegian Institute for Air Research, Health Effects Laboratory CEE, PO Box 100, 
2027 Kjeller, Norway2  

Department of Chemistry, University of Bergen, Postboks7803, NO 5020, Bergen, Norway 
Email: ahu@nilu.no 

Human health can be influenced by engineered nanomaterials (ENMs), due to their unique 
composition, size, reactivity and ability to cross cell membranes [1]. Researchers in the 
Health Effects Group have studied the toxicological potential of NPs since 2008, in EU FP7 
projects NanoTEST, NanOmega, NanoTOES and QNano. We examine toxic properties of 
ENMs using in vitro cytotoxicity and genotoxicity  tests such as  plating efficiency, growth 
activity, comet assay and HPRT gene mutations assays. The quality assurance system of 
Good Laboratory Practice (GLP) was introduced in January  2011 to improve the work and 
quality of our toxicological studies. The current focus is on the toxicity testing of ENMs and 
on establishing new standards for laboratory work, handling of ENMs and management of 
the waste containing ENMs. Concrete information about the occupational health, safety and 
environmental risks of ENMs is still lacking [2], [3], [4]. As the REACH (registration, 
evaluation, authorization and restriction of chemicals) and CLP (Classification, Labelling and 
Packaging) regulations are not designed for ENMs, there is a pressing need for review of the 
chemical legal framework to establish rules that  guarantee an adequate degree of protection 
for human health and the environment. Thus, the handling of ENMs should be dealt in the 
REACH and CLP revisions foreseen for 2012 [5]. Possessing unique properties, ENMs 
require special restrictions and controls during their synthesis and when performing in vitro 
studies. Specifically there is a need for thorough characterization, both in stock solutions and 
in testing media, and adaptation of test methods or additional controls could be necessary to 
avoid false negative or false positive results.In the Health Effects Lab the current GLP 
standards have been modified specifically for work with ENMs. Attention needs to be paid to 
safety rules which were designed to minimize risks from exposure to ENMs during 
experimentation. New standards should limit the chances of  exposure of the human body to 
ENMs and thereby protect the researcher against their negative effects. Proper rules for 
waste treatment have been developed for better protection of laboratory workers and the 
environment. Although they are specially designed for in vitro toxicology and cell culture 
laboratories, they can also be extended to other specialized laboratories.  

References: 
(1.) Environmental, Health and Safety at the University of California, Berkeley, 
Nanotechnology: Guidelines for safe Research Practices, 2007 
(2.) A.Groso, A. P.Fink, A.Magrez, M. Riediker, T. Meyer Management of nanomaterials 
safety in research environment. Particle and Fibre Toxicology 2010, 7:40). (3.) Yokel and 
MacPhail, Engineered nanomaterials: exposures, hazards, and risk prevention Journal of 
Occupational Medicine and Toxicology 2011, 6:7. (4.) World Health Organization, Handbook 
of Good Laboratory Practices, second Centro Nazionale Sostanze Chimiche, Istituto 
Superiore di Sanità, Rome, Italy] edition. (5.) M. Alessandrelli and M.L.Polci, CLP application 
to nanomaterials: a specific aspect Ann Ist Super Sanità 2011 | Vol. 47, No. 2: 146-152. 
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12.61  Copper(II) oxide nanoparticles penetrate into HepG2 
hepatocarcinoma cells, exert cytotoxicity via oxidative stress 

and induce proinflammatory response 
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The potential toxic effects of two types of copper(II) oxide (CuO) nanoparticles (NPs) with 
different specific surface area, different shape (rod or spheric), different sizes as raw material 
and the same hydrodynamic diameter in suspension, were studied on HepG2 
hepatocarcinoma cells. Both CuO NPs were cytotoxic via oxidative stress and triggered an 
increase of the abundance of several transcripts coding for pro-inflammatory interleukins and 
chemokines. Transcriptomic and siRNA knockdown data and DNA binding activities 

suggested that Nrf2 and to a lesser extent, NF- B, could be implicated in the response of 
HepG2 cells to CuO NPs. CuO NPs incubation also induced activation of MAPK pathways in 
HepG2 cells underlying a potential role of these pathways in the cellular response to CuO 
NPs. Finaly, results indicated that cytotoxicity induced by CuO NPs on HepG2 cells could be 
correlated to only a small extent to the release of Cu++ cations. 
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nanoparticles using micronucleus assay 
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Introduction: The aim of this study was to test genotoxic potential of PLGA-PEO and bare 
iron oxide nanoparticles in TK6 lymphoblastoid cells by the in vitro cytochalasin-block 
micronucleus (CBMN) assay. Cytostatic effect was evaluated by cytokinesis – block 
proliferation index (CBPI). 

