
NaNomaterials DefiNitioN fact sheet

N anotechnology can generally be described as the 
synthesis, visualization, configuration and manipu-
lation of atomic to molecular sized particles. This 
includes the manufacture, use and manipulation 

of materials at the nano scale. This innovative technology 
promises technical and economical advantages in diverse 
fields ranging from medicine, cosmetics and food process-
ing, to energy production and storage, and electronics and 
textiles. Despite its promises, the use of nanomaterials come 
with risks and potentially harmful impacts on human health 
and the environment. Because voluntary options have re-
peatedly failed in the past, nanomaterials must be legally 
required to go through specific risk assessment and man-
agement procedures before being introduced to the market . 
 In a regulatory context, a legal definition is critical to es-
tablishing which substances and materials will be covered 
by the specific provisions adopted to ensure the safe devel-
opment and use of nanomaterials. A definition that is too re-
strictive means that some nanomaterials will not be subject 
to the specific risk assessment and risk management provi-
sions designed for nanomaterials, and will enter the market 
without being properly assessed and managed. Conversely, 
a definition that is too broad will include materials that do not 
need to be subject to the targeted risk assessment and risk 
management procedures designed specifically to ensure the 
safety of nanomaterials. 

 However, crafting a science-based legal definition of 
nanotechnology is a serious challenge because both our un-
derstanding of these new materials and the measurement 
and imaging technologies needed to assess them are fast 
evolving. 

• A legal definition of nanomaterial is essential to implement specific risk assessment and risk 
management measures for nanomaterials.

• Crafting a science-based legal definition is challenging because both our understanding of 
these new materials and the measurement and imaging technologies needed to assess them 
are evolving rapidly.

• A definition too large in scope could impose nano specific requirements to materials for which 
they are not relevant. On the other hand, a definition that is too restrictive could allow nanoma-
terials onto the market without subjecting them to adequate risk assessment and management 
measures

• The EU is the only jurisdiction with a horizontal legal definition of nanomaterials in place. In ad-
dition, EU sector specific legislation such as for cosmetics and biocides contain  distinct defini-
tions that are yet to be harmonized.

• The EU definition is challenged as being too broad or too restrictive by different stakeholders.

• Technical challenges to its implementation remain, and the EU Commission is currently 
considering revisions with assistance from the Joint Research Center.
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Nanotechnology definition fact sheet
 Many countries and organizations have devel-
oped working definitions to identify nanomaterials 
based on the size of the material, its novel proper-
ties, or a combination of both. These working defini-
tions however, often include qualifiers such as “ap-
proximately” or “in the range of,” which makes them 
unsuitable for use in a regulatory context.
 The EU is the only jurisdiction currently using 
legal definitions. The European Commission devel-
oped a recommendation for a definition in 2011. It 
is a size-based definition developed with the help of 

the European Commission’s Joint Research Center 
(JRC) taking into account scientific opinions provided 
by the Scientific Committee on Emerging and Newly 
Identified Health Risk (SCENIHR), and following a 
lengthy public consultation.  The EU Commission 
aimed at using this recommended definition in all EU 
legislation.  However, because several EU legal texts 
were revised to include nano specific provisions and 
definitions before the adoption of the Commission 
recommendation, EU legislation still uses a variety of 
legal definitions (see “Practice in the EU” on page 4). 

This approach has been praised for only iden-
tifying the materials whose properties differ 
from that of the corresponding bulk material. 
However, challenges also abound in crafting a 
science-based legal definition on that basis:

• Material at nanoscale could demonstrate 
properties that are distinct from the bulk 
form of the same material, but which are 
not unique to nanoscale materials (as they 
can be exhibited by other materials in the 
bulk form);
• Some properties of nanomaterials are not 
genuinely different from those of the cor-
responding bulk material but rather inten-
sified due to increased surface area.
• Some toxicity mechanisms seem to 
depend only on the size of the material, 
regardless of its properties (see “Toxicity 
Risks of Engineering Nanomaterials” fact 
sheet). Such materials risk falling outside 
the scope of a property based definition 
(and hence being excluded from related 
legal requirements) if the focus is solely on 
specific properties.

This option is the most widely used around the world, 
mostly using a 1 to 100 nm size range. The EU has pro-
posed a 50% threshold value of nanosize particles to 
establish if a material is to be considered nano.

• A fixed cut-off value fails to recognize that properties 
evolve gradually and actual threshold values for toxicity 
depend on the type of nanomaterial. 
• Most nanomaterials are not composed of uniform 
particle sizes. Within each batch of substance, particles 
of different sizes coexist. A size-based definition must 
take this fact into consideration and express a definition 
based on a particle size distribution curve.
• Size-based definitions depend on the identification of 
an adequate cut-off value. Scientists agree that the 100 
nm cut off value is an arbitrary, non-scientific threshold.
• Most nanomaterials can and will bind together 
through weak or strong bonds. These clusters of par-
ticles, called agglomerates (when weakly bound) or 
aggregates (when strongly bound or fused) can be larger 
than nanoscale but may nonetheless exhibit physical or 
chemical properties that are different from the proper-
ties of the bulk substance. Moreover, they may break 
down into their primary nanoscale particles when exter-
nal conditions change.

