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regulatory nanomaterial definitions

Kirsten Rasmussen, Juan Riego Sintes & Hubert Rauscher [# Check for updates.

The legal definition of ananomaterial differs
around the world, meaning that the same
material may be classified as a nanomaterial,
ornot, depending onthe country whereitis
classified. The first steps towards converging
onaninternational definition are to recognize
the differences between existing nanomaterial
definitions and to agree on particle counting
methods. Meanwhile, we propose anaming
convention that indicates the key criteria of a
specific definition of ananomaterial.

From a regulatory point of view, nanomaterlals are generally con-
sidered to be materials with features between 1 and 100 nano-
metres. These materials have been assoclated with possible

The OECD agreed on a size-based working definition of a nano-
materialto beused for the sole purpaose of Its Working Party on Manu-
factured Nanomaterlals (WPMN) In order to progress disousskons of
regulatory needs and to develop methodole t for nanc-
technologles. The OECD published 2 Counctl Rec * that
concludes that the rr:mamemenl of the possible risks of nanomaterlals
Iscovered by existing hemical

hese developments I\elped legislators globally to deflne the
term ‘nanomaterial’ clearly for each country’s chemicals legislation.
However, it hi global cor
tonsaf laP*. Additionally, th approaches
towhat makesa defimition ‘legal, how something should be‘regulated'
and whether regulatory needs add ressed by, ce
o st Instead of Morecver, different
Jurtsdictions apply different underlying conceptual principles for the
safety assessment and management of chemicals. This leads to con-
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Inchede 3 quantifiable threshold of the fraction of particles that must

not, depending on the definition used. whether amaterial is regarded
asananomaterlalor not In alegal context may Impact, for example,
the data requirements.
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Im the various jurtsdictions, how to achleve a global definition, and
propose a way forward, In u\lsCommem we pruﬂde an overview
of whether and how nanc Fing described in the
chamicals leglslation or guldance In the Organisation for Econamic
Co-operationand Development (OECD) member countries, the Euro-
{EUand other onomles.

e definitl laksare conskdered to
by We International convergencecould
beachleved. Finally, we propose a generalized naming conventlon that
«can be applied to any specific definition of nanomaterial.

that provide the information required by EU legislation to identify
nanomaterials. Electron microscopy allows particles to be identified
and counted. Partiches can be on thelr own or may be constltuents In
aggregates (consksting of strongly bound constituent particles) and
agglomerates: by onstituent particles and/
oraggregates). It fur lows th 14l lons {‘size’)
of Irregularly shaped particles’ to be measured and the size distribu-
tlontobeevaluated.

However, even starting from the same electron micrograph,
the resulting number of particles and size distribution can change
spectacularly depending on how the particles zre counted”. Figure 1
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partiches according to different definitions of a nanomaterizl. This 1s

& key reason for differences In classification as 3 nanomatertal In dif-
ferent legal contexts.
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definizionand arenat listed In Table 1: South Africa, Thatland and China.
Other countries, suchas Argentina, Brazil, Chile and Colombia, do not
currently defl In elther thelr chemic:

orguldance.
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https://www.nature.com/nnano

B. Giese, et al, Advanced Materials: Overview of the

Field and Screening Criteria for Relevance
Assessment, Umweltbundesamt, 2020

See also:

Advanced Materials journal & AMI2030 manifesto -> v/

Are Nanomaterials Advanced Materials?

From the OECD working description of advanced materials

[...] AdMa are understood as materials that are rationally designed to have

* new or enhanced properties, and/or
« targeted or enhanced structural features

&) OECD

Organisation for Economic Co-operation and Development

ENV/CBC/MONO(2022)29

with the objective to achieve specific or improved functional performance. This includes both new emerging manufactured materials,
and materials that are manufactured from traditional materials. This also includes materials from innovative manufacturing processes
that enable the creation of targeted structures from starting materials, such as bottom-up approaches. It is acknowledged that what

are currently considered AdMa will change with time [...]

