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METROLOGY STUDY GROUP

ISOTC 229 N 673

ISO/TC 229 - IEC/TC113/TWG2_N095revl

Metrological check-list

for use in the preparation and evaluation of ISO NWIPs and ISO WDs

1 | Hasthe system/ body/ substance that will be subjected to the measurement
procedure, clearly been described, including its state?

Example: 'suspension of nanoparticles’

2 | Is the definition of the system / body / substance not unnecessarily restrictive?

Example: thereis no need for a standard specific for 'metallic impurities in carbon nanotubes’if
the proposed measurement method is equally applicable for any impurity in any matrix

@ o
(vl w)

[E)]
oo

3 | Is the measurand clearly described?
Example 1: "average particle size in terms of particle volume' is different from 'average particle
size in terms of particle number’

@ o
oo

4 | Has it been clearly indicated whether the measurand is operationally or method-
defined, or whether the measurand is an intrinsic, structurally defined property?
Example 1: 'hydrodynamic diameter of particles in suspension’ is method-defined: the motion of
particles in the liquid depends also on the liquid in which the particles are suspended.

Example 2: "particle size as measured with a microscope in vacuum' is not method-defined: after
degassing, the size of the particle measured is the same, independent on the type of microscope
used (optical, electron, ...).

@
(w)w)

that is method defined, an agreed documentary standard is needed to

National Institute of Standards and Technolog, epartment of Commerce

45



ENV/JM/MONO(2014)15/ADD

MATRIX APPROACH FOR SWCNTS

WG2_N007.12
Property Method
SEMEDX TEM Raman UV-Vis-NIR NIR-PL/ TGA TG-MS
¢ L eadUe s (Lead:USA, Spectroscopy Absorption Fluorescence (Lead:USA, Lead-J
ategory (LeadURA) Co-lead:Japan) (Lead:U 84) (Lead:Japan) (Lead:Japan) Co-lead:Korea) (Lead:Japan)
Tube structure, | Wall structure
Moreholo bundle amorphous carbon
phology thickness, | metal catalyst
orientation coatings
Carbonaceous Nmr.»-camun cun}em
- Non-carbon | Tube surface  |Nanotuge and non- content (Quantitave) | carnon content
uriy impurities cleanliness nanotube carbon (Quartitative) (Quantitative)
. Mon-CINT content
(Lead:USA) p
! (Quantitative)
Length and Length and Tube diameter, Diameter Diameter D .
Diameter diameter | mefal clustersize | (LeadJapan) (Lead-Japan) BmEter
Wetalic/ Ser’r:.;lce;?!jcting Chirally
TubeT e (Semi conducti
ube Type Semiconducting | (Leac USA, Colead: | 1m0
Korea) !
Dispersability/ . Tube bundiing or
Solubility Tupz buncling separation (solution) Tube bunding
. Oxidationfransition | Oxidationtransition
Additional
temparatures temparatures

National Institute of Standards and Technology, U.S. Department of Cormmerce

MATRIX approach for SWCNTs

WG2_N007.12
Property Method
‘ TEM Raman UV-Vis-NIR NIR-PL/ TGA
SEM"EDX (Lead:USA, Spectroscopy Absorption Fluorescence (Lead:U SA, TG"MS
Category (LeadUSA) | ¢ leag-dapan) | (Lead:USA) {Lead:Japan) (Lead:Japan) | Codead:Korea) | (-S24+2pam)
Morphology @ )
| i in | ] i + |
- N Mg b
urity PG2 PG1 i PG8 PG3 PG4 . PG7 PG6
2007.4 | 2007.4 | 2007.9 | 2007.5 | 2007.5 _ 2007.8 | 2007.8 |
Length and 13 a1 3 1 1 .23 20
Diameter 1
| USA | 1 i 1T UsA | |
Tube Type USA Japan USA | Japan ol Japan Korea Japan
Dispers ability/
Solubility s n)
Additional 9 '|e
NIST National Institute of Standards and Technology, U.S. Department of Commerce
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MATRIX APPROACH FOR MWCNTS

Category Property Method WG2_N007.12
Purity Moisture content Weight loss measurement (%)
Purity Ash content Weight loss measurement (%)
Purity Metallic residual content XRF

Purity Metallic residual content ICP-AES

Purity Volatile content Weight loss measurement (*)
Purity Polyaromatic hydrocarbons GC-MS