 

Material and method: TK6 cells were set up in 5 ml complete medium in density 2x105 
cells/ml in cultivate flasks with area 9 cm2. Two cultures of each sample were set up. Both, 
untreated control and positive control treated with mitomycin C (0.05 μg/ml) were used in 
each experiment. Two CBMN protocols were used with two independent experiments each. 

In the first protocol, after 24 hours cells were exposed to three recommended doses of NPs 
(75, 15  and 3 μg/cm2) for 24, 48 and 72 h. Cytochalasin B (6 μg/ml) was added for the last 
24 hours.  In the second protocol, after 24 hours cells were exposed to three recommended 
doses of NPs (75, 15 and 3 μg/cm2) for 4, 24 and 48h. After this period medium was 
replaced and cytochalasin B (6 μg/ ml) was added for 24 hours. MN analysis was performed 
on 2000 binucleated cells. To assess cell proliferation, the CBPI was determined from 500 
cells per culture. SPSS 16.0 software was used for statistical analysis. 

Results and conclusions: The frequencies of micronucleated binucleated cells and CBPI 
observed in samples treated with PLGA-PEO and bare iron oxide nanoparticles were not 
statistically different from those seen in the negative controls neither of two used protocols. 
These results suggest that PLGA-PEO and bare iron oxide did not have potential 
genotoxicity. 

 

Supported by EC FP7 [Health-2007-1.3-4] and by NMP4-CA-2008-218539. 
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In order to study the toxicity of carbon nanotubes, cholesterol based derivatives were 
synthesized. Due to their exceptional properties, a wide field of applications is opened for 
carbon nanotubes. Regarding this field, knowing their toxicity becomes a key issue. 

The work presented here aims towards the synthesis of chemical derivatives designed to 
increase interactions between carbon nanotubes and a biological environment. The 
synthesis of a series of cholesterol derivatives aimed for the functionalization of carbon 
nanotubes has been developed. Such derivatives are intended to interact with cell 
membranes. 

Moreover, many synthetic intermediates have mesomorphic properties. These properties 
have been studied using different methods such as polarized optical microscopy (POM), 
differential scanning calorimetry (DSC) and X-ray scattering (MWAXS) 

HiPco nanotubes have been purified, functionalized and characterized with techniques such 
as Raman spectroscopy and X-ray diffraction (XRD). 

Finally, a preliminary study of carbon nanotubes toxicity is presented. 
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Introduction: The mammalian in vivo micronucleus test is used to study the damage induced 
by test substance to the chromosomes or the mitotic apparatus of erythroblasts by analysis 
of erythrocytes as sampled in bone marrow of animals. 

The aim of this study was to study genotoxicity of coated Fe3O4 NPs and titanium dioxide 
NPs by in vivo micronucleus test in polychromatic erythrocytes (PCE) of bone marrow of rat. 

 

Material and method: Female outbreed Wistar rats (148 animals, age 9-10 weeks, weight 
220 g ± 22g) were used in the study. Tested nanoparticles were oleic acid coated Fe3O4 
NPs (0.1. 1 and 10 % from LD50, LD50=36.42 mg/kg), TiO2 NPs (1% from LD50, 
LD50=59.22 mg/kg) as a positive control and negative control (wehicle). Bone marrow was 
sampled at 1, 7, 14 and 28 days after a single i. v. injection to adult rats. 

Bone marrow cells were obtained from the femurs immediately following sacrifice. Both 
femora were dissected, and marrow cells were flushed out with fetal calf serum. The cell 
suspension was centrifuged, the supernatant was withdrawn, and the cell pellet was 
resuspended and placed on a clean glass slide. Slides were air dried and fixed with absolute 
methanol and stained with Giemsa. 2000 PCE (immature erythrocytes) per animal were 
scored for the incidence of micronuclei by light microscopy. The proportion of immature 
among total (immature + mature) erythrocytes was also recoded. SPSS 16.0 software was 
used for statistical analysis. 

