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Welcome to the 2nd NanoDefine news bulletin!

Much progress has been made by the NanoDefine project team since the 1st
Bulletin was published in February 2016! This 2nd Bulletin will highlight the
RIKILT Wageningen UR,
most recent results produced in the meantime and their practical potential for
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coordinator@nanodefine.eu end-users, such as material and instrument manufacturers, to meet the
analytical challenges triggered by the EC Recommendation for a nanodefinition (2011/696/EU). Accordingly, main objective of NanoDefine is to
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develop a new measurement strategy that can support practitioners in
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industries and regulatory bodies to reliably implement the EU nano-definition.
With this in mind, the project is addressing also the limitations of the
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developed methodology that are associated with the type and application of
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the materials to be classified.
To tackle the vast spectrum of complexity and diversity of existing and newly
emerging advanced materials, NanoDefine is establishing a novel tiered
Project
approach consisting of (1) rapid cost-effective screening methods that rather
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easily identify nanomaterials in substances or formulations, and of (2)
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confirmatory techniques that complement the screening methods and match
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materials with complex matrices, such as industrial or consumer products.
Rudolf Reuther
Although the EC definition of nanomaterial is solely based on determining the
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rudolf.reuther@nordmiljo.se number-based size distribution of the constituent particles of a material,
including agglomerates and aggregates, without relating to specific functional
or hazard properties, it may also serve as a reference across different
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regulatory sectors or product legislations. Accordingly, the tiered NanoDefine
28 Partners form a
approach and validated tools cannot only be used for material classification
consortium of European (“nano or not nano”) according to particle size, but may also provide reliable
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size-related data needed for hazard and risk assessment.
metrology institutes and
In particular the “NanoDefiner” e-Tool, a major outcome of the project, will
nanomaterials and
integrate and implement the 2-tiered approach and guide end-users to select
instrument
the most appropriate measurement method(s) to correctly decide if a material
manufacturers
or product is or contains nano, or not. By doing so, this tool will also help
relevant industries to comply with other legislations on possible risks, such as
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coordinator@nanodefine.eu REACH, or the biocides, food or cosmetics regulation.
Finally, the huge knowledgebase produced will shed new light on still critical
aspects of the EC definition, such as the plausibility of the number size
Further
distribution threshold of 50 % and its replacement by a threshold between 1
information
and 50 % for complex and environmentally relevant materials, or the fact that
www.nanodefine.eu
implementing the EC definition would include all conventional particulate
materials < 100 nm, including pigments, additives or fillers, to be classified.
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under grant agreement No 604347
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Selection of test materials
The selection of test materials for the NanoDefine project coordinated by our industrial partner
BASF was done to guarantee the largest possible impact and relevance. A matrix of substances and
consumer products was selected to cover different shapes, material systems, chemical
compositions, physical properties as well as sizes (see Figure 1). Furthermore, the selection was
optimized to cover all relevant industries like food, pharma, cosmetics, pigments, fillers, polymers
etc. This approach allows to validate NanoDefine products like the NanoDefiner e-tool (see page 9)
or the ParticleSizer (see page 5) with real-world challenges. Work on sample dispersion protocols
optimized for the matrix of test substances already covers a huge set of relevant materials,
providing a basis which can be adopted to new materials.
Test materials were distributed at the beginning of the project. Analysis of homogeneity and
stability was completed in early 2017. All substances were found to be homogeneous and stable
and will be available after the end of the NanoDefine project. This is also true for most products.
The shelf life of some cosmetics might only be sufficient for use during the project.

