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A91267AC 

Enhanced protein corona characterisation using novel corona isolation 
and capillary electrophoresis-mass spectrometry techniques 

FASERL Klaus 3, CHETWYND Andrew 1, LYNCH Iseult 2, THORN James 1, LINDNER Herbert 
3 
 
(1) AB Sciex UK Ltd., Warrington, United Kingdom; (2) School of Geography Earth and 
Environmental Sciences, University of Birmingham, Birmingham, United Kingdom; (3) 
Department of Medical Chemistry and Biochemistry, University of Innsbruck, Innsbruck, 
Austria 

Since the nanoparticle corona rose to eminence, it has been investigated by a range of 
researchers trying to characterise and derive its significance. To date, liquid chromatography-
mass spectrometry (LC-MS) is the favoured platform for protein corona characterisation. 
However, capillary electrophoresis-mass spectrometry (CE-MS) offers an exciting prospect to 
increase sample throughput and separate and detect highly polar and very large peptides 
missed by conventional nLC-MS platforms. 

Silica NPs were incubated for 1 hr at 37 °C in plasma. On-particle digest particles were washed 
prior to immediate tryptic digest. The off-particle digest NP-corona complexes were boiled in 
SDS buffer and run on a SDS-PAGE gel prior to in-gel digestion. A SCIEX CESI 8000 Plus 
with a 90 cm neutral capillary and 30 kV separation voltage with 2 PSI for separation, detection 
was with a Thermo QExactive HF mass spectrometer. 

Initially an on-particle digest in ammonium bicarbonate buffer was performed and resulted in 
1844 peptide and 121 protein identifications. The CE-MS analysis was highly reproducible with 
40% of peptide peak areas with <10% RSD. However, the reproducibility for sample 
preparation was poor, with only 48% of peptides seen in all experimental replicates. To 
ameliorate this, RapiGest SF and/or urea were investigated to ensure peptides remained 
solubilized and not re-adsorbed onto the nanoparticle. The addition of RapiGest SF proved 
optimal compared with urea and pure buffer, enabling the detection of 196 proteins and 2255 
peptides. The number of peptides with peak area RSD >50% fell from 32% to <10%. RapiGest 
SF also resulted in the least number of missed cleavages. The on-particle digest was 
compared to an in-solution digest and in-gel digest of the protein corona. The on-particle digest 
resulted in a greater number of peptides and proteins being identified. Interestingly there were 
proteins groups with significantly improved recoveries for different sample preparation 
methods. For example immunoglobulins were greatly improved with in-gel digest whereas 
apolipoproteins recoveries were lower with the RapiGest SF method. Thus highlighting the 
significance of understanding and valiadating the characterisation method prior to any 
modelling/QSAR analysis. In addition, this method has a much greater throughput; 12 samples 
per 8 hr work day compared to 4 samples for LC-MS. This work also represents the first 
demonstration of CE-MS for the analysis of the protein corona. 
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A91362AA 

CONTRAST ENHANCEMENT FOR LIPID NANOPARTICLES (LNPS) 
CHARACTERIZATION USING TRANSMISSION ELECTRON 

MICROSCOPY (TEM) 

ARNOULD Amandine1, 2, CAPUTO Fanny 3, BACIA Maria 4, TEXIER Isabelle 3, BOUTRY 
Delphine 3, AUGER Aurélien 1, SOULAS Romain 1, DAMLENCOURT Jean-François 2,3 
 

(1) CEA-LITEN, MINATEC Campus, F-38054 Grenoble, Grenoble, France; (2) Univ. Grenoble 
Alpes, F-38000 Grenoble, Grenoble, France; (3) CEA-LETI, MINATEC Campus, F-38054 
Grenoble, Grenoble, France; (4) IBS, EPN Science Campus, F-38044 Grenoble, Grenoble, 
France Organic nanoparticles such as Lipid NanoParticles (LNPs) are generally difficult to 
characterize using Transmission Electron Microscopy (TEM) due to their low contrast [1]. Their 
characterization is all the more complicated since the suspension media is a liquid and is not 
compatible with TEM characterization (TEM column being under vacuum). To circumvent 
these issues, a work needs to be done on sample preparation before observation [2, 3]. 

