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Nanoscale: why specific assessment is needed?
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Trend and uses

Examples of EFSA’s applications requiring nanoscale considerations

Novel foods

Food additives
and flavourings

Feed additives

Food contact
materials

Aim: To improve
quality of food
and increase
nutrients
bioavailability

Aim: To increase shelf-life and
enhance colours or flavours

Aim: To develop
sustainable smart
packaging and
sensors to
optimize and/or
monitor product
shelf-life
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®m Materials containing
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Nano Guidances development

July 2018

Publication of
EFSA Scientific
Committee
Guidance on
Nanotechnologies

History
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Sept 2019 K()

End of the pilot phase
and start of the
update of the 2018
Scientific Committee
Guidance on
Nanotechnologies

o
June 2020 ‘
Draft Guidance
on Particle - Technical
Requirements
endorsed for Public
Consultation by the
Scientific Committee

June-August 2021

Nano Guidances
adopted by the
Scientific Committee
and published in the
EFSA Journal

Sept 2019

European Commission
mandate for the
creation of a Guidance
on Particle - Technical
Requirements
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Background

= EFSA may receive two
types of applications:

Materials that meet the definition of
engineered nanomaterial as set out in

the Novel Food Regulation (EU) 2015/2283
(which is also applicable to other EU legislation
concerning regulated food products)

Conventional materials which do
NOT meet the definition of engineered
nanomaterial but may contain small
particles including particles at the

nanoscale

European Food Safety Authority

2018 Nano Guidance
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Guidance on risk assessment of the application of
nanoscience and nanotechnologies in the food and feed
chain: Part 1, human and animal health
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Terms of Reference from the EC

= To develop a technical guidance setting out the
information requirements for applications in the regulated
food and feed product areas of conventional materials
which do NOT meet the definition of engineered
nanomaterial set out in the Novel Food Regulation (EU)
2015/22831, in order to:

demonstrate whether a portion or the
whole of the material is in the
nanoscale;

for those materials which have been
determined to contain a fraction of small
particles, including particles at the
nanoscale, EFSA should provide the
information requirements demonstrating
that the nanoscale fraction of the
material was properly evaluated in the
safety studies (e.g. physicochemical
criteria to help identifying these materials,
technical and scientific information and
related evidence requirements that the
applicant needs to provide).

European Food Safety Authority
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Audience:

This Guidance should be
considered by the
applicants when
preparing the

application/dossier, and
then by the EFSA
Panels and Units
when assessing the
information submitted.

[Guidance on Particle - TR] 8



Interpretation of Terms of Reference
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= This document guides the Information Questions to address! Relevant guidance
rocess tO d ecC i d e w h et h er or Provide information for Is the material an engineered nanomaterial? (Novel
~ No : S Yes | |
not the material, or a fraction of summaredbeow ettt manciom? G|
It, oes require specific ._
L Sl
assessment Of propertle_s } at Dissolution rate Are the criteria for solubility or dissolution rate Yes
the nanoscale, providing B B Mo schlevad (eeSection)
Ways fo_r Conf"'m"“g that a Screening Does the material contain a fraction of small No | .[Follow sectoral
conven t iona I Fis k assessme nt o e Yes particles (size 500 nm or below)? (See Section 3.3) guidances only
i.e. prescribed by the sectoral quantifiation’ e the Troion o swal partils e '
( i d p 1 ff 'y 1 - asseismentat tl'?eon:n“;:capl: (>c::%m:al:tlrsles below NO
gulda nces) Is sufficient. :‘bﬁ””:‘s:‘;:m"“ . Yes: 500 nm are smaller than 250 nm)? (See Section 3.4)
= Therefore, this Guidance should s e e e | il
be considered as complementary the existing safety stuies? (See Section 4) e exsinginormaton o
to the sectoral guidances. If the I St condcing rew s, e e cammeniotors Seions. sl oromatis
ulidance on articie - 3. Results may trigger reconsideration by applicant whether the legal definition of nanomaterial is applicable.
Guid Particl TR

concludes th_at Convent_:i(_)nal risk Figure 1: Decision process for selecting the applicable guidance document(s)
assessment is NOT sufficient, the to be used for the risk assessment of the material regarding the assessment

user is directed to the Guidance of small particles
on Nano — Risk Assessment.