 

Results and conclusions: We found neither mutagenic (incidence of micronucleated 
immature erythrocytes) nor cytotoxic (decrease in the proportion of immature erythrocytes) 
effect after testing selected NPs in mammalian erythrocyte micronucleus test. We suppose 
that these NPs in the tested doses were non mutagenic, or negative result was a 
consequence of the fact that NPs did not reach the target tissue (bone marrow) and this test 
is not appropriate to use in this case. 

 

Supported by EC FP7 [Health-2007-1.3-4] and by NMP4-CA-2008-218539. 
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12.65  Measurement of markers of oxidative stress and antioxidant 
protection in rats exposed to nanoparticles 
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Introduction: Nanoparticles (NPs) may differ in reactivity and solubility and may interact with 
all kinds of endogenous proteins, lipids, polysaccharides cells, which may cause increased 
production of reactive oxygen species (ROS). ROS are normally scavenged by antioxidants 
and various enzymes; however, elevated concentrations of ROS in cells can result in 
oxidative stress. Cells under severe oxidative stress show various dysfunctions of membrane 
lipids, proteins and DNA. Moderate increase of ROS production usually causes an increase 
in the activities of Antioxidant enzymes, but a huge increase of ROS production can inhibit 
the activities of Antioxidant enzymes by a feedback mechanism Antioxidant enzymes react 
very sensitively to changes in the production of reactive oxygen species, which serve as 
substrate for them. The aim of this work was to study the effects of application of Fe3O4 and 
titanium dioxide NPs on antioxidative status in vivo in blood and various organs of rat (heart, 
liver, kidney, brain and lungs). 
 
Material and method: Female outbred Wistar rats were used for the experiment, age 9-10 
weeks, weight 220 g ± 22g. The animals were divided into 5 groups: 1) negative control 
group was exposed to the vehicle solution, 2) positive control group was exposed to (titanium 
dioxide, in a dose 1% of LD50 (LD50=59.22 mg/kg); and 3 groups exposed to oleic acid 
coated magnetite (in different doses - 0.1%, 1% and 10% of LD50, LD50=36.42 mg/kg).Rats 
were exposed to NPs by intravenous injection. The route of exposure was chosen according 
to the suggested medical usage of the studied NPs. There was a single exposure at the 
beginning of the study with subsequent sacrificing after 1 day, 1 week, 2 weeks and 4 weeks.  
The activities of antioxidant enzymes (AOE): glutathione peroxidase (GPX), glutathione S-
transferase (GST), superoxide dismutase (SOD) and catalase (CAT) were measured in 
erythrocytes spectrophotometricaly. Concentrations of reduced glutathione (GSH) and levels 
of malondialdehyde (MDA) were measured in plasma by HPLC. These parameters were 
examined in the heart, liver, kidney, brain and lung tissues as well.  
 
Results and conclusions:  
There was a significant increase in the activity of GPX (p=0.029) in erytrocytes in the group 
exposed to titanium dioxide NPs 4 weeks after exposure, but no significant changes of 
concentrations MDA. 
1 week after exposure there was a significant increase in the activity of GST and GPX 
(p=0.040, 0.044 respectively) in liver tissue in the group exposed to 10 % magnetite NPs, but 
there was no change of MDA. There were no significant differences in other tissues in AOE 
activities and in MDA concentrations of exposed groups comparing to control; following this 
fact the potential toxicity of NPs could not be demonstrated. According to the concentrations 
of both MDA and GSH (which have not been changed significantly), we can judge, that 
exposure to NPs should evoke some changes in the production of ROS, but moderate 
changes in the activities of AOEs were able to prevent them in exerting significant 
deleterious effect in the cells of corresponding tissues. 
 
Acknowledgement: Supported by EC FP7 [Health-2007-1.3-4], Contract: 201335,   
by NMP4-CA-2008-218539.  
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Activity of Human Natural Killer Cells In Vitro 
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Introduction: Cytotoxic activity of natural killer cells is an important component of innate 
immunity. Natural killer cells play an important role in the host-rejection of both cancer cells 
and virus-infected cells. Therefore assessment of the effect of nanoparticles on the 
cytotoxicity of NK cells is an important part of immunotoxicity studies.  Our study describes 
the effect of iron oxide nanoparticles on the capacity of human natural killer (NK) cells to lyze 
tumorous target cells under in vitro conditions.  