 This study is based on the characterization by TEM of LNPs, before and after incubation with 
proteins, to assess their stability. The studied nanoparticles are composed of an oil and wax 
lipid core stabilized in aqueous medium by surfactants [4]. Particle size distribution (PSD) and 
shape were characterized by TEM. In order to picture the particle morphology in their close-
to-application environment, cryo-TEM and in-situ liquid TEM were performed. PSD collected 
by TEM methods were compared to the results obtained by batch mode DLS and after 
fractionation of the sample by FFF, followed by online MALS and DLS analysis. 

 Particles prepared using negative staining appeared to have different shape according to the 
oil/wax core ratio but the observation of their core/shell structure was not possible. Preparation 
using a cryogenic technique to fix the dispersion state of the particle was thus used. Cryo-TEM 
observation showed particle distortion which may come from the blotting process before 
freezing because of particle softness [5]. To avoid sample preparation artefacts, LNP were 
then observed thanks to an in-situ liquid holder but they could not be observed without 
functionalizing their surface. Particle grafting with metallic nanoparticles was thus performed 
on LNP surface to enhance TEM contrast. This strategy allowed the core/shell structure to be 
visualized. Particle interaction with proteins was also performed to mimic blood protein 
interaction. PSD obtained by AF4-MALS were correlated to TEM results during particle aging, 
confirming LNP stability. However, PSD obtained for LNP after interaction with proteins 
showed slight differences.  

[1] ñElectron Microscopy of Polymersò, ed. H Pasch, (Springer Laboratory, Germany) p. 175-183 

[2] Micron 29 (1998), p. 145 

[3] Biochimica et Biophysica Acta 34 (1959), p. 103 

[4] Journal of Colloid and Interface Science 360 (2011), p. 471 

[5] Current Opinion in Colloid an Interface Science 17 (2012), p. 316 
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A91375TK 

Experimental investigation on impact of fine particle less than 10nm 
on filtering efficiency of particulate respirators 

KOMAMIYA Toshinori 1, ZAMA Yoshio 1, SEKIGUCHI Yusuke 2, KURANO Norikazu 2, 
NOGUCHI Makoto 2 
(1) Gunma university, Gunma, Japan; (2) Shigematsu Works Co., LTD., Saitama, Japan  

In the field of nanomaterial production, the diameter of nanoparticle such as functional 
materials tends to become small in order to improve performance of its materials. The risk for 
the exposure of the nanoparticles having the diameter less than 10nm should be reduced in 
terms of negative effect on human health. The particulate respirators is the promising way for 
the prevention from the exposure of the nanoparticles. However, its efficiency for the 
nanoparticles less than 10nm have not been assessed experimentally. 

In this study, the nanoparticle generator based on sublimation of fullerene (C60) was proposed 
in order to investigate the impact of nanoparticles less than 10nm on the filtering efficiency of 
the particulate respirators. Its generator consisted of a high temperature furnace for 
sublimation of fullerene (C60). In order to check the performance of the proposed nanoparticle 
generator, number concentration with respect to particle diameters was measured with the 
scanning mobility particle sizer (SMPS). As the result, the nanoparticle generator proposed in 
this study stably could produce the nanoparticle less than 10nm, and high number 
concentration of particles more than 105 #/cm3 at 8nm was achieved. It means that it was 
enough to assess the filtering efficiency of the particulate respirators for the particles less than 
10nm by using the nanoparticle generator. Moreover, the filtering efficiencies of the particulate 
respirators with high and low grade performances were evaluated for the particles less than 
10nm by using the proposed nanoparticle generator. As the results, as for the nanoparticle 
less than 10nm, the particle number concentration in the gas passed through the filter was 
almost zero regardless of grade of filters. Therefore, it was found experimentally that the 
particles less than 10nm were collected with the filtering efficiency of almost 100% by using 
the particulate respirators as shown in Fig.1. 
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A91549PR  

Purchasing Metal Oxide Nanopowders for Research: Buyer Beware! 

