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Motivation …

… or
why do we need a definition at all ?
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Motivation
Some Examples

� Scientific Community …
… as a joint harmonized basis for scientific debate.

� Funding Agencies …
… to define the scope of their funding and to support an emerging and 

highly promising technology.

� Chemical Industry …
… to conduct adequate risk assessment and as the basis for specific 

risk communication, if required.

� General Population …
… has a right to know.

� Regulators …
… to explicitly adress regulation, if required.

� …
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Motivation
Facing Increasing Public Pressure and Political 
Activities towards Regulation of the Technology …

since 
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Motivation

Hypotheses:

� There is no single motivation, but various stakes.

� Public pressure and thus activities towards regulation is increasing. 



ISSA Symposium Nanotechnology 2010 7

Requirements of a Definition

What should be the purpose of a definition ?
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Requirements of a Definition …
… Depending on the Interest of the Stakeholder

Some Examples

� Scientific Community:
� scientific or at least science-based

� Chemical Industry:
� specific
� explicite
� non-stigmatizing

� General Population
� generally understandable
� precautionary (broad)

� Regulators:
� (sufficiently) broad
� enforceable and justiciable, if required

� …
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Identifying Nanomaterials …
… Highly Complex due to

the Diversity of their Structural Appearance

� … particulate solids consisting of nano-objects as 
well as their aggregates and agglomerates,

� … additives, for example embedded in composite 
materials or stabilized in dispersions,

� … nanoporous materials,

� … films with one dimension at the nanoscale,

� … macroscopic materials nanostructured at the 
surface,

� …

Nanomaterials can have very diverse structural 
features.

They may appear as …

SiO2

SiO2 sol

200 nm
cement

source: BASF SE



ISSA Symposium Nanotechnology 2010 10

Specific 
Definition 

A Definition is supposed to cover …
… Multiple Tiers of Complexity

Towards A Universal Definition ?

Stakes

Novel or Enhanced
Performance Properties

Structural Features

"Complexity Cube"

Universal 
Definition 
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Requirements of a Definition ...
… or better of a Convention

Hypotheses:

� The requirements of a definition/convention may be highly complex, 
if stakes, structural features and performance characteristics should 
be completely covered.
A universal definition/convention may not be helpful.

� Structural features, performance characteristics including elements 
supporting risk assessment are mixed in the discussion.
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Approaches towards a Definition
Nanomaterials, Nano-Objects and
Nanostructured Materials (2008)

Nano-ObjectsNano-Objects

� Nanoparticles

� Nanofibres

� Nanoplates

Definition of individual objects

ISO TS 26687ISO TS 26687

Nanostructured MaterialsNanostructured Materials

Definition of real materials

ISO PDTS 80004-4ISO PDTS 80004-4

NanomaterialsNanomaterials

ISO TS 80004-1ISO TS 80004-1

ISO TS 26687 Nanotechnologies -
Terminology and Definitions for Nano-Objects, 2008
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Individual CNTs are Nanofibres, …
... but their Agglomerates are

Nanostructured Materials

5µm
5000 : 1

500nm
50000 : 1

MWCNTs on a TEM grid
source: BASF SE
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Nanostructured Materials …
… describe an Ensemble of Objects (in Progress)

Nanostructured 
Powder

Nanostructured 
Powder

� Nanostructured 
Aggregates

� Nanostructured 
Agglomerates

Nanostructured MaterialsNanostructured Materials

ISO PDTS 80004-4ISO PDTS 80004-4

Nanostructured 
Core-Shell 

Particle

Nanostructured 
Core-Shell 

Particle
Nanostructured 

Composites

Nanostructured 
Composites

Nano-
dispersions

Nano-
dispersions

Nanoporous 
Materials

Nanoporous 
Materials

� Polymeric 
Nanocomposites

� Nanoalloys

� Nanostructured 
Onions

� Nanostructured 
Capsules

� Nanostructured 
Plates

� Nanosuspensions

� Nanoemulsions

� Nanofoams

ISO PDTS 80004-4 Nanotechnologies -
Terminology and Definitions for Nanostructured Materials, 2008
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Definitions used or proposed in Regulation
Qualitative Definitions, …
… how to implement them in Practice?