Material and method: Iron oxide NPs as promising imaging contrast agents for magnetic 
resonance imaging have been selected for in vitro testing. Isolated human peripheral 
mononuclear cell cultures (n=11) were treated with bare iron oxide (Fe3O4) (IO) and sodium 
oleate coated iron oxide (SO IO) nanoparticles in three different concentrations: 0.12 μg/cm2, 
3 μg/cm2 and 75 μg/cm2 and two time intervals: 4h and 24h. Crystallite size distribution of 
iron oxides NPs by TEM: IO 5-13 nm, SO IO: 5-12 nm, crystal structure octahedral, shape 
oblong. 

Natural killer cells: The isolated mononuclear cells were mixed with K562 target cells at a 
1:50 ratio and incubated for 2 hours. Propidium iodide solution was added before the end of 
the incubation and samples were measured using flow cytometry.  

Results and conclusions: Our results indicate no marked differences in natural killer cell 
activity of cells treated 4h with low and middle doses of two iron oxide nanoparticles. On the 
other hand, in vitro exposure of cells to high doses of both SO IO and IO nanoparticles 
significantly decreased cytotoxic activity of NK cells (p<0.01, p<0.05).  

Similarly, cytotoxic activity was significantly suppressed after 24h exposure to high dose of 
SO IO (p<0.05). Significant stimulatory effect of NPs on cytotoxic activity of NK cells was 
found in cultures in vitro exposed to low and middle dose of SO IO (p<0.01) as well as middle 
dose of IO (p<0.05) after 24h treatment with NPs.  

IN CONCLUSIONS, OUR RESULTS INDICATE IMMUNOMODULATORY EFFECTS OF TWO IRON OXIDE 

NANOPARTICLES ON CYTOTOXIC ACTIVITY OF HUMAN NK CELLS.   

Acknowledgement: Supported by EC FP7 [Health-2007-1.3-4], Contract: 201335; NMP4-CA-2008-
218539 and by FP7-262163. This article was created by the realization of the project ITMS 
No.24240120033, based on the supporting Operational Research and Development Program financed 
from the European Regional Development Fund. 

We thank Helena Nagyova, Edita Mrvikova, Marta Postrkova for their excellent technical help. 

  

mailto:aurelia.liskova@szu.sk


 

 

 

 

Abstract Book - 136 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

12.67  The effect of PLGA and TiO2 Nanoparticles on Immune 
Response 

Jana Tulinska1, Miroslava Kuricova1, Aurelia Liskova1, Eva Neubauerova1,  
Eva Jahnova1, Mira Horvathova1, Katarina Volkovova1, Ladislava Wsolova1,  

Dagmar Bilanicova2, Giulio Pojana2, Maria Dusinska3,1 

 

1 Slovak Medical University, Bratislava, Slovakia 
2 University Ca’ Foscari of Venice, Venice, Italy 

3 Norwegian Institute for Air Research, Kjeller, Norway 
Email: jana.tulinska@szu.sk 

 
Introduction: Increasing development in nanotechnology provides promising source 
of new beneficial materials for common use or medical diagnostic and therapeutic 
possibilities. Therefore the hazard assessment to ensure safety of newly engineered 
nanoparticles (NPs) is important. Significant part of toxicity testing is assessment of 
the effect of NPs on the immune response. The aim of this study was to evaluate the 
effects of PLGA and TiO2 nanoparticles on function of B- and T- lymphocytes in human 
peripheral blood.  

Material and method: Poly(lactide-co-glycolide acid) (PLGA) have been extensively 
investigated because of its favorable biocompatibility and biodegradability. Titanium dioxide 
(TiO2) is well known component of sun creams and cosmetics. Human peripheral whole 
blood cultures were treated with PLGA (140nm) and TiO2 (15-60nm) nanoparticles in three 
different concentrations: 0.12 μg/cm2, 3 μg/cm2 and 75 μg/cm2 and four time intervals: 72h, 
48h, 24h and 4h. Lymphocyte transformation assay was used to assess the effect of NPs on 
lymphocyte function. Lymphocytes were stimulated with mitogens concanavalin A (ConA), 
phytohaemmagglutinin (PHA), pokeweed mitogen (PWM) and antigen CD3 (CD3). Cell 
proliferation was quantified by [3H]-thymidine incorporation into DNA. Radiation was 
measured by beta-plate liquid scintillation spectrophotometer. 