Purity Carbon materials excluding CNT{SEM and/or TEM

Physical properties  |Burning _properties TG/DTA

Physical properties

Resiliency {Compression

Density and resiliency

Physical properties

Bulk Density

Bulk density measurement

Physical properties | Specific gravity Pycnometer
Physical properties | Specific surface area BET
Physical properties | Stacking nature XRD
Physical properties | 8tacking nature TEM

Physical properties

Electric resistivity

Volume resistivity

Geometrical property |Disorder Raman Spectroscopy
Geometrical property [Morphology SEMand/or TEM
Geometrical property [Morphology (Bl-iey'::':]c?y:\aat:zc
Geometrical property [Morphology (BseEn“t’:lli]ng ratio
Geometrical property |Inner diameter TEM

Geometrical property |Outer diameter SEMand/or TEM

(Geometrical prope

National Institute of Standards and Technology, U.S. Department of Cormmerce

SEM and/or TEM

MATRIX APPROACH for MWCNTSs

‘Category

|Property

|Method WG2_N007.12

NIsT

PG5

2007.5.31 registered as TS ]

Japan

Kor

PG9 (Shape Factor) I
2007.12.11

ea

47

National Institute of Standards and Technology, U.S. Department of Commerce



ENV/JM/MONO(2014)15/ADD

MATRIX APPROACH for MWCNTSs

WG2_N007.12

‘Category |Property |Method

Nanotechnologies -- Characterization of multiwall carbon
nanotube (MWCNT) samples (ISO/TR 10929)

Nanotechnologies -- Characterization of multiwall
carbon nanotubes -- Mesoscopic shape factors (ISO/TS ||
11888)

NIST National Institute of Standards and Technology, U.S. Department of Commerce

OTHER WORKING PROGRAMMES

PGN{  Doc. No. Title Status
o025 Nanomaterials — Quanhﬂcaﬂon of nano-object release Published
from powders by generation of aerosols
I — Nanotechnologies — Description, measurement and Published

dimensional quality parameters of artificial gratings

Nanotechnologies - Determination of elemental
T$13218  |impurities in samples of carbon nanotubes using Published
inductively coupled plasma mass spectrometry

1

o

Nanotechnologies -- Guidance for developing nanoscale test Printing

1 o ‘ : .
materials in powder form for improving comparability Process

w

TS 16195

TS Use of UV-Vis Absorption Spectroscopy in the
TS 17466 |Characterization of Cadmium Chacolgate Semiconductor WD
Nanoparticles (Quantum Dots)

1

.

1 TR 18196  |Measuremet Method Matrix for Nano-objects WD

EEmr———————

a
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Nanotechnologies — Measurement method
matrix for manufactured nano-objects

Scope

This Technical Report provides a framework for identifying
measurement methods for the physicochemical parameters
of nano-objects that most commonly need to be measured.

Note 1: This technical report is limited to commercially available
methods.

Note 2: Both standardized and unstandardized methods are listed in this
document. Some methods are standardized for general nano-objects but
some are written for specific nano-objects, e.g. for CNT.

National Institute of Standards and Technology, U.S. Department of Cormmerce

Findings:

* Protocol conformed to ISO
metrology checklist and
guidelines

Round rohin gav

similar to refere

nominal size

Statistical analysisidentified intra-

and interlab tionsin sample
hich appearto relate to

image processing methods.

Next steps:
Study discrete nanoparticles (gold, and then colloidal silica), aggregated primary
particles (titania and carbon black), and non-spheroidal discrete nanoparticles
(nanorods and nanodisks). These will be used to develop generic guidelines, with
specific case studies cited as appendices.
Also, we have more statistical work to do on the current data set; this will help
establish statistical protocols for the next case studies.
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TEM RR Study Group

IMAGE PROCESSING

IMAGE CAPTURE, PARTICLE OUTLINES (MAX AND MIN
FERET DIAMETERS)