� Cosmetics Product Regulation (EC) 1223/2009 (in force)
� unsoluble; biopersistent; intentionally manufactured; external di-

mensions or internal structure on the nanoscale

� recast of the Regulation of Novel Foods amending (EC) 258/97 (in
progress)
� intentionally manufactured; external dimensions, internal structure 

or surface structure on the nanoscale; properties characteristic for 
the nanoscale 

� various national interim definitions
Australia, Canada, Denmark, UK and USA �i�i�i�i�i�i�i�i �i�i�i�i�i�i�i�i
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Approaches towards a Definition
Nanomaterials in Regulatory Context
VCI Definition Proposal (2010)

German Chemical Industry Association, VCI Position on the Definition of the Term Nanomaterial for 
Use in Regulations laying down Provisions on Substances, 2010

"Nanomaterials are defined as intentionally manufactured, solid,

particulate substances, either in powder form or as dispersions or

as aerosols, consisting of nano-objects and their aggergates and 

agglomerates

(i) which contain, when measured by standardized and recognized   

methods, at least 10 wt.-% of nano-objects,

(ii) or which have, when measured by appropriate methods, a 

volume specific surface area larger than 6 ´́́́ 1/100 nm.

Nano-objects are discrete particles with one, two or three external 

dimensions between approximately 1 nm and 100 nm."
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VCI Definition Proposal
Applied to OECD´s Toxicological Testing Program

Wendel Wohlleben, BASF SE, on the occasion of an ECETOC Satellite Meeting, Dresden, 2010

nanoclay

aggregate /
agglomerate size

[nm]

nano-objects
content
[wt.-%]

VSSA

[1/100 nm]

BET

[m2/g]

density

[g/cm3]

C60
SWCNTs

MWCNTs

nanoscale Ag

carbon black

nanoscale TiO2

nanoscale Al2O3

nanoscale CeO2

nanoscale ZnO

nanoscale SiO2

polystyerene

dendrimers

nanoscale Fe

< 1
1.000

10.0000

< 100

200
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150

200

100.000

1

not applicable

< 1

< 1
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< 10
< 10
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< 10

< 10
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not applicable

77
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10

46
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250

40

80
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17

200
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1,7
1,7

10,5

1,7

3,5

6,6

5,6

2,3

1,7

1,5
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(Uncoated) Nanoscale ZnO
Example (1/2)

200 nm

TEM
dry ZnO monolayer

0 200 400 600 800 1000
Diameter / nm

AUC
0,1 wt.-% ZnO in water

with and without surfactant
ultrasonication 30 s - 3min

source: BASF SE

� purity: > 99 %, white powder
� aggregate/agglomerate size: 200 nm

� BET surface 12 - 24 m2/g
� density 5,6 g/cm3



ISSA Symposium Nanotechnology 2010 19

(Uncoated) Nanoscale ZnO
Example (2/2)

� Volume specific surface area (VSSA):

10
0 

nm

surface/mass = 60 m2/g
if density=1 g/cm3 Remove density dependence:

surface/mass � surface/volume 

Remove density dependence:
surface/mass � surface/volume 

100 nm

6p · (100 nm)2

=
volume

surface

6

p
· (100 nm)3 

=

� VSSA = = BET · density
surface

volume
=

surface · density
mass

= 9,5 · 1/100 nm
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Cornerstones of a Definition
Regulatory Perspective:
SCENIHR Opinion (2010)

Scientific Committee on Emerging and Newly Identified Health Risks,
Scientific Basis for the Definition of the Term Nanomaterial, 2010

Possible Criteria for a Definition:

� Size

� Size Distribution
� mean/median diameter +/- 3 · standard deviation
� < 0,15 % below 100nm based on particle number concentration

� Volume Specific Surface Area
� for dry powders: > 60 m2/cm3

� limited to purposely-designed nanomaterials (engineered, manu-
factured, including processing)
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Scientific Committee on Emerging and Newly Identified Health Risks,
Scientific Basis for the Definition of the Term Nanomaterial, 2010

� Category 1: Median Size > 500nm
Considered as not being a nanomaterial.
� classical risk assessment

� Category 2: 100 nm < Median Size < 500 nm
Qualifies as nanomaterial, if
� > 0,15 % of the particle size distribution < 100 nm (based on 

total particle number) or
� volume specific surface area > 60 m2/cm3.
� nano-specific risk assessment