Options for Defining Nanomaterials
Size Based Nano-specific Properties

Challenges Include
Challenges Include



Examples of existing definitions1

The International Organization for Standard-
ization (ISO) defines nanomaterial as “a ma-
terial with any external dimensions in the na-
noscale or having internal structure or surface 

structure in the nanoscale.”2 This definition has been 
used as the basis for working definitions in Australia, 
Canada, the United Kingdom, the United States and the 
Organization for Economic Co-operation and develop-
ment (OECD)3, among others. In 2014 the ISO definition 
of Nanoscale was modified to mean the “length ranging 
from approximately 1nm to 100 nm.” 

The OECD Working Party on Manufactured Nano-
materials defines a nanomaterial as “[a] chemical that 
is either a nano-object or is nano-structured.” A nano-
object is defined, in turn, as “a material confined in one, 
two, or three dimensions at the nanoscale” and nano-
structured means “having an internal or surface struc-
ture at the nano scale.” The nano-scale is defined as 
“the size range typically between 1nm and 100 nm.”4  

The United States does not have a regulatory defini-
tion. Various agencies use working definitions focusing 
on key criteria. The Environmental Protection Agency 
(EPA) uses a working definition developed by the Na-
tional Nanotechnology Initiative, a government research 
and development program seeking to coordinate efforts 
and research in areas of nanoscale technology. Accord-
ing to the EPA, “Nanomaterials can exhibit unique op-
tical, mechanical, magnetic, conductive and sorptive 
properties different than the same chemical substances 
in a larger size.”5 The US Food and Drug Administra-
tion (FDA), refers to nanomaterials as “both materials 
that have at least one dimension in the size range of 
approximately 1 nanometers (nm) to 100 nm and cer-
tain materials that otherwise exhibit related dimension-
dependent properties or phenomena.”6

Health Canada, the Canadian government body tasked 
with regulating products and substances applies a 
working definition of nanomaterials as “at or within the 
nanoscale [meaning 1 to 100 nanometers, inclusive] in 
at least one external dimension, or has internal or sur-
face structure at the nanoscale; or, it is smaller or larger 
than the nanoscale in all dimensions and exhibits one 
or more nanoscale properties/phenomena.”7   

Within the European Union, the European Commission 
issued a Recommendation in October 2011 for a defi-
nition of nanomaterials to be used as “a reference for 
determining whether a material should be considered 
as a ‘nanomaterial’ for legislative and policy purposes 
in the Union.”8 

It defines nanomaterials as “a natural, incidental or 
manufactured material containing particles, in an 
unbound state or as an aggregate or as an agglom-
erate and where, for 50% or more of the particles in 
the number size distribution, one or more external 
dimensions is in the size range 1nm-100nm.”9 The 
definition further provides that, where warranted by 
environmental, health, safety or competitiveness con-
cerns, a lower threshold may be applied for the number 
size distribution. 

The definition specifies that by derogation from the 
above, fullerenes, graphene flakes and single wall car-
bon nanotubes with one or more external dimensions 
below 1 nm should be considered nanomaterials. 
The definition also includes the use of a specific sur-
face area by volume ratio of 60m2/ cm3 to determine 
whether a material is to be considered a nanomaterial. 
This proxy measurement can only be used to establish 
that a material is a nanomaterial. It cannot be used to 
establish that a material does not fall under the scope 
of the definition. 

The definition is based only on size (with no reference 
to specific properties) and uses the number of particles 
as the primary means of measuring the proportion of 
the material in the nano range (as recommended by 
SCENIHR). 

The Commission aims to integrate this definition into 
sector or product-specific legislation, adapting it where 
necessary, in particular by lowering the 50% thresh-
olds when warranted by concerns for the environment, 
health, safety or competitiveness.10 

The definition is currently undergoing a review process 
to be concluded by December 2014, as mandated by 
the original recommendation adopted in October 2011.

The use of different definitions across various juris-
dictions poses a serious challenge to regulatory ef-
forts because  it leads to legal uncertainty and differ-
ing regulatory approaches for the same nanomaterial. 
For example, the use of different definitions in various 
regulations means that a substance may be considered 
a nanomaterial and subject to specific requirements 
when included in a certain type of products (e.g.: bio-
cide) but be considered a bulk substance, not subject 
to specific nano safety assessment in another appli-
cation (e.g.: Cosmetics). Similarly, a material could be 
considered a nanomaterial in certain jurisdictions (e.g.: 
in the EU)  while being treated as a bulk material in oth-
ers (e.g.: the US).
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Practice in the EU

In addition to the EU Commission recommendation for a definition of nanomaterials adopted in 2011, sev-
eral sectoral EU regulations include distinct definitions. 