NIST National Institute of Standards and Technology, U.S. Department of Commerce

Possible Future JWG2 Directions

1
Property Method WG2_NO007.12
SEMEDX TEM Raman UV-Vis-NIR NIR-PLI TGA —
Cat Lead:USA (Lead:USA, Spectroscopy Absorption Fluorescence (Lead:U SA, Lead:lan
ategory (LeadUSAl | oo ead-azpan) | (Lead:UsA) [Lead:Japan) (Lead:dapan) | CodeadKores) | (-e3d~apan)
Tube structure, Wall structure
bundle amorphous carbon
Morphology thickness. metal catalyst
orientation coatings
Carbonaceous Mon-carbon EUH?EHI
Purit Mon-carbon Tube surface MNanotube and non- content (Quantitaive) MNan-carbon content
urity impurties cleanliness nanotube carbon (Quantitative) (Quantitative)
Mon-CINT content
(Lead:USA)
: (Quantitative)
Length and Tube diameter Diameter Diameter Diamet
diameter | mefal cluster sge | (LeadJapan) (Lead.Japan) lameter
SIZE Vetalic Chialts
Wetallic/ Semiconducting - -
Semiconducting | {Lead: USA Colead (Semi Condﬁucﬂng
tubes)
Korea) :
Dispers ability/ Tube bunding or .
Solubility Tube bunding separation (solution) Tube bunding
Additional Oxidationfranstion | Oxidationtransition
temparatures temparatures
NIST National Institute of Standards and Technology, U.S. Department of Commerce
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Possible Future JWG2 Directions

Materials SEM for nanoparticles
UV-Vis for nanoparticles

Measurement
Methods

National Institute of Standards and Technology, U.S. Department of Cormmerce

POSSIBLE NEW WORK ITEMS TO BE
DISCUSSED NEXT WEEK

9.1 Single Particle ICP-MS, NEN

9.2 Characterization of Zinc Oxide
Nanoparticles/Quantum Dots using TEM, BIS

9.3 Nanocellulose characterization, CSA

9.4 Superhydrophobicity of Textiles - Characteristics
and Measurement Methods, DIN

9.5 The Analytical methods and Tiered approach for
Identifying Nanomaterials to the definition, JISC

NIsT

National Institute of Standards and Technology, U.S. Department of Commerce
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OTHER ITEMS THAT HAVE BEEN
DISCUSSED AS IMPORTANT

Other target materials

particles, coating, composite and porous material
Silver, MWCNT, SWCNT, Liposomes, Quantum Dots
Nanocellulose, Aluminum pigments, Fuel cell catalytic-Pt, Graphene,
Nanoclays, Food-relevant

Other properties

Electrical, Magnetic, Mechanical, Optical

Sample Preparation/handling, General-Property Specific
also performance property Is there nano in there?
Concentration/Dose, Nanoparticle coatings, Surface topography,
Catalytic characterization

Other measurement methods

Partition function, Scattering(X-ray, neutron, light), SPM, XPS, XRD,
BET AFM._Combination

NIST National Institute of Standards and Technology, U.S. Department of Commerce

DISCUSSION POINTS

* How to deal with the lack of scientific readiness for
guidelines/standards

* Sample heterogeneity limits applicability of assessing
guideline
*  Butcan we use OECD data to assess a measurement?

* Asitis VERY unlikely a single measurement will suffice for
any endpoint

*  “Dynamics”

* Cansome “sample specific” bins be developed

* A publication is NOT validation
* But it is needed-how to achieve

* Reference or representative materials

*  Where to start-highest priority from OECD to 229

NIST National Institute of Standards and Technology, U.S. Department of Commerce
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THANK YOU!

NIST National Institute of Standards and Technology, U.S. Department of Commerce

ISO TC 229 JWG 2
MEASUREMENT AND CHARACTERIZATION

Published: 8 1SO characterization protocols

« Carbon Nanotubes; both single and multiwall

» Generic dimensional metrology
Strongly support other working groups, esp. WG3 and WG4
Under development:

+ Quantum Dots metrology

+ Generic Measurement Method Matrix

+ Round robin study group to determine primary particle size distribution
using transmission electron microscopy

New Areas of Future development:
» Graphene TR to be submitted this fall-Joint with IEC TC113
+ Concentration and NP Coating Metrology
« Nanocellulose

53



ENV/JM/MONO(2014)15/ADD

Nanoscale .
13 | TS 16195 Test Materials Printing Process 30.99
14 | TS 17466 | Q-Dots WD 10.99
15 |TR18196| M3 WD 20.00

National Institute of Standards and Technology, U.S. Department of Cormmerce

nanoMark system

‘ STRUCTURE OF NANOMARK

COIW

re vl L J.J.]

nanoMark Committee

Operation

office

Technical
Committee

Testing standards

+ Functional improvement

Nano test report
Functional test report

- Nano property -
Testing labs

NsT

Started on Nov. 2004

’ nanoMark
logo

Meaning:
1.circular shape represents
nanoparticles
2. == implies unlimited
possibilities of nanotech
applications.