Advanced materials:

Overview of the field
and screening criteria
for relevance

assessment

{ es. hybrid

Advanced
Alloys
eg., Intermetallic,

X . shape memory
e.g., acoustic, 4
electromagnetic

Composites

~ J/ Advanced
Polymers
e.g.,electro-active,
self-repairing

Biopolymers

e.g.,DNA-based,
sugar-based,
lipid-based

~ Advanced
\ Materials

materials,
%\, macroscopic

Porous
Materials
e.g.,microporous,
mesoporous,
Macroporous,

Advanced
Fibres

e.g., silica, carbon
nanotube

Particulate
sy Systems
E.g.,quantum dot
, nanoflowers,
graphene

incl nanomaterials

291

‘Z ‘e20Z “APY :'19S "UOIIAUT ‘prezey Jiay) Buissasse pue
8y} pue ,S[ELIS}eW POOUBAPY, “'[e 18 ‘UNIUOIA 'Y 'd

A121x01(093) J19y1 Bunsay Joy uoziioy ayl uo sabusjeyo

European
Commission



Global nanomaterial definitions - parameters

Globally, nanomaterials are described by

Size range: 1 nm to 100 nm (mostly)

Particle type: Manufactured, Incidental, Naturally occurring, N/A
Metric used: Particle number, Weight, N/A

Threshold: Number-based %, Weight-based %, Not specified

Additional aspect: Must have at least one unique and novel property

European
Commission



Challenges: size and how to measure it?

Feret., Largest internal

sphere « External dimensions can be represented in various ways, e.g. by the
Feret diameter.

* The external dimensions of particles with irregular shape can be
assessed by the minimum Feret diameter and/or the maximum
inscribed circle diameter.
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Figure: TEM micrograph of titanium dioxide nanorods with simplified
representation of different particle size measurands, and corresponding number
size distributions for x.. (green), X, (blue) and ECD (red) (TEM image, Joint
Research Centre, © European Commission).
Rauscher et al., An overview of concepts and terms used in the European Commission’s definition of nanomaterial, doi:10.2760/459136
European |

Rauscher et al., Identification of nanomaterials through measurements, doi:10. 2760/7644, JRC118158. 2 Commission
Rauscher et al., Guidance on the implementation of the Commission Recommendation 2022/C 229/01 on the definition of nanomaterial, d0| 10.2760/143118




Individual particles, agglomerates, aggregates
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JRC SCIENCE FOR POLICY REPORT

Guidance on the implementation of the
Commission Recommendation 2022/C 229/01
on the definition of nanomaterial

JRC 132102

“...consisting of solid particles that are
present, either on their own or as
identifiable constituent particles in
aggregates or agglomerates...” (EC
Recommendation 2022)
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Challenges: counting agglomerates and aggregates

Zero particles One particle Seven particles

Rasmussen, Riego, Rauscher, Nature Nanotechnology volume 19, pages132-138 (2024
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https://www.nature.com/nnano

Challenges: Which particles to count

Individual, isolated
particles

\\6))@ aggregate aggregate

aggregate @ aggregate
Q@ Q ? Q@ ‘5% ?
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Counting rule 1 Counting rule 2 Counting rule 3 Counting rule 4
only individual / non-touching individual particles, Individual particles, Individual particles
particles are counted: aggregates and agglomerates aggregates, and and constituent particles
10 particles are counted as one particle: constituent particles in agglomerates and in aggregates
13 particles in agglomerates are counted as one particle
are counted as one particle: 27 particles
Q 80 nm O 120 nm 21 particles

Bresch, Hodoroaba, Schmidt, Rasmussen, Rauscher,
Nanomaterials 12 (2022) 2238, https://doi.org/10.3390/nan012132238
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https://doi.org/10.3390/nano12132238

Global definitions - parameters

Globally, nanomaterials are described by
Size range: 1 nm to 100 nm (mostly)

Particle type: Manufactured, Incidental, Naturally occurring, N/A

Metric used: Particle number, Weight, N/A

Threshold: Number-based %, Weight-based %, Not specified
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Definitions, examples

US-EPA nanomaterial rule (TSCA)*

Chemical substances, [...] that are solids at 25 °C and
standard atmospheric pressure; that are manufactured
or processed in a form where any patrticles, including
aggregates and agglomerates, are in the size range of
1-100 nanometers (nm) in at least one dimension; and
that are manufactured or processed to exhibit one or
more uniqgue and novel properties.

This rule does not apply to chemical substances
manufactured or processed in forms that contain less
than 1% by weight of any particles, including
aggregates and agglomerates, in the size range of 1—
100 nm. These parameters are for purposes of
identifying chemical substances that are subject to the
rule and do not establish a definition of nanoscale
material.

Unique and novel properties are defined [...]

*TSCA reporting and recordkeeping requirements (82 FR 22088)

*EC recommendation (2022/C 229/01)

EC nanomaterial definition (2022)**

'Nanomateriall means a natural, incidental or
manufactured material consisting of solid particles that
are present, either on their own or as identifiable
constituent particles in aggregates or agglomerates,
and where 50 % or more of these particles in the
number size distribution fulfil at least one of the
following conditions:

(@) one or more external dimensions of the particle
are in the size range 1 nm to 100 nm;

(b) the particle has an elongated shape, such as a
rod, fibre or tube, where two external dimensions are
smaller than 1 nm and the other dimension is larger
than 100 nm;

(c) the particle has a plate-like shape, where one
external dimension is smaller than 1 nm and the other
dimensions are larger than 100 nm.