[Guidance on Particle — TR] 9



Interpretation of Terms of Reference

= The applicants may select the
best appraisal route or
combination of appraisal routes
to justify:
a.the absence of a fraction of
small particles, or

b.that the material contains a
fraction of small particles but
that this fraction is covered
by the conventional risk
assessment and relevant
sectoral guidance documents
and does not require a
separate assessment for the
nanoscale.

= The Guidance also provides
information related to Dbest
practices for reporting and
assessing existing studies, and
recommendations for generating
additional information.

European Food Safety Authority

Information Questions to address! Relevant guidance
Provide information for N Is the material an engineered nanomaterial? (Novel Yes
one or more blocks 1™ Food Regulation and related food/feed guidelines) —4 Follow Guidance Nano-RA
summarised below? Is the material a nanoform? (FCM, PPP)
Solubility
Dissolution rate Are the criteria for solubility or dissolution rate

= | No | achieved? (See Section 2)

Particle size distribution:
Screening Does the material contain a fraction of small No Follow sectoal
P e dRT bt | Yes | particles (size 500 nm or below)? (See Section 3.3) guldances only
bl * Does the fraction of small particles require I
- — = assessment at the nanoscale (> 10% particles below No
Assess the information Yes| 500 nm are smaller than 250 nm)? (See Section 3.4)

Fudies Is the fraction of small particles properly covered by ——IYS :ﬂl::::;l:;r:::r:am-
the existing safety studies? (See Section 4) No existing information for
1. Before conducting new studies, see the recommendationsin Section 5. ;';i::::::;’:;:i e
2. Applicant maystart the assessment from any information block as appropriate.

3. Results may trigger reconsideration by applicant whether the legal definition of nanomaterial is applicable.

Figure 1: Decision process for selecting the applicable guidance document(s)
to be used for the risk assessment of the material regarding the assessment
of small particles

[Guidance on Particle - TR] 10



Appraisal routes proposed
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‘Exit routes’ of
information
requirements
complementing the
conventional risk
assessment designed to

N\
@ Solubility
\

@ Dissolution rate
\

@ Screening particle size

‘exclude’ the need of
nano-specific
assessment according to
Guidance on Nano - RA

|
@ Quantification particle size

Cost & Complexity

/
@ Coverage by existing studies
/

Each appraisal route and the underlying principles [Guidance on Particle - TR] 11
are extensively described in the dedicated Sections



***
Appraisal routes proposed | efsa

SO|Ub|||ty Aim: demonstrate that consumers
will not be exposed to small
Dissolution rate particles
Screening particle size Aim: demonstrate absence or

quantity of small particles in
Quantlflcatlon slzpilel = Sb4= | properly dispersed samples

@ O}Vl geTe (SR IMASIAIN W1 Te AU[e[ISISN A ity demonstrate that the fraction

of small particles is properly covered
by existing safety studies

Each appraisal route and the underlying principles

Guid Particle - TR] 12
are extensively described in the dedicated Sections [Guidance on Particle ]



1.
2.
3.
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Questions to address?

Relevant guidance

Zinc oxide nanoparticles
Guidance on Nano - RA

This Guidance on Particle - TR

Information?
Is the material an engineered nanomaterial? (Novel Yes . Follow Guidance Nano-RA
Food Regulation and related food/feed guidelines)
Is the material a nanoform? (FCM, PPP) No * Follow this Guidance
Particle-TR
Solubility T S -
Dissolution rate " Are the appraisal routes for solubility or dissolution | Yes
. No rate achieved? (See Section 2) —l
Particle size distribution:
screening o : : 2 v
Does the material contain a fraction of small NO® [ coiow sectora)