� Category 3: 1 nm < Median Size < 100 nm
Considered as being a nanomaterial according to the category 2
criteria.
� nano-specific risk assessment

Categorizing Particulates by Mean Diameter
SCENIHR Opinion (2010)
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Approaches towards a Definition
Similarity and Differences

scientific or
science-based

specific

broad

explicite

understandable

quantitative 
cut-off criteria

enforceable 
and justiciable

ISO Cosmetic 
Regulation

Novel Food 
Regulation

VCI 
Proposal

SCENIHR 
Opinions

yes

no

very broad

no

expert

no

no

yes

moderate

moderate

no

public

no

no

yes

moderate

moderate

no

public

no

no

yes

yes

moderate

yes

expert

yes

yes

academic

moderate

broad

yes

expert

yes

yes
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Approaches to a Definition

Hypotheses:

� The scope of the definitions vary considerably.

� Only those definitions utilizing quantitative qualifiers are explicite 
and thus enforceable.

� However, the quantitative qualifiers and the cut-off criteria are under 
controversial discussion.
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Metrology
Scope and Limitation

How to assess qualifiers of the definition?
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Metrology …
… Depending on the Matrix of the Analyte

Assessment of nanomaterial qualifiers in

� powders
� BET
� electronmicroscopy (REM, SEM, TEM,

XRD)
� laser diffraction

� dispersions
� (ultra)centrifugation
� dynamic light scattering
� laser diffraction
� accoustic spectrometry
� particle tracking

� aerosols (not relevant for product characterization)

source: BASF SE
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Metrology …
… Depending on the Dispersion Protocol

Example: Influence of the pH Value

0

5

10

15

20

25

1 10 100 1000 10000

N
u
m
b
er
 [
%
]

Size, dH [nm]

NM101; pH 3.1
NM101; pH 4.1
NM101; pH 5.3
NM101; pH 6.0#
NM101; pH 6.8
NM101; pH 8.3
NM101; pH 9.9

Keld Alstrup Jensen, National Research Center for the Working Environment, Denmark,
on the Occasion of the Conference Workplace Aerosols, KIT Karlsruhe, 2010

TiO2 (from OECD´s Toxicological Testing Program)
dispersed at different pH values in aqueous medium
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Metrology
Ensemble vs. Fractionating Methods

AUC     ...     X-Ray Centrifugation0,5 nm 100 µm

Kryo-TEM1 nm    10 nm   20 µm

10 nm     50 nm 1 µm      3 µmParticle Tracking

Fraunhofer Diffraction50 nm    100 nm 900 µm

SAXS/SANS5 nm 20 nm (200 nm)

AcoustoSizer40 nm 10 µm

2 nm     10 nm 1 µm      3 µmDynamic Light Scattering

1 nm 1 µm 1 mm

Ensembles

Fractions

Single 
Objects

Wendel Wohlleben, BASF SE, on the occasion of an ECETOC Satellite Meeting, Dresden, 2010
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Metrology
Scope and Limitation

Hypotheses:

� The availability of suitable analytical methodologies is limited.
Assessment of the nanoscale fraction is sophisticated and the 
validity of the data at low concentrations is limited.

� The unique methodology for assessing both, powders and liquids is 
not established. 
Only incremental analytical developments are to be expected in 
short-term.

� Intercomparability of analytical data will only be accomplished 
applying harmonized protocols.
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Conclusions (1/2)

1. There is no single motivation for a definition/convention, but diverse 
interest of the stakeholders.
The public pressure and the probablity of some regulation of the
emerging technology is increasing.

2. ISO standards should deliver a "definition framework" to guide regu-
latory considerations.

3. A universal, regulatory definition/convention may not be appropriate.

4. Structural features, performance characteristics including elements 
supporting risk assessment should be kept separate in the discussion.

5. Specific definitions/conventions covering certain application fields may 
better meet the requirements.
The requirements should be guided by the purpose of the definition.
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Conclusions (2/2)

6. Only definitions/conventions using quantitative qualifiers are explicite 
and thus enforceable/justiciable.

7. (International) consensus on the nature of the qualifiers and the 
values of the cut-off criteria has soon to be established.

8. The availability of suitable analytical methodologies is limited.
Only incremental analytical developments are to be expected in short-
term.
However, (international) consensus on the characterization methods 
has soon to be reached.
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