European

Commission



Examples of nanomaterial “definitions” from the USA and EU

Geographical Agglomerates and
area aggregates
USA

Both agglomerates and

Toxic Substances ggqgregates are counted as one
Control Act particle

(TSCA)

USA

Administration

The constituent particles of

EU agglomerates and aggregates
Recommendation are each counted as one
particle

see also Nature Nanotechnology volume 19, pages132-138 (2024)

Comments

Metrics: weight
Threshold: 1% (1-100 nm)

Particle type: manufactured; must have at least one unique and novel

property
Metrics: not applicable

Threshold: not specified

Particle type: manufactured; is engineered to exhibit properties or
phenomena, including physical or chemical properties or biological
effects, that are attributable to its dimension(s), even if these dimensions
fall outside the nanoscale range, up to one micrometer (1 000 nm)

Metrics: particle number
Threshold: 50% (1-100 nm)

Particle type: manufactured / incidental / naturally occurring

European
Commission



https://www.nature.com/nnano

Implementing regulatory nanomaterial definition(s):

)y OECD
OECD Guidelines: PSD (1 nm - 1000 nm), VSSA (nhano) W”

BETTER POLICIES FOR BETTER LIVES

1) OECD Test Guideline 125: Nanomaterial Particle Size and Size Distribution of Nanomaterials
2) OECD Test Guideline 124: Determination of the Volume Specific Surface Area of

Manufactured Nanomaterials [relevant for EU definition]

[“However, a material with a specific surface area by volume of < 6 m?/cm?3 shall not be considered a nanomaterial.”]

—_!—L-%m

JRC SCIENCE FOR POLICY REPORT i
JRC SCIENCE FOR POLICY REPORT JRC SCIENCE FOR POLICY REPORT !
JRC Guidance TraangiRng
- Guidance on the implementation of the ;
pspalimie Sl el e Commssion Recommendaton 2022/C 22901 \ Methods, Manuak
: 3 # ) 8 2 ;
> I e rm S defirtion of nanomaterial et o e

> Methods
> Methods Manual

LRSS

Rauscher et al., An overview of concepts and terms used in the European Commission’s definition of nanomaterial, doi:10.2760/459136
Rauscher et al., Identification of nanomaterials through measurements, doi:10.2760/7644, JRC118158.

Rauscher et;al., Guidance on the implementation of the Commission Recommendation 2022/C 229/01 on the definition of nanomaterial, doi: 10.2760/143118
Mech et al., The NanoDefine Methods Manual, doi: 10.2760/79490



Advanced (Nano)Materials should be
“Safe and Sustainable by Design”

Conclusions of the Council of the European Union, 11 October 2024 Framework*

Innovators should
» address safety, sustainability and functionality together
» from the earliest stages of innovation onwards Safe and Sustanable by Design

chemicals and materials

> with a life-cycle perspective R——

t
procedure for chemicals and
materials
Caters C Fot 7. Gamensio Ao L.
Vi, Toches 0. At . Aot K.
d_ L I (TRL) Rouacher K. Rgo Sces. /. ol .
oz

JRC TECHNICAL REPORT

Stage 1 Gate1  Stage2  Gate2  Stage3 Stage N Gate N

EC Recommendation
(EU) 2022/2510

European
Commission

13

*EC/JRC SSbD FRAMEWORK https://publications.jrc.ec.europa.eu/repository/handle/JRC128591
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Definitions, examples

Geographi Text of definition How aggregates Comments
cal area agglomerates
accounted for
Nanomaterial
material with any external dimension in the
nanoscale* or having internal structure or

surface structure in the nanoscale
(Note 1: see ** for definitions of certain types of nanomaterial.)
*nanoscale. length range approximately from 1 nm to 100 nm

ISO o Metrics used: N/A
vocabulary engineered nanomaterial. nanomaterial designed for specific Not specified Threshqlq: Not
1) purpose or function specified

e manufactured nanomaterial. nanomaterial intentionally Particle types: m/i/n

produced to have selected properties or composition

e incidental nanomaterial. generated as an unintentional by-
product of a process. (Note 1. The process includes
manufacturing, biotechnological or other processes, including
natural processes. Note 2: Incidental nanomaterial is also
used as a synonym for “ultrafine particle” in ISO/TR
27628:2007)