. Yes particles (size 500 nm or below)? (See Section 3.3)
Particle size distribution:

guidances only

» i

Potassium chloride as Food additive

Solubility may confirm that guidance
on food additives is sufficient

Magnesium silicate as Food additive

uantification?®
q * Does the fraction of small particles require <
: : assessment at the nanoscale (>10% particles below No

Assess thg information _ Yes 500 nm are smaller than 250 nm)? (See Section 3.4)

from existing safety

studies N . . Yes
Is the fraction of small particles properly covered by
the existing safety studies? (See Section 4) No

A

Before conducting new studies, see the recommendations in Section 5.
Applicant may start the assessment from any information block as appropriate

Follow Guidance Nano-
RA to complement
existing information for
the assessment of
nanoscale properties

v

Generate information on particle size

Titanium dioxide as Food additive

Results may trigger reconsideration by applicant whether the legal definition of nanomaterial is applicable

Presence of a fraction of nanoparticles
confirmed by the specifications

[Guidance on Particle - TR] 13




Appraisal routes proposed

| ‘Exit routes’ for:
.« Highly soluble materials of low concern
Materials dissolved in the food or product

Param_eters/ Decision criteria? Methodology Comments
Options
Solubility in Equal to or higher than 33.3 According to OECD For multi-constituent
water g/L TG 105 with specific substances and mixtures, the
(Section 2.3.1) considerations for decision criterion has to be
small particles fulfilled for each
constituent/component
Solubility/ At the expected maximum Solubility/dissolution Results should confirm that
dissolution in the levels: the substance is fully tests of the under the intended use
marketed product dissolved in an aqueous or a substance in water, conditions (e.g. marketed
or in food non-aqueous matrix; or lipids or relevant product or food) the material
(Section 2.3.4) residues in food are below simulants. or its residues in food will be
the relevant solubility limit. solubilised in the products
ingested by consumers

1 Fulfilling the decision criteria for one of the parameters/options is sufficient for demonstrating that the assessment according to the sectoral guidance is sufficient

[Guidance on Particle - TR] 14



T,
Specific provisions for: | ~ . efsam
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» FCM substances

[specific solubility limit of 60 mg/L] 1
= 60 mg/L is a generic upper migration
limit for FCM substances, if solubility is

greater than 60 mg/L, will be in fully
solubilised form and not as particles

= Residues in food
[feed additives and pesticides]

» Verifiable information that solubility of
the residue is above the maximum
levels ensures that consumers are @
only exposed to solubilised materials

(not to particles)

*
g

15



S.2

Dissolution/
degradation rate
in water
(Section 2.3.2)

Half-life of 10 min or less
corresponding to dissolved
fraction equal to or higher
than 88% in 30 min

efsae

European Food Safety Authority

‘Exit routes’ for:

« Materials that will dissolve in the GIT after
ingestion

Single concentration JFor multi-constituent
corresponding to substances and mixtures, the
exposure at the decision criterion has to be
maximum use level Jfulfilled for each

in water constituent/component.

If solubility is pH dependent,
the criteria should be
confirmed at pH=3 and/or
pH=7

1 Fulfilling the decision criteria for one of the parameters/options is sufficient for demonstrating that the assessment according to the sectoral guidance is sufficient

A dissolution rate protocol is included in Section 2.3.2.
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Solubility: Dissolution rate:

= Value of 33.3 g/L based » The dissolution rate threshold considers the

on internationally agreed - ,
standard testing for time needed for particles to cross the mucus

chemicals (JECFA and layer lining the intestinal epithelium and
EU/US Pharmacopeias). subsequent cellular uptake. If the particles
The material is expected dissolve within this time frame, there is no

to be fully solubilised

(SCCS, 2019). systemic exposure to particles.

= The concentration to be tested is estimated
based on the assumption that the amount
ingested per day is diluted in the GIT up to

LY a volume of 2L. Adaptation of the volume to
- - 1L is needed when the process is expected
, A to occur only, or mostly, at the acidic
- conditions of the stomach, as well as in case

of assessments for infants and children.