kaolin
clay

BaSO4
CaCO3

Figure 1: Substances and products selected as test materials to cover a braod range of different
shapes, compositions, particle sizes and physicochemical properties
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Dispersion of powders
The issue of dispersion is widely recognized as a crucial factor and particularly important when
determining the size of nanoparticles, of which many occur as dried powders. These powders must
be first converted into stable liquid dispersions before any size measurement, why the developed
dispersion procedures must be efficient and reproducible, and yield a size distribution as close as
possible to the true distribution of the primary particles. Probe sonicators are considered today as
the most common equipment used in research laboratories for nanoparticle dispersion. However,
the acoustic energies and effective de-agglomeration effects produced by different brands of probe
sonicators, and even by the same brands and models, are often hardly comparable. Other small
differences such as different operators, water qualities, operation temperatures etc. may also affect
final results. The work on sample preparation coordinated by the Denmark Technical University
(DTU) included a calorimetric method for initial calibration of the delivered acoustic energy by
adjusting the probe-sonicator amplitude with a subsequent procedure for calibrating the effective
level and quality of the dispersions in its SOPs. It could be shown showed that no generic dispersion
protocol for nanomaterials is possible and that optimization for each type of nanomaterial is
required.
The deposition of nanomaterials is another key step in obtaining reliable and statistically relevant
particle size distribution results, when using electron microscopy. For nanomaterials dispersible in
liquids, drop deposition and centrifugation proved to be the most common deposition methods.
Also, the applicability of electrospray ionisation (ESI), a novel method for EM sample preparation,
was successfully explored by NanoDefine.
When analysing nanomaterials in products, it could be shown that proper sample preparation is
highly specific for the type of nanomaterial and matrix. The complexity of this issue was
demonstrated for sunscreen, toothpaste and a pancake mix, which indicated that more work will
be required on this subject in the future.
For more information:
http://www.nanodefine.eu/publications/reports/NanoDefine_TechnicalReport_D2.3.pdf

Evaluation of current measurement techniques
To assess the capability of current techniques for particle size determination to reliably classify
materials that may fall under the EC definition, NanoDefine partners tested a wide variety of
characterisation techniques, including counting, fractionating, and spectroscopic techniques, by
using the same set of materials under harmonised conditions. This work was coordinated by BAM
and the materials selected consisted of well-defined quality control materials (spherical,
monodisperse) as well as industrial materials of complex shapes and considerable polydispersity.
The results showed that the implementation of the EC recommendation for a definition of
nanomaterial (NM) in industry and legal institutions is a tremendous analytical challenge! Evaluating
the performance of measurement techniques on both quality control materials (QCMs) and on realworld particulate materials showed that no single measurement technique can be recommended for
guidance.
For more information see: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908171/.
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The NanoDefine 2-tiered approach
NanoDefine developed and applied a 2-tiered approach that combines different techniques and
employs the available knowledge on material physicochemical characteristics. This tiered approach
includes screening techniques (tier 1 powder and tier 1 suspension) as well as confirmatory
techniques (tier 2 imaging).

TIER 1: SCREENING METHODS
The studies coordinated by the Technical University of Dresden (TUD) showed that techniques, such
as analytical centrifugation (AC) and analytical ultracentrifugation (AUC), single particle ICP-MS,
electric mobility spectroscopy, particle tracking analysis, refined DLS (new) and MiniTEM (new),
proved to be the most promising screening (tier 1) methods. In particular, tests on DLS and MiniTEM
have been carried out by project partners TUD and BASF. The obtained results show that there is
some scope for improving the quality of the DLS autocorrelation function by refining the established
SOP of the method itself without additional instrument improvement. The impact of filtering and
keeping a delay time between sample preparation and measurement on received results was also
tested for 4 non-nano procured test materials (see Figure 2). Results from the MiniTEM show that
the deep integration of automated imaging and image evaluation allows the possibility to validate
the full analysis chain (apart from sample preparation) as one analytical technique.

Figure 2: Results of DLS measurements of IRMM-385 (left) and comparison of the no.-based particle size
distribution with results from AUC, SEM and TEM taken from Babick et al. 2016 (right)

Since summer 2016, NanoDefine partners collaborating in work package 4 (WP4) have been
validating key methods, including cuvette-type AC, disc-type AC, AUC, spICP-MS, according to
international standards (ISO 5725:1194) and the default approach developed in WP6 (see “Decision
support scheme” on page 9 below). Suspensions taken of selected and representative NanoDefine
test materials were prepared in accordance to developed harmonized protocols and defined volume
specific energy input. Participating partner laboratories compared results of independently prepared
daily triplicates of five days of different materials and performed data analysis in terms of ANOVA
principle (see Figure 3).
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The NanoDefine 2-tiered approach

Figure 3: Scheme of the validation procedure (p=5)

