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[ Characterization of NM in complex
matrices in a regulatory context

I (/Characterization of NM In food
| additives E171, E174

H Objectives

\

ﬂ H NanoAg@
EFSA Validated Exposure
ﬂ H EM unit




"EFSA Guidance on risk assessment of the application of
nanoscience and nanotechnologies in the food and feed

chain”

“4. Physicochemical characterization of nanomaterial”
“4.1. Framework for distinguishing nanomaterials and non-nanomaterials

“4.2 Pristine material characterization”
“4 3. Characterization and quantification in matrix” (products)

)

« Through validated methods, suitable analytical techniques »

BF-TEM
SEM-EDX + STEM-EDX
SP-ICP-MS

/ . EFSA Scientific Committee, Hardy A, Benford D, Halldorsson T, Jeger MJ,

8 S C | e n S a n 0 Knutsen HK, More S, Naegeli H, Noteborn H, Ockleford C, Ricci A, Rychen G, Schlatter JR, Silano V, .h
Solecki R, Turck D, Younes M, Chaudhry Q, Cubadda F, Gott D, Oomen A, Weigel S, Karamitrou M,
Schoonjans R and Mortensen A, 2018. Guidance on risk assessment of the application of nanoscience
and nanotechnologies in the food and feed chain: Part 1, human and animal health. EFSA Journal

2018;16(7):5327, 95 pp. https://doi.org/10.2903/j.efsa.2018.5327



Research question: «Materials falls under

scope of EFSA guidance (section 1.3)?»

EC recommendation on the definition of a nanomaterial
(2011/696/EV):

Natural, incidental, and manufactured

Refers to constituent particles (primary particles)

Uses size as the most important defining parameter: “50 % or more of the constituent
particles (by number) have one or more external dimensions in the size range 1 — 100
nm.”

Novel food Regulation (2015/2283):

Engineered material, intentionally produced to perform a specific function in the food.
One or more dimensions of the order of 100 nm or less

It includes also structures, agglomerates, or aggregates, which may have a size above
100 nm but retain properties that are characteristic of the nanoscale.

+ EU Regulation on the Provision of Food Information to Consumers
“all ingredients that are present in food as nanomaterials must be indicated as
such on the product label.” (refers to Novel food regulation)
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Analytical methodology
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Identification of nano-objects in food

CEN/TC 352: Nanotechnologies — Guidance on detection and identification
of nano-objects in complex matrices

Sample of nano-objects in complex matrixes

Liquid environmental compartments e m—

- using a priori knowledgs

Matrix destruction Physical separation Detachment
adapted digestion filtration, ultrasonication,
methods centrifugation dispersants

Prepared suspension with nano-objects

F O O d Preparation Process Quality Assessment

Concentration Property assessment
ICP-OES (IS0 11885:2007) Size (DIS:ISO 22412: 2008, PTA: MS)
ICP-MS (SO 17294:2004) zeta potential {EL mo bility)

Target particle concentration,

Sample preparation e
Size classification +chemical composition g el

FFF-UV-MALS-ICP-MS
spICP-MS
108gL? 103 gLt

EM: BF-TEM, SEM-EDX or STEM-EDX =

EM-EDX
FFF-UV-MAILS-ICP-MS

SP-ICP-MS e

Pre-analysis sample treatment

EM-EDX FFF-UV-MALS-ICP-MS spICP-MS
on-grid centrifugation removal of oversize removal of oversize

spedficgrid-treatment partides> 1 pm particles> 10 pm

Instrument
selection
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Analytical approach

Sub-question

Particles present?

Methodology

Descriptive (conventional) EM

lllustration

Phase?

Powder electron diffraction

Chemical composition?

HAADF-STEM-EDX
SEM-EDX

- - - -

Nano? Quantitative TEM : i
e
How many? Total: ICP-MS -, B
| LT

NP: SP-ICP-MS




Quality of the results

Standardised methodology

Validated methodologies i Bt VB

by Spala and Guiot protocol at pi2, by quantitative TEM
‘analysis and using the NanoDefine ParticleSize software for the DISTRIBUTION OF DISPERSIONS OF Ti0; NANOPARTICLES
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Analysis results of E174
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Silver (E174) in food

EC approved food additive (EC 1333/2008)

Authorized to be used
to color the external coating of confectionery
for decoration of chocolates
in liqueurs

Applied as a silver-colored powder or as tiny sheets (Directive 95/45/EC)
Intended and assumed to be present in the bulk form

EFSA re-evaluation of silver (E 174) as food additive

Conclusions warrant further characterization of nano-sized fraction using EM




Purchase of E174 materials

Belgian market

Colloidal reference materials

Pristine materials purchased from different European websites
Powders, flakes, petals, leaves