[Guidance on Particle - TR] 17



S.3
Particle size Particles equal to or larger than
distribution of the 500 nm
material
(Section 3.3) The detection capability of the

method(s) used for this
assessment should provide
convincing evidence that the
material contains less than 10%
of particles (number-based) with
at least one dimension smaller
than 500 nm

The method selection
should be justified, and
detection capability
should be reported,
examples of possible
methods are:

CLS

PTA

dEM

Filtration
complemented with
chemical analysis

efsae

European Food Safety Authority

Proper dispersion of the material
should be ensured (Section 3.2)

Recommendations for ensuring proper dispersion are reported in Section 3.2



Agglomeration and consequences

European Food Safety Authority

= Due to their higher surface/volume ratio, nanoparticles have high tendency to
stick together to form larger sized agglomerates via weak forces* (e.g. Van
der Waals and electrostatic interactions). The agglomeration/de-agglomeration
status is therefore a dynamic process, influenced by different physical and

biological conditions.

= Therefore, ensuring proper dispersion is key for the risk assessment of
nanoparticles as allows to test a nano-sized worst-case scenario.

-2

*: Agglomeration # Aggregation [Guidance on Particle - TR] 19




Appraisal routes proposed

'Exit routes’ for:
i = Absence (or just a tail) of nanoparticles

N\
@ Quantification particle size
\

Parameters/

SrTe Decision criterial Methodology Comments
Particle size Less than 10% of the Quantitative EM or a Applies to the fraction of small
distribution of particles (number-based) of different method particles of the full material
fraction of small the sub-500 nm fraction with with justification (also for multi-constituent
particles at least one external substances and mixtures)
(Section 3.4) dimension smaller than 250 o

nm When the criterion is not met,

this information is also
required for assessing if the
fraction of small particles is
covered by the existing safety
studies following the criteria
described in Section 4

1 Fulfilling the decision criteria for one of the parameters/options is sufficient for demonstrating that the assessment according to the sectoral guidance is sufficient

[Guidance on Particle - TR] 20



Principles
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Screening particle size: uantification particle size:
[10% number-based particle size [sub 500 nm fraction contains less than
smaller than 500 nm] 10% particles (number-based) smaller
= Uptake from the GIT up to 250 than 250 nm]
nm. = Uptake from the GIT up to 250
= UF=2 to account for the limitations nm.
of available screening techniques = 10% for the sub-500nm fraction is
(particle size range that can be a technical threshold based on
detected, limits of quantification, the measurement uncertainty that
conversion into number-based can be achieved under typical
distributions,...) conditions with the currently
* Assuming normal size available EM methods
distribution of the full material
(worst-case scenario for
conventional materials), 10% or '
less of the particles being smaller S ’
than 500nm implies that the _@_
fraction of nano-sized particles (1-
100 nm) will be minimal, and ’ \
uptake is negligible. ~

[Guidance on Particle - TR] 21



Appraisal routes proposed

| ‘Exit routes’ for:

: i« Nanoparticles present but properly covered
Coverage by existing studies [EEwiNseoa i E

Param_eters/ ‘ Decision criteria? ‘ Methodology Comments
Options
The studies address The test material included Characterisation of the test material, Specific considerations for existing
properly the potential the fraction of small particles comparison with the marketed studies see are detailed in Section
hazards of the fraction of App material, 4,

Specific consideration for genotoxicity
and TK assessments,

AND

Demonstration of proper dispersion
based on extraction of information

small particles

Before conducting new safety
(Sections 4.1. and 4.2)

studies for materials containing a
fraction of small particles, see the
recommendations of the Guidance

The test design and level of
dispersion/degree of
agglomeration was sufficient
for addressing the fraction of

small particles from study protocol or additional on Nano-RA.
information (Appendix II)
The submitted risk The gaps observed in the The lines of evidence are combined See examples under Table 4,
assessment covers the safety studies are covered in @ weight of evidence approach Section 4.3
fraction of small particles (or are of overall low
(Section 4.3) relevance) and do not trigger

additional concerns

[Guidance on Particle - TR] 22



Critical elements to be considered
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Particle toxicit h-2emes