The AC methods were validated with two grades of BaSO4 powders in the nano and non-nano
particle size range. Experimental results show that the selected illumination wavelengths had only
little impact on the number-weighted median diameter x50,0, but affected the intermediate precision
of these values. The accuracy of the method is mainly determined by sample preparation up to 13 %
with respect to the diameter x50,0. First results will be published soon.
More information available from Babick et al. 2016 and at:
http://www.nanodefine.eu/publications/reports/NanoDefine_TechnicalReport_D4.6.pdf

TIER 2: CONFIRMATORY METHODS
Where screening methods do not work anymore, because the materials to be analysed and
classified are too complex, confirmatory (tier 2) methods have been developed in WP5 and the
necessary work coordinated by the University of Vienna (UNIVIE). These more in-depth and
complimentary approaches can help to classify difficult real-world samples, such as industrial
materials having different shapes and wide size distributions, non-dispersible powders, or complex
products and environment matrices, with characteristics outside the applicability of rapid screening
methods as developed in WP4. To reach this goal, main focus of the work in WP5 was to:
1. develop a fully automated program within a Digital Micrograph environment to acquire
multiple images on user-specified or random areas, using TEM and STEM
2. develop methods for complex materials, such as products (e.g. sunscreen) based on particle
separation (FFF) and conventional multi-detection techniques,
3. develop methods for particle separation (FFF) coupled to true particle counting techniques
(e.g. spICPMS), and
4. develop a complete platform for a cost-efficient Flow-FFF instrument and software.
A fully automated program within a Digital Micrograph environment to acquire multiple images on
user specified or random areas using TEM and STEM was developed (see Figure 4). These images
could be used in on-line number based size distribution analysis, which is done simultaneously with
a NanoDefine ParticleSizer program written in ImageJ environment. The ParticleSizer filters the
images, segmentates the particles and does the size distribution analysis, e.g. based on minimum
Feret diameter.
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The NanoDefine 2-tiered approach
Additionally, these segmented bitmap images can be used to acquire EDS on individual particles in
STEM mode using beam control. Using automated software, it would be possible to do, e.g.,
overnight experiments to achieve good statistics for an accurate size distribution. Digital Micrograph
will serve as a developing platform, and later the program will be extended to cover most
microscope vendors.

Figure 4: GUI of auto-EM toolbox

Standard operating procedures (SOPs) for the determination of the median diameter of the massbased particle size distribution of titanium dioxide (TiO2) particles in sunscreen (see Figure 5) and
aluminum oxide (Al2O3) particles in toothpaste, respectively, by asymmetric flow field-flow
fractionation (AF4) coupled to multi angle light scattering (MALS) and inductively coupled plasmamass spectrometry (ICP-MS) were developed. To implement the EU Nano-Definition, where
materials are classified as nanomaterials based on number-based particle size distributions, the
mass-based size distribution, which is derived from AF4-ICPMS analysis has to be converted into a
number-based size distribution. However, conversion is limited due to the large errors introduced by
noise, spikes, and an uncertain measuring bias in the range of lower values of the hydrodynamic
radius. To eliminate these errors, discrimination of void peak from the main peak by explicit
mathematical formulas was applied enabling the blind source separation of the raw mass data into
an error part and a pure mass distribution. Consequently, mass-based size distribution was
converted into a number-based size distribution (Figure 5).
In addition, in house validation of the developed SOP for titanium dioxide (TiO2) particles in
sunscreen was finalized.

NanoDefine Bulletin

No.2 | May-June 2017

6

The NanoDefine 2-tiered approach

Figure 5: TiO2 mass- and number-based PSD of sunscreen containing TiO2 reference material (NM104) by
using the established SOP. LS-signal is referred to MALS data for a detector angle of 90°.

The development of a more cost-effective FFF solution was split into a hardware and software part.
On the hardware side the most desirable solution with significantly optimized technical
characteristics at lower prices and substantially reduced service costs was achieved. The connective
centerpiece between hardware and software is the new data acquisition software VOYAGER CDS®
(see Figure 6). VOYAGER CDS® as pure data acquisition software works seamlessly together with the
new data processing solution SCOUT DPS®. This program guides the customer through all steps of
method development by its easy-to-use interface, chromatogram prediction in real time and saving
of the optimized method, ready to be instantly executed by the hardware. Aside of all the
improvement, a full hydrodynamic radius distribution analysis into SCOUT DPS® was implemented.