RASMUSSEN Pat1,2, AVRAMESCU Mary-Luyza 1, CHÉNIER Marc 1, GARDNER David 2 
 
(1) Health Canada, Ottawa, Canada; (2) University of Ottawa, Ottawa, Canada 

Eight metal oxides were selected for research on the dissolution behaviour of engineered 
nanomaterials (ENMs) dispersed in water and cell culture media. Suppliers of metal oxide 
nanopowders were identified by internet search, and products were selected based on particle 
size (Ò50 nm using TEM) and other characterization information available (e.g. specific surface 
area). The following ENMs were obtained in dry powder form: zinc oxide (ZnO), nickel (II) oxide 
(NiO), titanium dioxide (TiO2), cerium oxide (CeO2), copper (II) oxide (CuO), aluminum oxide 
(Al2O3), manganese oxide (Mn2O3) and iron (III) oxide (Fe2O3). A Rigaku Ultima IV X-ray 
diffractometer (XRD Bragg-Brentano geometry) was used to confirm the compounds present 
in the purchased nanopowders. Additional information about the particle size distribution was 
obtained using Small Angle X-ray Scattering (SAXS) which works well in the 1 to 65 nm particle 
size range. Mn2O3 was purchased from two suppliers but neither contained Mn2O3 according 
to XRD analysis. One nanopowder sold as Mn2O3 (Figure 1) consisted mainly of alpha MnO2 
(avg 21 nm) and hausmannite (Mn3O4; avg 46 nm), with a small fraction of an unidentified 
compound (avg 55 nm). The second nanopowder sold as Mn2O3 contained two MnO2 
compounds: akhtenskite (83 wt%; avg 20 nm) and ramsdellite (17 wt%; avg 32 nm). Results 
for one Fe2O3 nanopowder indicated the presence of two different compounds: gamma Fe2O3 
(88 wt %) and synthetic hematite (12 wt %).  As this mixed product was likely to yield 
inconsistent solubility results, a different supplier was selected whose Fe2O3 product was 
determined to contain >98% synthetic hematite (avg 14 nm). These results underscore the 
importance of double-checking the physical and chemical characteristics of ENMs obtained for 
research purposes. 
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A91606JS  

Micro sensor for the capacitive detection of airborne nanoparticles 
fabricated by combining 3D printing and lithography 

SCHMITT Jean1,2, BAHK Yeon Kyoung 1,2, WANG Jing 1,2 
 
(1) ETH Zürich, Institute of Environmental Engineering, Zürich, Switzerland; (2) EMPA 
Laboratory for Advanced Analytical Technologies, Dübendorf, Switzerland  

Most of the existing particle sensors are based on optical detection, measuring the light-
scattering of the incoming particles. The main disadvantage is the need to integrate optical 
devices such as laser, photodetector and lenses, making the down-scaling of such sensors 
challenging. Capacitive methods have been widely used for the detection of gases, based on 
the change of electrical properties of a dielectric material caused by the physical or chemical 
interaction with the target gas. The resulting signal is monitored with an electronic circuit 
integrated on a silicon chip by standard microfabrication processes. 

In this study, capacitive sensing is used for the detection of airborne nanoparticles. The sensor 
is composed of a channel containing two electrodes that measure the change due to 
interactions between the electric field and the incoming particles. In order to detect 
nanoparticles, the sensitivity of the capacitive sensor is improved by increasing the electrode 
area: interdigitated finger-structures as well as 3D electrodes serve that purpose. This study 
uses 3D printing based on two-photon polymerization in order to add electrodes and functional 
structures directly onto the silicon chip. The channel between the capacitor plates is also 
modified by the addition of 3D printed microstructured polymer network able to retain small 
particles. 