Results and conclusions: PLGA: The high dose of PLGA nanoparticles significantly 
suppressed basal proliferative response of peripheral blood cells, especially after treatment 
with NPs for the last 4h of culture. Proliferation of T-lymphocytes stimulated with CD3 antigen 
was most affected, with significant suppression but no clear dose-dependency. The least 
affected response was in cultures stimulated with Con A.    

TiO2: No effect of selected doses of TiO2 NPs on basal proliferative response of peripheral 
blood cells, but stimulation of cell cultures treated with high dose of TiO2 NPs for last 4h of 
72h cultivation period was observed. 4h exposure to high dose TiO2 NPs significantly 
stimulated T-cell and T-dependent B-cell response in presence of PHA, Con A and PWM 
mitogen. Proliferative response of T-lymphocytes through the T-cell receptor (CD3 antigen) 
was different – significant suppression without clear dose-dependence.  

Our findings might indicate different response of B-lymphocytes and T-cell subpopulations to 
PLGA and TiO2 nanoparticles.   

 

Acknowledgement: Supported by EC FP7 [Health-2007-1.3-4], Contract: 201335; NMP4-CA-2008-
218539 and by FP7-262163. This article was created by the realization of the project ITMS 
No.24240120033, based on the supporting Operational Research and Development Program financed 
from the European Regional Development Fund. 

We thank Helena Nagyova, Edita Mrvikova, Marta Postrkova for their excellent technical help. 

  

mailto:jana.tulinska@szu.sk


 

 

 

 

Abstract Book - 137 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

13 Author Index 
  



 

 

 

 

Abstract Book - 138 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

 
 
Abbas, 128 
Alastuey, 54 
Al-Bairuty, 56, 57 
Al-Kattan, 44, 117 
Alpan, 95, 96 
Andreau, 29 
Anguissola, 118, 126 
Antonopoulos, 109 
Arlinghaus, 115 
Asbach, 21 
Audinot, 130 
Authier, 63 
Bachler, 68 
Bachmann, 127 
Baeza, 26, 83, 119 
Baeza-Squiban, 29 
Bailleux, 132 
Baker, 35 
Barancokova, 131, 133 
Barberio, 69 
Barlow, 62 
Barthès, 18, 44 
Bastús, 11 
Baumgartner, 14 
Bazou, 89 
Bekker, 20, 70, 80 
Bendixen, 117 
Beraud, 63 
Berghmans, 81 
Berhanu, 106 
Bilanicova, 135, 136 
Boccaccini, 106 
Boilan, 130 
Boland, 26, 29, 83, 119 
Bonnier, 24 
Boraschi, 36, 64 
Bos, 36 
Bourdiol, 15 
Bouwmeester, 27, 32 
Boyle, 56, 57 
Boyles, 71, 112 
Braun, 110 
Brouwer, 20, 70 
Brown, 72 
Bureau, 18 
Busquets, 22 
Buttol, 69 
Byrne, 24, 36 
Calvo, 74 
Calzolai, 12 
Campidelli, 132 

Carlson, 120 
Casals, 64, 71, 112 
Casey, 24, 75, 100, 123 
Cassee, 30 
Catalan, 73, 84, 104 
Cavelius, 101 
Ceccone, 12 
Cecilia, 124 
Cécillon, 18, 44 
Chambers, 24, 75, 100, 123 
Chang, 103 
Chatelain, 94 
Chen, 103 
Claonadh, 100, 123 
Clark, 105 
Clausen, 73 
Coleman, 30 
Colvin, 16 
Comenge, 11 
Concu, 79 
Conner, 16 
Coste, 63 
Cots, 74, 79 
Cramariuc, 93 
Croteau, 106 
Cruz-González, 124 
Dahmann, 36 
Daniels, 14 
Dardenne, 63 
David, 124 
Dawson, 118 
de Castro, 114 
Delhalle, 94 
Deutschmann, 14 
Diapouli, 54 
Dickson, 62 
Dijkman, 38 
Doa, 34 
Dogné, 94, 96 
Dolan, 75 
Dorney, 24, 75 
Draude, 115 
Drezek, 16 
Driessen, 61 
Duschl, 64, 71, 112 
Dusinska, 129, 131, 133, 
134, 135, 136 
Duuren-Stuurman, 70 
Dybowska, 106 
Dziurowitz, 127 
Eitzlmayr, 77 