Figure 6: Screenshot of VOYAGER CDS® controlling an HPLC with pump, autosampler, uv-detector, Eclipse FFF
and thermostated cabinet, a hardware and software part of new cost effective FFF

Establishing and interface for coupling FFF to spICPMS is still under assessment.
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Method validation
Validation of methods is an important task of the whole method development work in
NanoDefine to support the validation of established methods with the aim to check if these
methods are fit for purpose to serve as future methods for standardisation. Based on a guideline
previously developed in WP6 on in-house validation, Standard Operation Procedures (SOPs) for
various methods have been developed. These protocols include the sample preparation steps with
dispersion of samples and are tailor-made for specific test samples (reference materials) selected by
the NanoDefine project.
Based on these SOPs, the laboratories in charge of the in-house validations prepared detailed
validation plans which were reviewed like all other documents by WP6 leader JRC (Geel, Belgium) to
ensure a common and harmonised approach. All envisaged validation parameters were defined in
the validation plan and the respective experimental approach described in the document, together
with appropriate acceptance criteria.
After the successful experiments were concluded, the laboratories drafted comprehensive validation
reports. All addressed data for the respective validation parameters were discussed in the report
and reviewed by the work package leader. The reports include a discussion of the respective
measurement uncertainties associated with the validation results. As no certified reference
materials or reference methods were available, in most cases the parameter 'trueness' could not be
addressed in these cases. In some cases, spiking experiments were used as a proxy for this
parameter. For all validated methods, the quantitative performance was mainly based on the
precision of the method (composed of within-day repeatability and day-to-day precision). In many
cases, a large source of variation can be attributed to the sample preparation step. After the final
drafts of the validation reports were finished, the respective SOPs were updated to accommodate
any changes due to the validation results. Covered materials are barium sulphate in a nano and nonnano form, TiO2 particles in sunscreen, and Al2O3 in toothpaste.
The following four methods have been selected as candidates for the interlaboratory validation that
should determine the parameter reproducibility: single-particle ICPMS, the ParticleSizer software
tool for the automatic quantification of EM images, AF4-MALS-ICPMS, and three types of CLS
instruments (cuvette-analytical centrifuge with optical detection, line-start disc centrifuge with
optical detection, or analytical centrifuge with refractive index detection). In the next step, the
interlaboratory exercises are being arranged for these methods.
As an important liaison to obtain the participation of many external expert laboratories to join the
interlaboratory studies, a project was proposed to the Technical Working Area 34 (Nanoparticle
Populations) of VAMAS, the Versailles project on Advanced Materials and Standards. Ultimately, the
project proposal was approved and a common call for participation was launched
(http://www.vamas.org/twa34/documents/2017_vamas_twa34_p9_nanomaterial_definition.pdf).
At the moment (June 2017), expressions of interest are being collected and the practical exercises
are envisaged for summer 2017.
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Guidance for implementing the EU Nano-Definition
THE NANODEFINER ETOOL
The NanoDefiner eTool is one of the central outcomes of the project and the necessary work was
coordinated by JRC (Ispra/Italy) with the University of Technology Dortmund, in collaboration with
BASF and other project partners. This tool implements the 2-tiered approach in an integrative way
by means of an elaborated decision support flow scheme (see below) to guide users to find out
whether a material is a nanomaterial according to the EC's definition. Later, when the nanomaterial
definition is implemented in existing Regulations, it will help users also to comply with them, and to
find out whether nano-specific regulative provisions apply. Due to the flexibility of the eTool
configuration, it is also applicable to nanomaterial definitions based on the EC recommendation, but
with sector-specific provisions. An open beta version of the NanoDefiner eTool will be available online later in 2017 (see Figure 7). Users will be invited to test the beta version and to provide
feedback, which will be used to prepare the final public version.

Figure 7: Screenshot of the NanoDefiner eTool

The NanoDefiner eTool includes the following components:
•

Evaluated and guided workflow: An expert-evaluated and guided workflow leads the user through i)
dossier creation, ii) particulate component description, iii) method conduction, iv) analysis data import
and v) dossier report generation.