G Peng (TR TawardBH SMANM-2(2006 /05/25)

National Institute of Standards and Technology, U.S. Department of Commerce
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PUBLISHED ITEMS (2012.3-)

Reference Document title Stage date

ISO/TR 13014:2012 Nanotechnologies — Guidance on physico-chemical characterization of engineered 2012-05-08
nanoscale materials for toxicologic assessment

1SQ/TS 10797:2012 Nanotechnologies -- Characterization of single-wall carbon nanotubes using transmission  2012-05-29
electron microscopy

ISO/TR 13014:2012 Nanotechnologies -- Guidance on physico-chemical characterization of engineered 2012-07-13
nanoscale materials for toxicologic assessment -- Technical Corrigendum 1

ISO/TR 11811:2012 Nanotechnologies -- Guidance on methods for nano- and microtribology measurements ~ 2012-08-15

IEC/TS62622:2012 Artificial gratings used in nanotechnology -- Description and measurement of dimensional 2012-10-05
quality parameters

1SO/TS 12025:2012 Nanomaterials -- Quantification of nanc-object release from powders by generation of 2012-10-29
aerosols

1SO/TS 14101:2012 Surface characterization of gold nanoparticles for nanomaterial specific toxicity screening: 2012-11-05
FT-IR method

1SO/TS 12901-1:2012  Nanotechnologies -- Occupational risk management applied to engineered nanomaterials - 2012-11-13
- Part 1: Principles and approaches
ISO/TR 13329:2012 Nanomaterials - Preparation of material safety data sheet (MSDS) 2012-12-10

1S0/TS 11931:2012 Nanotechnologies -- Nanoscale calcium carbonate in powder form -- Characteristics and ~ 2012-12-14
measurement

1S0/TS 11937:2012 Nanotechnologies — Nanoscale titanium dioxide in powder form -- Characteristics and 2012-12-14
measurement

N

National Institute of Standards and Techn

y, U.S. Department of Corir:nerce

SCHEDULE

2013, 4t March - 8t" March

*  Queretaro (Mexico)
2013, November

+ XXX (Brazil) (P)
2014, November

XXX meeting (India)

NIST National Institute of Standards and Technology, U.S. Department of Co,
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STUDY GROUP ON NANO-

MATERIALS CHARACTERIZATION
T ReBotfion NS 8 B0A Brescia)

ISO/TC 201 resolves to establish a study group on “nano-materials
characterisation” with Dr. D. R. Baer as leader. Don.baer@pnnl.gov

What the big deal about nanomaterial characterization?

Complexity

Particles mostly surface

Deliberate and accidental coatings
Easily damaged

Can change with time and environment

0 day

20 nm

20 nm

National Institute of Standards and Technology, U.S. Department of Cormmerce

Tiny traits cause big headaches

Nanotech medicines held up by lack of particle characterization.

Daniel Cressey FROM NATURE NEWS SEPTEMBER 2010

"Characterization is the biggest challenge to this field," Simon
Holland, GlaxoSmithKline

"Everybody accepts that as an academic community we haven't

been characterizing enough," Kenneth Dawson, University
College Dublin

http://www.nature.com/news/2010/100914/full/467264b.html

‘ Nanoparticles designed for medical application ‘

NIST National Instiiiite of Standards and Technology, U.S. Department of Commerce
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A 2adma.2 ; -
DOL: 10.1002/adma. 200701760 N FJ,\F“PE) &

Nanobiomaterials and Nanoanalysis:
Opportunities for Improving the Science to =X ©

Charactorzed
implanted

Benefit Biomedical Technologies™* 1;2/ \%&
T Jit

By David W. Grainger® and David G. Castner

Nanomaterials advocated for biomedical applications must
exhibit well-controlled surface properties to achieve optimum
performance in complex biological or physiological fluids.

However, current literature is replete with many examples of
nanophase materials, most notably nanoparticles, with little
emphasis placed on reporting rigorous surface analysis or
characterization needed to validate structure-property
relationships for biomedical applications.