With the high precision (100nm resolution) of the 3D printing device, the influence of the 
structureôs geometry (mesh shape and size, number of layers, geometry of the pores) will be 
investigated as well as the influence of modified photoresists with different additive materials. 
The selectivity of the sensor towards different types of particles will be evaluated. 
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A91645OT 

Metrology of Nanoparticles with Small Angles X-Ray Scattering 
(SAXS): from simple cases to nanoparticles in food additives 

TACHE Olivier 1, BARRUET Elodie 1, GEERTSEN Valerie 1, TESTARD Fabienne 1, THILL 
Antoine 1, SPALLA Olivier 1, DOCO Stanislas 1,  
 
(1) CEA / NIMBE, Gif/Yvette, France  

Small-Angles X-Ray Scattering (SAXS) has been established as a metrological method for the 
determination of nanoparticles size and size distribution. Modern SAXS Laboratory 
experiments [1], by involving synchrotron-based instrumentation at lower price and very stable 
X-ray source, are more and more used in nanomaterials metrology. 

In the frame of the EURAMET Innanopart project, we have developed a methodology for the 
size, size distribution and concentration determination of spherical nanoparticles. This protocol 
involves a precise sample preparation, a rigorous procedure for the data acquisition, and a set 
of homemade software tools for the data processing - from the acquisition, the absolute 
scaling, to the analysis. 

The SAXS technique is very accurate for the characterization of simple case using 
nanoparticles: monodisperses, spheric form, unique composition. But it is more complicated in 
the case of nanoparticles size mixtures and in case of nanoparticles in complex media. 

Recent works in the lab shows it is possible to achieve precise measurement on mixture of 
spheric nanoparticles and nanoparticles in complex media (food additives) using different 
software or methodology approaches. 

 [1] Olivier Taché et al., « MOMAC: a SAXS/WAXS laboratory instrument dedicated to 
nanomaterials », Journal of Applied Crystallography 49, no 5 (1 octobre 2016): 1624?31, 
https://doi.org/10.1107/S1600576716012127. 
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A91704MX 

Aerosol sampling techniques using TEM grids 

XIANG Maiqi 1,2, MORGENEYER Martin 1, BRESSOT Christophe 2 
 
(1) University de technology de Compiegne, Compiegne, France; (2) INSTITUTE FOR 
INDUSTRIAL ENVIRONMENT AND RISKS (INERIS), Verneuil-en-Halatte, France  

Non-intentional nanoparticle (NP) may occur in aerosol production process. Occupational 
safety and environment protection associated with the nano-aerosol exposureare serious 
issues. Nano-aerosol measurement is a key point to characterize NP exposure. Transmission 
electron microscopy (TEM) is the only technique for gaining sizes distribution and individual 
particle analysis. However, observation with techniques allowing sampling on TEM grids is 
crucial to aerosol analysis. There is a need to develop sampling devices that will make possible 
aerosol speciation and quantification according to class sizes for efficient characterization. 
Make the measurements quantitative when sample aerosol and analyse particles on TEM grids 
using MPS developed by INERIS both through experiments and modelling is important. Assess 
the sampling efficiency and optimize the set up based on TEM analyses technique are the 
main work. 

Aerosol generators, mini particle sampler (MPS) and scanning mobility particle sizer (SMPS) 
are carried out to evaluate the sampling efficiency. In this way measurement and analysis can 
be carried out at real time. Three set up method plays an important role. NaClatomizer and 
WOx nano-aerosol generator are used to generate NP with diameter 10-130nm and 0.8-
30nm. For the TEM grid filtration, ñHoleyò type and ñQuantifoilò typecarbon films are fitted with 
a 400 ñmeshò copper grid then installed in the MPS. The overall collection efficiency of each 
gridand collection efficiency of the holey carbon filmare compared to get the best efficiency. By 
using MPS and TEM analysis, sampling is made directly and easily. The influence factors are 
taken into account. According to the experiment and the empirical approach, a theory model 
is developed to assess the sampling efficiency. Furthermore, the expose risk of the 
nanoparticles during the processing of the nanoparticles is evaluated using the Short Time 
Sampling (STS) approach. 
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A91743MM 