Eleftheriadis, 50, 54 
Engel, 80 
Engqvist, 120 
Ewert, 76 
Fabricius, 25 
Falk, 77, 78, 125 
Feitshans, 66 
Ferecatu, 29 
Fernandes, 36 
Fernández-Rosas, 22 
Ferrari, 43 
Filoramo, 132 
Findling, 18 
Fito, 74, 79 
Fjellsbø, 129 
Flahaut, 15, 63 
Florent, 83 
Fokkink, 27 
Fourquaux, 15 
Franks, 110 
Fransman, 70, 80 
Fransolet, 130 
Fraser, 62 
Freund, 35 
Frijns, 81 
Fritts, 35 
Fröhlich, 77, 78 
Fu, 103 
Fyfe, 88 
Gaheen, 35 
Gaiani, 47 
Galceran, 124 
Galla, 115 
Garcés, 124 
Garcia, 24 
Gardner, 88 
Garry, 118 
Garvas, 82 
Gauthier, 15 
Geraets, 30 
Gibson, 128 
Gilliland, 12 
Gini, 50 
Giordani, 89 
Glaus, 25 
Golanski, 42, 43 
Gorini, 114 
Götz, 97 
Graf, 61, 115 
Guadagnini, 26, 83, 119 
Gubbins, 72 



 

 

 

 

Abstract Book - 139 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

Guiot, 42, 43 
Günther, 25 
Haase, 31, 61, 97, 115 
Haberl, 128 
Hagendorfer, 117 
Hahn-Dantona, 35 
Handy, 56, 57 
Hannukainen, 84 
Harper, 35 
Hartl, 78, 125 
Hellack, 17 
Hendriksen, 27, 32 
Henry, 56, 57 
Herrera Rivera, 27 
Hirn, 128 
Hischier, 41 
Hoet, 45 
Hole, 85 
Holzwarth, 128 
Horvathova, 135, 136 
Housiadas, 109 
Hristozov, 36 
Huk, 129 
Hulsart, 120 
Hund-Rinke, 36 
Hungerbühler, 25, 68 
Hunt, 86 
Hussain, 12, 29, 83 
Hutchison, 62, 88 
Imperor, 132 
Ingram, 62 
Italiani, 64 
Izak, 91 
Jacques, 130 
Jahnova, 135, 136 
Janer, 22 
Järventaus, 73, 104, 113 
Jensen, 73 
Jing, 51 
Johnston, 72, 128 
Juillerat-Jeanneret, 37 
Jungnickel, 97, 115 
Kaiser, 45 
Karanasiou, 54 
Karilainen, 93 
Kazimirova, 131, 133 
Kestens, 110 
Kireeva, 54 
Klaessig, 35 
Klemm, 35 
Koklič, 82 
Kozempel, 128 
Kraegeloh, 101 

Kreyling, 128 
Krukemeyer, 92 
Kucki, 101 
Kuhlbusch, 17, 21 
Kühnel, 36 
Künniger, 41 
Kuricova, 135, 136 
Lad, 116 
Laera, 12 
Laine, 93 
Laloy, 94, 95, 96, 98 
Lamberty, 110 
Landsiedel, 36 
Langevin, 132 
Larue, 18 
Lattuada, 117 
Laux, 97 
Le Guyader, 103 
Lefèvre, 63 
Lewinski, 16 
Li, 103 
Lindberg, 104 
Linsinger, 110 
Liskova, 135 
Liu, 103 
Losert, 117 
Louise, 132 
Lozano, 95, 96, 98 
Lucas, 94, 95, 96, 98, 99, 
121, 130 
Luch, 31, 61, 97, 115 
Luoma, 106 
Maes, 14 
Magdolenova, 129 
Magnin, 18 
Makris, 109 
Malone, 62, 107 
Mansurov, 49 
Mantion, 31, 61, 115 
Marano, 26, 29, 83, 119 
Marbehant, 94 
Marcomini, 36, 47 
Masereel, 94, 95, 96, 98, 99, 
121 
Meier, 105 
Meindl, 77 
Mejia, 94, 98, 99, 130 
Mendoza, 121 
Meunier, 63 
Michel-Castillo, 18 
Migliore, 36 
Mislanova, 134 
Misra, 106 