[exposure to particles = worst-case scenario]

= The lack of a proper dispersion method and high
doses promote agglomeration resulting in low
disproportionality between internal dose and external Dose
dose

= Proper duration (e.g. 90d) + examination of first
site contact (e.g. Peyer’s patches and GIT epithelia)
with appropriate techniques (e.g. ICP-MS) as
fundamental requirement

= Complete genotoxicity test battery needed considering
that Ames test is not suitable for the assessment of
nanomaterials and nanoparticles and a mammalian
cell gene mutation test (OECD TG 476 or 490)
should be preferred




Additional elements supporting applicants i “ . afsae

= Table 3:
Examples for combining
the different lines of
evidence and detecting
data gaps regarding the
coverage of the fraction
of small particles by the
conventional risk
assessment

= Section 4.3 and 5:
Recommendations on
how to conduct new
studies

3 S
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4. Evidence to be submitted on safety studies conducted without
documented consideration of the properties of small particles

4.3.

Table 3: Non-exhaustive set of examples of observations and additional information for combining
the different pieces of evidence regarding the coverage of the fraction of small particles by
the conventional risk assessment

Observations
isting toxici 2 icokinetic Additional information of evid
studies

Existing 90-day oral studies The marketed material (a Safety studies addressing the

cannot be complemented substance or a mixture) has a effects of small particles

with the required provisions small partide fraction that according to the Guidance on

for addressing the fraction differs from the rest of the Nano-RA are needed

of small particles in the material in terms of partide

nanoscale in accordance to shape, crystal structure,

this Section chemical composition, or

combination of more thai
one of these features.

Local toxicity in the GIT Chemical composition Effects likely associated to small

observed indicates that the soluble/ partides, spedific assessment

degradation products are of needed according to Guidance
low toxicity on Nano-RA

Systemic toxicity with dose- Significant Chemical composition of the  Conventional risk assessment

response observed in oral  absorption at fraction of small particles offers sufficient coverage for the

studies toxic doses similar to bulk material fraction of small particles

Criteria for requiring new studies and setting the assessment and
testing strategy

5.

Recommendations for conducting new studies on materials
consisting of or containing a fraction of small particles

[Guidance on Particle - TR] 24



Additional elements supporting applicants

= Appendix A:
How to report the
characteristics of the
fraction of small
particles

= Appendix B:
How to report the
information from
existing safety studies

European Food Safety Authority

Guidance on Particle — Technical Requirements

Appendix A — Particle size distribution of the constituent particles

Table A.1: Example of a scheme for systematic reporting of descriptive EM analyses (Adapted
from Mast et al., 2020)

1) Description of the material, batch and sample

a) Provide information on the material (chemical composition, batch, molecular formula,
molecular weight, CAS No., stability, purity, and physicochemical properties)

b) Provide information on the selection of the sample and the preparation of the specimen
for the EM analysis

ej .

Guidance on Particle — Technical Requirements

Appendix B — Summary of the information to be provided for each safety
study according to the requirements presented under Section 4

Table B.1: Best practices for extracting and reporting information from existing safety studies.
Similar steps can be used and adapted for presenting information from in vitro studies

Elements to be extracted from the study report .

of i vivo shadios Related info to be reported by applicants

Test material'  «  Info on chemical identity of the test ~ «  Chemical identity, purity, form used in the

material, purity, batch, study (powder, liquid, dispersion, etc.)
physicochemical properties induding  *  Solubility, dissolution rate” of the marketed
solubility material

«  Particle size distribution® and characterisation
of the fraction of small particles in the

[Guidance on Particle - TR] 25
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Besides the sector specific risk assessment, all
‘conventional’ materials should be assessed for the possible
presence of small or nano particles according to the
Guidance on Particle — Technical Requirements

The application dossier should properly report the
information requirements described by the Guidance on
Particle — Technical Requirements to exclude the need of

nano-specific assessment

If the information provided are insufficient to exclude the
need for nano-specific risk assessment, the applicant should
follow the provisions described by the Guidance on Nano -
Risk Assessment
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