E174 containing food products purchased from several local
stores

Sugar beans, candy, cake decoration
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Validation based on reference material:

NM-300k

Distribution of Min. Feret Diameter
Xp=1.342-02 Apm

S days

3 vials

1 TEM grid

10 positions

Uncertainty budget of quantitative TEM analysis

* Type A undertainties: top-down estimation of U,, U;, (5 days, 3 repititions)
- Type B uncertainties: U, U,

« Combined, expanded measurement uncertainty (k = 2): U, = 8-9%
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E174 in food products

Mini confetti, silver o =
-lmou,‘;i\_i,,,

Date 12062019

Powder ED
PSD TEM

MNumber of particles

i
40 60 80 100 120 140
Minimal Feret diameter (nm)

F
PSD SP-ICP-MS

Frequency

40 60
FSD (nm)




E174 food products

Non

sonicated sonicated sonicated
NF@-Mix-Ag-001 19 nm - 24 nm 7.1x1013 21 4.7 0.46 1,51x1016
NF@-Mix-Ag-002 17 nm - 19 nm 3.5x1013 6.9 4.7 0.15 7,45x1015
NF@-Mix-Ag-003 16 nm - 22 nm 4.2x1013 11 3.4 0.32 1,24x1016
NF@-Mix-Ag-004 20 nm - 22 nm 4.5x1013 13 4.1 0.32 1,10x1016
NF@-Mix-Ag-005 15 nm - 23 nm 7.4x1013 23 4.7 0.49 1,57x1016
NF@-Mix-Ag-006 36 nm = 16 nm 1.6x1014 32 8.7 0.37 1,84x1016
NF@-Mix-Ag-007 22 nm - 22 nm 3.6x1013 9.7 4.5 0.22 8,00x1015
NF@-Mix-Ag-008 23 nm - 21 nm 1.7x1013 34 1.2 0.28 1,42x10%6
NF@-Mix-Ag-010 12 nm - 20 nm 7.8x1013 22 4.2 0.52 1,86x1016
NF@-Mix-Ag-011 10 nm - 22 nm 2.0x1013 6.3 1.9 0.33 1,05x1016

2>//s)ciensano be
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Results E174 in food products

« Sample preparation relatively easy
* NPsreadily observed by EM
 Flakes with rough, particle-like surface

 Even distribution over EM grid =2
guantitative TEM

 Representative size distributions,
Median values of Feret min values: %
10-20 nm

* (SP-ICP-MS: 10%5-10'®NP per kg E174)

+ EM

0 4 | —|cgriorrral fit EM
A& SP-ICP-M5

15 4 s ogairerial fit SP-ICP-MS

0 0 40 60 80 100 120
Particle size [nm)




Pristine E174

"Silber-gastro Flocken™

Powder ED

_
M

Number of particles

Frequency

©
S

w s [

PSD TEM
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Minimal Feret diameter (nm)
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NF@-Ag-001

NF@-Ag-002

NF@-Ag-003

NF@-Ag-004

NF@-Ag-005

NF@-Ag-006

NF@-Ag-007

NF@-Ag-008

NF@-Ag-009

NF@-Ag-010

NF@-Ag-013

NF@-Ag-014

Pristine E174 materials

Non-sonicated

13 nm

12 nm

+20 nm

Insufficient number

20 nm

45 nm

Insufficient number

Insufficient number

7 nm

14 nm

5nm

12 nm

sonicated

13 nm

Insufficient number

Insufficient number

10 nm

Insufficient number

Insufficient number

12 nm

14 nm

17 nm

11 nm

14 nm

13 nm

sonicated

14 nm

Insufficient number

16 nm

14 nm

27 nm

16 nm

Insufficient number

20 nm

17 nm

21 nm

17 nm

15 nm

385

Insufficient number

2.3

2.5

2.7

5.0

Insufficient number

2.2

2.2

4.5

6.2

3.2

38.5

0.23

0.25

0.27

0.5

0.22

0.22

0.45

0.62

0.32

2.0x10%°

<1.4x10%5

1.5x1016

2.8x101°

7.1x10%

3.8x10%

<9.5x1015

1.3x1016

1.2x1016

2.1x1016

3.5x10%

2.5x10%



Results pristine E174

Difficult to obtain representative size
distributions
 Few particles
« Non-homogeneous particle distribution
 Flakes are large and smooth
« Some samples contain higher amount of NPs
and colloidal fraction
SP-ICP-MS: 10%5-101% NP per kg E174
Median values of Feret min values: ¥10-20 nm