Moghimi, 59 
Monné, 124 
Moreau, 83, 119 
Mouchet, 15 
Movia, 89 
Mueller, 37 
Mullier, 94 
Murphy, 75, 100, 123 
Nelissen, 81 
Neofytou, 109 
Neubauerova, 135, 136 
Nickel, 17 
Nicol, 107 
Noël, 121, 130 
Norma, 88 
Norppa, 73, 84, 104, 113 
Nowack, 44 
Nymark, 73, 104 
Ojea, 108 
Olagnier, 63 
Oomen, 30, 36 
Oostingh, 64, 71, 112 
Ott, 120 
Ouyang, 16 
Paik, 35 
Pan, 35 
Papanastasiou, 50 
Perrault, 15 
Pesch, 64 
Peters, 27, 32 
Piella, 108 
Pilou, 109 
Pini, 114 
Pipy, 63 
Piret, 94, 99, 121, 130 
Plendl, 31, 61 
Plitzko, 127 
Pojana, 135, 136 
Popovicheva, 53, 54 
Pothula, 129 
Prach, 62, 102 
Pras, 42, 43 
Prina-Mello, 89 
Pronk, 20 
Proudfoot, 62, 102, 107 
Puntes, 11, 22, 64, 71, 108, 
112 
Puy, 124 
Querol, 54 
Ramsden, 56, 57 
Raptakis, 50 
Reiser, 31 
Rey-Castro, 124 



 

 

 

 

Abstract Book - 140 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

Rhiem, 14 
Riediker, 52, 86, 105 
Rietjens, 27 
Robert, 94 
Roblegg, 77, 78 
Robson, 122 
Roebben, 110 
Róg, 93 
Rolin, 94, 95, 96 
Romazanov, 21 
Rossi, 12, 52 
Rott, 31 
Roure, 9 
Rundén-Pran, 129 
Salvador, 124 
Saout, 99, 121, 130 
Sarret, 18, 44 
Sauvain, 52 
Savolainen, 73, 84, 111 
Scalbi, 69 
Schäffer, 14 
Schäffler, 128 
Scheer, 43 
Schleh, 128 
Schlinkert, 71, 112 
Schroeter, 30 
Schütz, 37 
Scott-Fordsmand, 36 
Semmler-Behnke, 128 
Sheehy, 75, 100, 123 
Siivola, 113 
Siligardi, 12 
Simon, 14 
Sinner, 78, 125 
Sirviö, 111 

Siupa, 85 
Sivesind, 129 
Sloman, 56, 57 
Smith, 85 
Smulders, 45 
Som, 41 
Stafford, 35 
Stahlmecke, 21 
Staruchova, 131, 133, 134 
Stibany, 14 
Stoehr, 64 
Stone, 72, 102 
Štrancar, 82 
Sturla, 116 
Suhonen, 73, 84, 104 
Tardif, 40, 42, 43, 47 
Tassi, 114 
Taubert, 31, 61, 115 
Tentschert, 97, 115 
Terwoert, 38 
Teub, 77 
Thim, 127 
Thomas, 35 
Thünemann, 31, 61, 115 
Tielemans, 20 
Toussaint, 94, 95, 96, 98, 
99, 121, 130 
Tran, 11, 71 
Trantakis, 116 
Tromp, 70 
Tsangaris, 109 
Tuinman, 70 
Tulinska, 135, 136 
Ulrich, 44, 117 
Umek, 82 

Val, 29 
Valadao, 114 
Valembois, 99 
Valsami-Jones, 106 
van der Zande, 32 
van Eijkeren, 30 
van Manen-Vernooij, 80 
Vandebriel, 32 
Vankoningsloo, 121 
Vattulainen, 93 
Vázquez-Campos, 22 
Veber, 132 
Viana, 54 
Vincent, 85 
Volkov, 89 
Volkovova, 131, 133, 134, 
135, 136 
von Barany, 21 
von der Kammer, 36 
von Goetz, 25, 68 
von Lochow, 14 
Vranic, 26, 83, 119 
Wagner, 16, 92 
Walczak, 27 
Wei, 103 
Wenk, 128 
Wick, 36, 45 
Windeatt, 56 
Wsolova, 135, 136 
Xia, 120 
Yugandhar, 129 
Zhu, 16 
Zimmer, 78 
Zouboulis, 121 
Zuin, 47 

 
  



 

 

 

 

Abstract Book - 141 / 141 - NanoImpactNet – QNano Integrating Conference Dublin 2012 

EXHIBITORS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