•

Dossier: All information relating to each individual material classification process is collected in a
dossier which concludes in a purpose-specific report (e.g. for REACH registration) for submission to a
responsible authority.

•

Method-driven material classification system: The particulate components of the material to be
classified can be described using an extensive set of attributes. During material definition, live feedback
on the suitability of configured measurement techniques (MTs) is provided, including general and
technique-specific particulate component description uncertainty and detailed explanations on how the
decision on suitability of the method has been reached.
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Guidance for implementing the EU Nano-Definition
•

Knowledge base: Recommendations for MTs are made based on an expert knowledge base
which comprises performance profiles of MTs and test materials which can be used as
templates.

•

Methods: The user is provided with detailed information on the suitability of the MT for the
particulate components, including warnings about unknown particulate component attributes
which could influence the reliability of MT analysis results. Experimental data (e.g. size
distribution data exported from the ParticleSizer developed in WP5 or a Volume-Specific
Surface Area (VSSA) value) can be uploaded and are used to determine a (non-)nano decision
for each method.

•

Reports: Reports can be generated combining all relevant dossier information, including the
material characteristics and suitability of the used technique, results and uncertainty
information. Depending on the dossier purpose, different report templates can be used based
on specific regulatory requirements.

•

Explanation of recommendations: Throughout the dossier creation process, detailed
explanations on the MT recommendation process are provided (e.g. during material or method
description), giving the user insight into which specific material attributes led to the MT
recommendation result.

•

User management: Each user has a profile containing a basic set of personal information for
inclusion in the report. Lab settings allow managing availability, cost, and duration of
measurement techniques (MTs), which are taken into account during MT recommendation.

•

Feedback channel: For the beta version, users can provide feedback using a simple form within
the NanoDefiner e-tool to ease the process of communicating improvement suggestions to the
development team.

THE DECISION SUPPORT SCHEME DEVELOPED FOR POWDER SAMPLES
A decision support flow scheme has been fully developed, taking the expertise developed in the
project duly into account. This tool is guiding the user through the process of deciding whether a
material is a nanomaterial. Depending on the available information, a decision can be made during
(i) basic classification, (ii) tier 1 assessment or after (iii) tier 2 assessment, with increasing degree of
experimental effort. Figure 8 below shows part of the decision flow scheme for powder samples,
which involves BET analysis and decision-making based on additional information on the shape of
the particles.
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Guidance for implementing the EU Nano-Definition

Figure 8: Part of the decision flow scheme for powder samples

NanoDefine Publications
▪ Johannes Mielke, Pavla Dohányosová, Philipp Müller, Silvia López-Vidal and Vasile-Dan
Hodoroaba. 2017. Evaluation of Electrospray as a Sample Preparation Tool for Electron
Microscopic Investigations: Toward Quantitative Evaluation of Nanoparticles. Microscopy and
Microanalysis,23 (1), 163-172. DOI:10.1017/S1431927616012587
▪ W Wohlleben et al. 2017. Reliable Nanomaterial Classification of Powders Using the VolumeSpecific Surface Area Method. J Nanopart Res 19 (2), 61. DOI:10.1007/s11051-017-3741-x
▪ Johannes Mielke, Pavla Dohányosová, Silvia López and Vasile-Dan Hodoroaba. 2016. Electrospray
Deposition of Nanoparticles on TEM Grids. Microsc. Microanal. 22 (Suppl 3), 2016, © Microscopy
Society of America 2016. DOI:10.1017/S1431927616010072
▪ Frank Babick and Christian Ullmann, 2016. Error propagation at the conversion of particle size
distributions. Powder Technology, Volume 301, November 2016, Pages 503–510
▪ DOI.org/10.1016/j.powtec.2016.06.039
▪ F Babick et al. 2016. How Reliably Can a Material Be Classified as a Nanomaterial? Available
Particle-Sizing Techniques at Work. J Nanopart Res 18, 158. DOI: 10.1007/s11051-016-3461-7
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Important upcoming events
Second open meeting: European Conference on standardization for
nanotechnologies and nanomaterials, 20 June 2017 in Malta
This meeting is organized by CEN/TC 352 “Nanotechnologies” in collaboration with CEN CENELEC
Management Centre (CCMC) and the European Commission (EC). It will be held immediately the
day before the EuroNanoForum 2017 conference in Malta, which takes place on June 21st/23rd,
2017.
This event is open to everyone who registers in advance, and participation and lunch are free of
charge.
Further information and online registration →