MANY NANOPARTICLE ANALYSIS

what does et DEEAND CHALLENGES

+ Particle/grain/film/structural unit size(s) & distribution
+  Grain, , film morphology
+ Agglomeration state/aggregation
What is the material made of?
(chemical compaosition and structure)
(including levels of impurities)

+ Elemental, chemical and/or phase distribution (including surface composition and
surface impurities)

How a material interacts with its surroundings?
+ Surface area and surface charge
+ Surface chemistry, including reactivity, hydrophobicity
Overarching considerations:
« Stability
+ Environmental effects

Directly linked to TC201 techniques

http://www.characterizationmatters.org and
Boverhof, D.R. and R.M. David, Analytical and Bioandalytical Chemistry,

National insticute of Standards and Technology, U.S. Department of Commerce
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Activities initiated by email request for participation and
identification of important topics

Dear Nanotechnology Researchers and 1SO TC201 Participants,

ISO Committee TC201 on Surface Chemical Analysis has initiated a study group on
nanomaterials characterization with a focus on methods within the purview of the
committee. This activityfollows a technical report I1SO 14187:2011 — surface
chemical analysis— characterization of nanomaterials (see summary in Surface and
Interface Analysis44 (2012) 1305-1308). The technical report was prepared by
TC201 with input and cooperation from ISO TC229 on Nanotechnology. The
purpose of the study group is to assess the needs and opportunities for standards
or guides related to nanomaterials from the perspective of TC201 with the
importantinput and coordination with SO TC229.

| am writing to request your input into this study group in two ways:

1) Areyou willing to participate in this group or do you have recommendations
for other participants.

2) Suggest topics that you consider important and for which the time is
appropriate for a standard or guide.

NIST National Institute of Standards and Technology, U.S. Department of Commerce

Email continued - Identifying topics

There are a number of groups interested in the characterization of
nanoparticles and other nanomaterials. Based on some of these interactions
a list of possible topics for a standard or guides is listed below.

Please indicate if you think any of these are particularly relevant or important
or suggest other essential topics that we should consider:

* Guide for preparing nanoparticles for surface chemical analysis.

* Standard for reporting the history and procedures used to prepare
nanoparticles for surface chemical analysis.

* Standard practice for determining thickness of coating on nanoparticles
using XPS.

* QOther possibilities for SIMS, SPM, or other methods?

NIST National Institute of Standards and Technology, U.S. Department of Commerce

62



ENV/JM/MONO(2014)15/ADD

Interested Study Group Participants — 26 from 7 countries

Vikram Kestens Belgium- JRC-GEEL

Gert Roebben Belgium-JRC-GEEL

‘Wolfgang Unger Germany-BAM

Thorsten Dziomba Germany-Physikalich-Technische Bundesanstalt

G. Sundararajan India-ARCI Expressed InterESt
Ajay Karakoti India-Battelle-India from TC 201,

Satya Kuchibhatla India-Battelle-India TC229 a nd Dther

B. 5. Murty India-1TM sources

BLV Prasad India-National Chemical Laboratory

Daisuke Fujita Japan-NIMS.

Toshiyuki Fujimoto tzpan NMIL/ATT More participants
Alex Shard UK-NPL welcome:

CharlesClifford UK-NPL Don.baer@ pn nl.gov
Frederick Klaessig USA- PA bio-nano systems

Sudipta Seal USA- University of Central Florida .

Heather Banko USA-ANS| Will be formally
Vincent Smetkowski vsace added to study group
Marina Dobrovolskia USANCI by request by national
Angela Hight Walker USA-NIST bodies to ISO.

Cedric Powell USA-NIST

Don Baer USA-PNNL

GalyaOrr USA-PNNL

Marvin Warner USA-PNNL

Amy Walker USA-Univ Texas - Dallas

James P. Hamilton USA-Univ Wisc Platteville

'=Dave Castner IA-University of Washinzton

Pr®.S. Department of Cornmerce

General Comments

“This is a critical issue for many technologies, and it seems to me that we
need best practice guides and other guidelines for their analysis. | have
worked with several companies in the last year, who have been struggling
with characterization issues for nanomaterials. Your suggested topics are
absolutely critical.”

“There is a cleft in our thinking between particulate materials that may be
nanoscale and macroscopic surfaces that may have a nanoscale layer (film,
coating, membrane, layer). Lost in this discussion is the fact that
particulate matter has a surface that must be different than the substrate
material and how best to describe that surface chemistry.”

“I wish I had time to participate on this effort. | am buried with other
substantial advisory and committee work to a level that | cannot
responsibly participate here. Never the less | have some suggestions..... “

NIST National Institute of Standards and Technology, U.S. Department of Commerce
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SUGGESTED AREAS WHERE
STANDARDS OR GUIDES ARE NEEDED:
GQNEBAIEJ% ucEeSiaI people about the necessity of the

guidance for determination of the material representative values from
the measurements. So the preparation should not be only for the single
measurement but also include a statistical consideration.

| believe there are several other critical issues that also need to be
addressed. Broadly these are: 1) quantification, 2) data handling and
analysis including Kinetics, 3) appropriate methods/combinations for
multi-technique analysis.