Regulation (EC) No 1223/2009 on Cosmetic products (The Cosmetic Regulation) defines a nanomaterial as 
“an insoluble or biopersistent and intentionally manufactured material with one or more external dimen-
sions, or an internal structure, on the scale from 1 to 100nm.”11  This definition differs from the Commission 
recommendation in that it only includes insoluble or biopersistent materials and does not refer to a particle 
numbers distributions. 

The EU biocide regulation defines a nanomaterial as “a natural or manufactured active substance or non-ac-
tive substance containing particles, in an unbound state or as an aggregate or as an agglomerate and where, 
for 50% or more of the particles in the number size distribution, one or more external dimensions is in the 
size range 1-100nm.”12 This definition is the only one based on the Commission recommendation, and thus 
differs greatly from the definition used in other sectoral regulations.

The Regulation on the provision of food information to consumers defines nanomaterials as “any intention-
ally produced material that has one or more dimensions of the order of 100nm or less or that is composed 
of discrete functional parts, either internally or at the surface, many of which have one or more dimensions 
of the order of 100nm or less, including structures, agglomerates or aggregates, which may have a size above 
the order of 100nm but retain properties that are characteristic of the nanoscale.”13

The directive on medical devices is currently being revised. At the time of writing, the text has been ap-
proved by the EU Parliament and is being reviewed by the EU Council. The current proposal includes a defi-
nition of nanomaterials modeled on the EU Commission recommendation:  “nanomaterial’ means a natural, 
incidental or manufactured material containing particles, in an unbound state or as an aggregate or as an 
agglomerate and where, for 50 % or more of the particles in the number size distribution, one or more external 
dimensions is in the size range 1-100 nm. Fullerenes, graphene flakes and single-wall carbon nanotubes with 
one or more external dimensions below 1 nm shall be considered as nanomaterials.”14

T he definition recommended by the Commission has 
generated a lot of controversy and debate. Several ac-
tors, in particular from industries potentially subject to 
regulation, contend that the definition is too expensive 

to implement as it requires the use of multiple and expensive 
measurement techniques for each batch of the material. They 
also argue that the definition uses inappropriate thresholds 
and is consequently overbroad. Industry opponents argue that 
certain potentially covered materials should not fall under the 
definition, either because they do not exhibit any nano specific 
properties or because they have been on the market for many 
years without being defined as nanomaterials.

CONTINUED ON PAGE 5

Controversies regarding the commission’s 
recommendation for a definition

several definitions used in a variety of instruments
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Remaining technical challenges in implementing 
the EU recommended definition of nanomaterials

The EU definition is under revision at the time of writing and the EU JRC is expected to publish its rec-
ommendation by the end of 2014. In September 2014, JRC published a progress report taking stock of the 
feedback collected from stakeholders through a public consultation undertaken in 2013.

The report indicates that the JRC received “rather diverse” comments on analytical challenges and indicates 
that the “lack of standardized, validated analytical methods is probably seen as the major drawback as re-
gards the implementation of the definition.”16 The report highlights three main areas of concerns:

• The Commission’s definition is based on a minimum external dimension, yet most non-microscopy-
based particle size techniques measure spherical diameters. The report states that “this is an important 
obstacle for the assessment of materials for which the particle’s shape deviate from spherical”;
• The definition requires counting particles, even when they are clustered together as aggregates. Most 
aggregates cannot be disaggregated or dispersed without damaging constituent particles.  The report thus 
recommends that “best practices” for dispersing particles be developed; and
• Analytical techniques may not be capable of assessing whether over 50% of particles fit within the size 
limits. Most common commercial particle size analysis instruments determine the particle size distribu-
tion of materials based on mass or volume fractions, which then need to be converted into a number dis-
tribution. The report observes that the accuracy of this conversion is “questionable.”

Finally, measuring nanomaterials is further complicated by the fact that measurement results can be im-
pacted by changes that occur within the lifecycle of nanomaterials.

Industry generally demands that: 
• The measurement unit be switched from particle 
number to mass; and 
• The 50% threshold be raised to a much higher 
percentage (up to 90% of particles in the nanoscale 
range for a material to be recognized as a nanoma-
terials). 

By contrast, other stakeholders contend that, as a re-
sult of political compromise, the definition is too nar-
row to cover all materials that should be subject to 
specific risk assessment and management measures.  
As evidence, they cite SCENIHR’s opinion stating that 
the percentage of particles in the nano range should 

be as low as 0,15% for a material to be considered a 
nanomaterial. Supporters of a larger scope definition 
(including a large portion of civil society, and many 
scientists and scientific institutions) also argue that 
specific adverse effects have been demonstrated for 
particles as small as 0.3 nm and as large as 300nm 
that the definition should therefore use this particular 
size range and include materials that fall outside of 
this size range but that still exhibit unique properties.15  

Current tensions around the definition center main-
ly on the use of particle numbers as the main unit, 
the size range and percentage of particles within this 
range to be used. 

Controversies regarding the commission’s recommendation 
for a definition
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