Reactivity of silver = bottleneck sample
preparation

—Tailored sample preparation methods for
dispersing Ag may lead to artefacts
(Demonstrated for pH, PVP, acetone, sonication)

—Examined Ag materials react differently
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Conclusions E174

Few nanosized particles in pristine E174
Larger nano-sized fraction in products containing E174

Hypothesis: processing of E174 in products induces formation silver NP

« More nano-sized particles in the products than in the pristine materials

« The surface structure of E174 in products is altered (release associated?)
« Mechanisms of formation of NPs :

 De novo formation from Ag* by chemical reactions between E174 and
reducing agents (PVP, acetone, proteins,...) in the dispersion medium

« Physical treatment, mimicked by (too high levels of) sonication energy,
For risk analysis:

« Applied amount of pristine E174
 Modification of E174 (particle) properties induced by processing

%iensano be
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Titanium dioxide (E171) in food

EC approved food additive (EC 1333/2008)
Authorized to be used as color in foodstuffs, widely used

Applications applied on refractive properties (shiny coating, UV protection)
Several crystal structures, such as anatase and rutile

Intended and assumed to be present in the bulk form




Purchase of E171 materials

Reference materials

Pristine materials purchased from different European websites
Powders, flakes

E171 containing food products purchased from several local
stores

sugarbeans, candy, chewing gum, cake decoration, ...




Reference materials: NF@-Ti-002, and RTMs NM-100
and NM-103

Size: TEM: median Feret min: NF@-Ti-002: 94.8 nm, NM-100: 100.1 nm, NM-103:18.2 nm
SP-ICP-MS: median ESD: NF@-Ti-002: 90 nm, NM-100: 107 nm




Measurement uncertainties based on

reference materials

S days
Uncertainty associated to repeatability: u, (%) 1.9 2.1
Uncertainty associated to intermediate precision: u,, (%) 2.1 25
10 positions Uncertainty associated to trueness: uy, (%) 3.6 3.9
Measurement uncertainty (k = 2): U, (%) 8.5 9.2
gﬁ _ Top-down estimation of the measurement uncertainties:
- SClensano TEM: measurement uncertainty (k = 2): U, = 8-10% tﬁ

SP-ICP-MS: measurement uncertainty (k = 2): U_, = 16%



Sample preparation

De-agglomeration by pH adjustment

_ NF@-Ti-002
NF@-Ti-001 -

o 2 1]
S o] _ e Anatase
=10 Rutile 20 -
20 - & -30 |
230 g0
s 2 50

-40 s -60 -
© D
E -50 4 N -70

80 — T -80 T

5 10 0 5 10 15
pH pH

Calibrated probe
-sonication




lllustration: pristine TiO2, anatase

Mean (mV) Area (%) StDev (mV)
Zeta Potential < Peak1: -36.9 993 766
Zeta Deviation (mV): 803 Peak 2 7.33 07 281
Conductivity (mSicm): 1.06 Peak3: 0.00 0.0 0.00

Result quality : Good

Zeta Potential Distribution

400000

300000

200000

Total Counts

100000

-100 0 100 200
Apparent Zeta Potential (m\/)

Record 73: R104E dil 1:10 7mM NaCl2]

o E-JRCTiO, (anatase)
s | Feret Min

M Sonicated
7 4

M Non-sonicated

Normalized frequency

2 42 82 122 162 202 242 282 322 362

Particle size (nm)




COMNMIISSION REGULATION (EU) No 231/2012
of 9 March 2012

laying down specifications for food additives listed in Annexes II and III to Regulation (EC)
No 1333/2008 of the European Parliament and of the Council

(Text with EEA relevance)
(OT L 83, 2232012, p. 1)
E 171 TITANIUM DIOXIDE

Syvnonyms CI Pigment White 6

Definition Titanium dioxide consists essentially of pure anatase and/or rutile
titantum dioxide which may be coated with small amounts of
alumina and/or silica to improve the technological properties of
the product.

The anatase grades of pigmentary titanium dioxide can only be made
by the sulphate process which creates a large amount of sulphunc
acid as a by-product. The rutile grades of titanmum dioxide are
typically made by the chlonde process.

Certain rutile grades of titanmm dioxide are produced using mica
(also known as potassium aluminum silicate) as a template to form
the basic platelet structure. The surface of the mica 1s coated with
titanium dioxide using a specialised patented process.

Rutile titanium dioxide, platelet form 1s manufactured by subjecting
titantum  dioxide (rutile) coated mica nacreous pigment to an
extractive dissolution in acid followed by an extractive dissolution
in alkali. All of the mica 1s removed during this process and the
resulting product 1s a platelet form of rutile titanium dioxide.