CHARACTERIZATION OF NANOMATERIALS IN CONSUMER 
PRODUCTS AND MEDICINAL SAMPLES. FROM ROUTINE ANALYSIS 

TO ADVANCED METHODOLOGIES 
 

MENTA Mathieu 1, DE LA CALLE Inmaculada 2, AUGER François 3, KLEIN Marlène 1, 
MARIGLIANO Lucile 1, SÉBY Fabienne 1 
 
(1) Technopole Helioparc Pau Pyrénées, 2 avenue Pierre Angot, Pau, France; (2) 
Universidad de Vigo, Departamento de Quimica Analytica y Alimentaria, Vigo, Spain; (3) 
Service Commun des Laboratoires, DGCCRF, DGDDI, Bordeaux, France  

Nanomaterials (NMs) are now part of our daily lives by their presence in many consumer 
products. In spite of the extended use of NPs in diverse consumer products, there is a great 
concern over the unexpected impact or effects on humans and on the environment. In this 
context, it has become necessary to assess and control the exposure of the population but 
also to inform consumers with increased transparency, traceability and regulation of NMs. 

To date, there is no regulation for the manufacture, handling, and marketing of NMs. However, 
specific EU regulations for food, cosmetics and biocides aim to ensure that the presence of 
NMs in the finished product is indicated on the label. Nowadays, no technique can 
simultaneously determine the main physicochemical properties of NMs. The complete study 
of consumer products relies on a set of complementary analytical techniques that are often 
time-consuming and complex to implement. As a result, it is necessary to develop routine 
analytical approaches in order to respond quickly to the expectations of industrials, control 
laboratories and consumers. Dynamic Light Scattering (DLS) and Single Particle Inductively 
Coupled Plasma Mass Spectrometer (SP-ICP-MS) were retained to determine the particle size 
characteristics (size, size distribution, polydispersity) and/or the chemical composition and the 
concentration of the metallic nanoparticles. For this purpose efforts were focused on the 
sample preparation methodology and the optimization of operating conditions. For the 
validation, results were compared with ones obtained with advanced analytical techniques 
such as the coupling of Asymetrical Flow Field Flow Fractionation with a particle size detector 
and an inductively coupled plasma mass spectrometer (A4F-MALLS-ICP- MS) or scanning 
electron microscopy (SEM).  

The second part of this work was focused on the development and validation of analytical 
methodologies for the characterization of polymer based nanopharmaceuticals according to 
GMPs (H2020 European Project NanoPilot). Various analytical techniques were employed 
such as DLS, A4F-UV-MALLS, Size Exclusion Chromatography ï UV-MALLS-RI to 
characterize raw materials and final products. In parallel, the same analytical methodologies 
were employed for the in-process control to evaluate the production yields and the 
encapsulation efficiency of formulations. 
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A91767LG 

Optimization of AF4-ICP-MS and Sp-ICP-MS methods for titanium 
dioxide nanoparticles characterization in food product 

GIVELET Lucas 1,2, JITARU Petru 2, TRUFFIER-BOUTRY Delphine 1, MOTELLIER Sylvie 1, 
DAMLENCOURT Jean-François 1, GUÉRIN Thierry 2 
(1) Université Grenoble Alpes, CEA, Laboratoire en Nanosécurité et Nanocaractérisation, 
Grenoble, France; (2) Université de Paris-Est, Anses, Laboratoire de Sécurité des Aliments, 
Maisons-Alfort, France  

Titanium dioxide (TiO2) is used as food additive (E171) in order to make products whiter and/or 
shiny. Since 2012, it has been demonstrated that TiO2 in E171 can be partially present under 
NanoParticle (NPs) form. Despite the regulation imposing the reporting of nanoparticles 
presence in foodstuff, it remains difficult for food analysis laboratories to accurately quantify 
the nanoparticle fraction in food products with common analytical approaches. 