Rasmussen, Riego, Rauscher, Nature Nanotechnology volume 19, pages132-138 (2024

European

111SO 80004-1:2023 Nanotechnologies —Vocabulary — Part 1: Core vocabulary. c -an
ommission



https://www.nature.com/nnano

EU legislation explicitly referring to nanomaterials (selection)

16

Regulatory framework

REACH (Chemicals)
Regulation 1907/2006

and 2018/1881 (amended
Annexes)

Definition

v

"nanoforms"

Approval

procedure

Safety
assessment

Labelling

Guidance

Biocidal Products
Regulation 528/2012

AN

Cosmetic Products
Regulation 1223/2009

AN

AN

Novel Foods
Regulation 2015/2283

NN S

AN

Food Additives
Regulation 1333/2008

AN

Plastic Food Contact
Materials Reg. 10/2011

AN

Active & Intelligent FCM
Regulation 450/2009

AN

Food Information
Provisions
Regulation 1169/2011

AN

Medical Devices
Regulation EU/2017/745

AN

Conformity
assessment

v' — based on EC recommendation 2011

Currently the cosmetic
products regulation is being
updated.

Labelling of novel foods and food additives
containing nanomaterials is required
under FIC Regulation 1169/2011

European
Commission




The nanomaterial definition recommended by the European
Commission (2022/C 229/01)

1. 'Nanomaterial' means a natural, incidental or manufactured material consisting of solid particles

that are present, either on their own or as identifiable constituent particles in aggregates or

agglomerates, and where 50 % or more of these particles in the number size distribution fulfil at

least one of the following conditions:

(a) one or more external dimensions of the particle are in the size range 1 nm to 100 nm;

(b) the particle has an elongated shape, such as a rod, fibre or tube, where two external
dimensions are smaller than 1 nm and the other dimension is larger than 100 nm;

(c) the particle has a plate-like shape, where one external dimension is smaller than 1 nm and the
other dimensions are larger than 100 nm.

In the determination of the particle number size distribution, particles with at least two orthogonal
external dimensions larger than 100 um need not be considered.

However, a material with a specific surface area by volume of < 6 m?/cm? shall not be considered a
nanomaterial.

exclusion criterion based on VSSA

possible cut-off for counting
Text in green highlight by the JRC

European
Commission
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Course in the EU ACADEMY

A course Nanomaterials in EU Legislation is offered via the EU Academy
(https://academy.europa.eu/ )

« It has 4 modules:
« Module 01 - Introduction to Nanomaterials
« Module 02 - EU legislation and chemicals
« Module 03 - How specific EU legislation addresses Nanomaterials
 Module 04 - Nanomaterials and REACH

7 \ 4 . 77

By the end of this Module you will:

By the end of this Module you will By the end of this Module you will

) . o By the end of this Module you will:
1. Understand why different pieces of EU legislation address

1. Know the basis for EU legislation o B the safety of products, chemicals and nanomaterials in different
it ways 1. Know what a REACH registration and safety assessment entail
L. Understand why a regulatory defnton of 2. Have a basic understanding of the EU's legislative . . .
nanomaterials is needed 2. Know the basics of how the REACH Regulation addresses the 2. Understand the REACH concept of “substance” and how it relates
processes safety of chemicals in general and specifically of nanomaterials to nanomaterials
2. Know the basic principles, elements and the scope of (1 3. Know the different types of EU legislative acts 3. Know how the Biocidal Products Regulation addresses the 3. Understand the REACH concepts of “nanoform” and set of
the European Commission recommendation on the 4. Know the structure of EU legislation ‘e safety of acie substances and biocidal products and the nanoforms’
. aspects related to nanomaterials
definition of nanomaterial . ) 4. Know how the Medical Devices Regulation addresses the .| 4. Have an overview of information requirements for REACH
o . 5. Know where EU legislation is published safety of medical devices and the aspects related to registrations of chemicals and nanoforms and how they are
3. Understand the challenges in implementing the 6. Understand the relationship between EU and () nanomaterials fulfilled
definition national legislation 5. Know how the Cosmetic Products Regulation addresses the b 5. Have an overview of a Chemical Safety Assessment under
7 Have an overview of the EU legislative framework safety of cosmetic products and the aspects related to REACH
4. Know how these challenges are bemg met - fave X of the EL legisiafive framewa nanomaterials 6. Understand the current basic challenges in the safety
5 d i d th d f interati “ d for chemicals 6. Know which food-related legislation address safety aspects assessment of nanoforms
- noerstan . em.ae' orntema lona y accepe 8. Understand how the EU chemicals legislation is related to nanomaterials 7. Understand the roles of ECHA in the implementation of REACH
methods for |dent|fy|ng nanomaterials implemented 7. Know how the European Union's governance of

nanomaterials developed
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