COMNMIISSION REGULATION (EU) No 231/2012
of 9 March 2012

laying down specifications for food additives listed in Annexes II and III to Regulation (EC)
No 1333/2008 of the European Parliament and of the Council

(Text with EEA relevance)
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STEM TiO,
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Si signal

IMISSION REGULATION (EU) No 231/2012

of 9 March 2012

for food additives listed in Annexes II and IIT to Regulation (EC)
D08 of the European Parliament and of the Council

(Text with EEA relevance)

(OI' L 83, 2232012, p. 1)

CI Pigment White 6
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Certain rutile grades of titanmum dioxide are produced using mica
(also known as potassium aluminum silicate) as a template to form
the basic platelet structure. The surface of the mica 1s coated with
titanium dioxide using a specialised patented process.

Rutile titanium dioxide, platelet form 1s manufactured by subjecting
titanium  dioxide (rutile) coated mica nacreous pigment to an
extractive dissolution in acid followed by an extractive dissolution
in alkali. All of the mica 1s removed during this process and the
resulting product 1s a platelet form of rutile titanium dioxide.
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Rutile titanium dioxide, platelet form 1s manufactured by subjecting
titantum  dioxide (rutile) coated mica nacreous pigment to an
extractive dissolution in acid followed by an extractive dissolution
in alkali. [All of the mica 1s removed dunng this process|and the
resulting product i1s a platelet form of rutile titanium dioxide.




E171 pristine: anatase

Minimal Feret diameter (nm)

-----n

Modal Min. Feret diameter (nm)
Median Min. Feret diameter (nm) 87 88 92 89 83 86

%iensano be



E171 pristine materials: rutile

_ 0035
[}
N
£ 0030
E 0.025
B
2 0020
=
8 0015
B
g 0.010
£
3 0005

0.000

Minimal Feret diameter (nm)

-nn

Mode Min. Feret diameter (nm) +/-30 +/-30
Median Min. Feret diameter (nm) 30 +/-30 +/-30

%iensano be



E171 in products:

Silver pearls

Colorful button-shaped
chocolates

[] Feret Min Diameter, normalized frequency
—e— Feret Min Diameter, normalized, cumulative frequency
see

150 200 250 300
Particle Size (nm)

Normalized frequency (%)

anatase

L——1 100 nm

[ Feret Min Diameter, normalized frequency
—s— Feret Min Diameter, normalized, cumulative frequency

LYYV VY YYYYYYYYYyY)

300 350 400

Particle Size (nm)

Chewing gum

[0 Feret Min Diameter, normalized frequency
—s— Feret Min Diameter, normalized, cumulative frequency
PR

0 50 100 1S0 200 250 300 350 400

Particle Size (nm)

Normalized frequency (%)

Normalized frequency (%)




E171 products: rutile

E171 in matrix E172 (iron oxide) and E153 (vegetable carbon)

ipm  JRC 3 2017
WD 10.0mm 16:01:33




Conclusions E171

o Several types of TiO, nano-sized particles are found in pristine E171
and in products containing E171

o E171: Less difficult sample preparation: no transformation between
pristine materials and products
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Lessons learnt
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Implementation of legislation and

guidance

Challenge to build up specialized expertise and analytical capacity

= Top-technologies

Conventional TEM
Advanced ICP-MS (Sciensano Tervuren)

Analytical SEM (SEM-EDX, visiting scientist JRC Geel)
Analytical TEM (Sciensano Ukkel, just installed, 1 mio euro)

= Development and introduction of new methodologies (SOPs)

Sample preparation
Identification and analysis of individual (primary) particles: size, shape, surface and elemental composition

= Complex validation approach, with few reference materials

=> Analytical capacity

High degree of automation |*
Standardized data analysis & reporting of number-based results

= Search for collaborations, project opportunities, market

1
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Next steps

Much more analyses...

Further methodology development:

- Automation to increase capacity
HAADF-STEM-EDX platform: Talos — Velox — Mapps - AVIZO

- Sample preparation
Market study (+ risk analysis)

Compulsary notification to Belgian FAFS
Difficulties applying/interpreting current legislation (definition)

Open communication

%iensano be



Experience in context of "JEFSA Guidance on risk

assessment of the application of nanoscience ...

Phys.-chem chapter in EFSA guidance provides general directions.

To be more practical, it could profit from:

* More detailed descriptions of approaches and methods,
« Guidance to «best practices» and later, to standardised methods (CEN)

* lllustrated in examples,
« Aim: to be implemented in MS (control and service) laboratories.

BE proposes WG in context of network for nanotechnologies
(possibly liason with SANTE-JRC initiative « Nano in food: MS laboratories)

? Support of other member states?

%iensano be
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