This study focuses on the development of two complementary liquid methods for TiO2 NPs 
characterization in food, namely Asymmetric Flow-Field Flow Fractionation coupled with 
Inductive Coupled Plasma ï Mass Spectrometry (AF4-ICP-MS) and Single Particle approach 
(Sp-ICP-MS). 

The AF4-ICP-MS method consists in fractionating particles according to their size along a 
semi-permeable membrane in a separation channel. Although relatively simple in principle, 
electrostatic interactions of NPs with the membrane may have a great impact on the separation 
efficiency and recovery of the particles. In an attempt to evaluate the role of several parameters 
such as pH, ionic strength and chemical nature of eluent on these interactions and to optimize 
the analysis, the zeta potential of the particles and of the membrane were measured. From 
these results, relevant eluents were tested in AF4-ICP-MS analysis of TiO2 and showed that 
the ionic strength was a crucial parameter for the recovery of particles. 

Sp-ICP-MS approach for NPs characterisation is a recent and promising method that allows 
size measurement of particles without any upstream separation technique. In this study, the 
impact of spectral interferences on the different Ti isotopes was assessed. Next, the main 
parameters such as dwell time and chemical nature of the eluent were optimized. The 
optimised method based on Sp-ICP-MS was applied to the analysis of food products 
containing the E171 additive. 
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A91768AS  

NANOPARTICLE FORMATION AND EMISSIONS DURING LASER 
ABLATION OF CERAMIC TILES 

SALMATONIDIS Apostolos 1, VIANA Mar 1, PÉREZ Noemi 1, ALASTUEY Andres 1, 
SANFÉLIX Vicenta 2, MONFORT Eliseo 2, ANGUREL Luis Alberto 3, DE LA FUENTE German 
Francisco 3 
 
(1) Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, 
Spain; (2) Institute of Ceramic Technology (ITC), Universitat Jaume I, Castellon, Spain; (3) 
Aragón Materials Science Institute (Universidad de Zaragoza, CSIC), Zaragoza, Spain  

Pulsed laser ablation (PLA) is proposed as an alternative to conventional techniques for 
surface structuring and tile decoration in the ceramic industry, which is known to generate 
nanoparticle emissions. This study comprehensively describes the mechanisms controlling NP 
formation and release during PLA of different types of ceramic tiles (Figure 1), using different 
laser setups (near-IR and mid-IR). 

The measurements took place at laboratory- as well as at pilot-plant-scale, and the process 
parameters evaluated were laser wavelength, frequency, velocity, and pulse duration. In total, 
the combination of 4 types of ceramic tiles (conventional and advanced) and 2 lasers was 
assessed. NP characteristics measured were particle number concentration and size 
distribution (SMPS, DiSCmini and CPC), particle mass concentration (DustTrak-DRX), and NP 
morphology and chemical characterization (TEM/EDX). 

NP release in high concentrations was evident (3.5*104/cm3 - 2.5*106/cm3) from all of the 
materials tested and under both laser setups. The formation of NPs <10 nm by nucleation was 
confirmed. Amorphous SiO2 NPs (>10 nm) were formed and released during ablation of the 
porcelain tiles. The release of primary NPs (70-100 nm), linked to melting phenomena 
(droplets) was confirmed and found to contribute to the emissions in terms of particle number 
concentration. Different mechanisms were identified as NP sources during ablation of ceramic 
tiles: nucleation and melting with the near- and mid-IR lasers, and mechanical shockwaves 
only with the mid-IR laser. Finally, a link was observed between NP number concentration and 
ceramic tile surface properties. This work presents a synergistic approach bringing together 
nanoparticle and ceramic tile research to shed light on the mechanisms controlling 
unintentional NP generation during laser ablation. 
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