The “NanoDefine Summer School”
21-23 June 2017, RIKILT, Wageningen, The Netherlands
Concept: Development of an integrated approach based on validated and standardized methods to
support the implementation of the EC recommendation of the for a definition of nanomaterial. The
major outcome of the project is the establishment of an integrated tiered approach based on
validated rapid screening methods (tier 1) and validated confirmatory methods (tier 2). With the
developed NanoDefiner eTool and user manual, end-users will be guided to implement the
developed methodology.
Scope: The Summer School will provide (i) training on the tiered approach and NanoDefine’s eTool
(developed by NanoDefine) for classification of nanomaterials, (ii) practical experience and use of
the NanoDefiner eTool, from handling of raw data, such as EM pictures or sp-ICPMS output, to
implementation into the NanoDefiner, and processing of sp-ICPMS data, (iii) practical training on spICPMS and Electronic Microscopy (EM).
What Should be Expected from the Summer School?
After attending the Summer School, participants will understand the concept of the NanoDefiner
eTool, in connection with methods of analysis, such as spICPMS and Electron Microscopy, used.
Workshop Organiser and Contact Information
RIKILT Wageningen University & Research
P.O. Box 230, 6700 AE Wageningen, The Netherlands
Contact: wim.beek@wur.nl. More information available at: www.nanodefine.eu
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Important upcoming events
The NanoDefine Final Outreach Event
Classification of Materials according to the EU Nano-Definition
19-20 September 2017 - Leopold Hotel - Brussels
Join the 2-days Final NanoDefine Outreach Event on “Classification of Materials according to the EU
Nano-Definition” on the 19-20 September 2017 at “Leopold” Hotel in Brussels (Rue du Luxembourg
35, 1050 Bruxelles) (http://www.hotel-leopold.be). This final meeting will give you a unique
opportunity to learn more about the outcome of the NanoDefine project and possible practical
implications, and how to meet future regulatory needs associated with the practical implementation
of the EU recommendation on the Definition of Nanomaterial (2011/696/EU).
Please save this date and pre-register for free as early as possible (places are limited so first come
first served) by sending an email with your name, address and affiliation to: events@nanodefine.eu.
Feel free to contact us if you have any questions and please distribute this invitation to other
colleagues that may be interested.
Invitation and Preliminary Program →

Invitation to the NanoDefine Technology Transfer Workshop
24 October 2017, Frankfurt/Main, Germany
The European FP7 NanoDefine project is organizing again an industry-focused Workshop on 24 October 2017
at “DECHEMA” in Frankfurt/Main. Main purpose of this technology transfer event is to demonstrate the
newly developed particle size-related measurement tools and their practical applicability to industrial endusers, who have to classify manufactured materials, formulations or products according to the EC definition
of a nanomaterial (2011/696/EU).
We invite you to this one-day event to meet our experts, to share experiences, learn from each other and to
find answers to the following questions:
▪
▪
▪

How to match the analytical challenge caused by the EU Nano-Definition?
How to handle the wide diversity and complexity of commercially relevant products and materials that
have to be classified according to this definition?
How to meet the needs of industry for quick and unambiguous measurement tools?

The workshop will be organized into 4 sessions: 2 morning sessions broadly introducing into the background,
concept and practical achievements of the NanoDefine project, and 2 afternoon sessions with practical
demonstrations of the individual techniques and tools developed and with practical hands-on discussions
between project experts and workshop participants.

REGISTER and SAVE THE DATE! Registration is free of charge and can be done by sending an email to
events@nanodefine.eu. As places are limited, registrations will be accepted according to “first come, first
served”. More information at: www.nanodefine.eu.

NanoDefine Bulletin

No.2 | May-June 2017

13

NanoDefine Project Partners
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