In my opinion, standards or guidance for the preparation of
nanoparticles for surface analysis is the most urgent item.

Develop Standards for all those handling nanoparticles for investigating
their interactions and impact in/on the environment and living systems.

National Institute of Standards and Fechnology, U.S. Depaitment of Cormnmerce

SUGGESTED AREAS WHERE
STANDARDS OR GUIDES ARE NEEDED:
COATINGS AND INTERFACES

» Standard practice for determining thickness of coating
on nanoparticles using XPS

o Particularly interested in thickness determination of
coatings on NPs.

o We should be certain that it includes the characterization
of organic coatings, inorganic coatings, as well as
oxides.

e Itshouldalsoinclude techniques such as AES and APT

» How to define an interface when nanoparticles arein a
matrix or when nanoparticles are coated

National Institute of Standards and Technology, U.S. Department of Commerce
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SUGGESTED AREAS WHERE

STANDARDS OR GUIDES ARE NEEDED:
SPM_QIZE AND QIZE NISTRIRIITIONG

e My suggestion, standard practice for determining dimensions and
morphology of nanoparticles using SPM.

It may be possible to initiate standardisation of SPM for
nanoparticle size characterisation, for Example with prenormative
work in VAMAS.

e Development of dependable procedures that lead to a “known” size
distribution.

e When talking about size of a nanoparticle - how appropriate is it to
use just one dimension - as often they

e What is (are) the essential technique(s) (Or their combinations) that
should be used to report the size of nanoparticles are not necessarily
spherical

e Shape dependency is another gray area
NIST

National Institute of Standards and Technology, U.S. Department of Cormmerce

Suggested areas where Standards or
Guides are needed: Other Topics

» Standard materials approvals and availabilities for
comparative studies

* My suggestion is more on the colloidal chemistry side, which
means wettability (contact angles) and functionality (ability
to undergo further reactions). Dispersal in the environment
and disposition within the body will be a balance of
hydrophilicity and surface reactivity of particulate matter.

* Develop endotoxin (LPS) testing of nanomaterials - this is a
problem since the current LPS assay methods are
colorimetric and we see anomalous results with current
materials - something we are trying to write up and that the
National Nanocharacterization lab (NCL) should be
concerned with as well.

NIST National Institute of Standards and Technology, U.S. Department of Commerce
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* Because of importance and wide area of interest explore routes
for additional input/more participants

* Register participants to study group

* Circulate current feedback to participants and request additional
input and establish highest priorities

* Communicate with various groups with common interests
(Technical advisory groups, OECD related meeting, ...... )

* Discuss/coordinate needs and plans with ISO TC229 through
TC201 Liaison Officer Dr. Charles Clifford and TC 229 JWG2
Chairman Dr. Toshiyuki Fujimoto. Dr. Clifford will give a
presentation at TC 229 next March

* Explore options for development of a PNWI related to reporting
sample history and handling and/or preparation of samples for
surface analysis (SC2 resolution)

NIST National Institute of Standards and Technology, U.S. Department of Commerce

+ Nanoparticle nomenclature (WG1) Nanopartic|es( M & C)
14.0

msize (other TC?)

chemical purity (WG2)

size distribution (Other TC?) = Chemical purity b
»degree of agglomeration /aggregation (WG2) 120 Size \
@shape (other TC?) . . B

Size Distrib. L
+specific area (WG2) o /3
=chemical structure (WG2) Shape _ $>K
=chemical functionality (WG2) 10.0 a

core composition (WG2) 2

sampling methods for characterization (WG2) g?, 2.0 b4

porosity (WG2) = X

X physical properties - electrical (3-8 years) (WG2/1EC?) 8.0

#strength of agglomerate/aggregates (3-8 years) (WG2)
Specifications - metallic nano-particles: Ag, Al, Au, Co, Cu, Ni, Pd, Pt, 7 -
Ru, Zn + Shape Memory and Magnetostrictive
Specifications - metal oxides: ATO, Al203, Ce02, CuQ, Fe304, ITO,
NiQ, Si02, Tig2. W03, ZnO &0

=dispersability (3-8 years) (WG2)

Specifications - other compound particles: AgCu, BaTiQ3, CuNi,
MoS2, W32, WSe2 + "Polymers" and "Qrganic" 50
degree of functionalization (3-8 years) (WG2)

Specifications - functionalized particles: Au, Functionalized Fe oxides, LS [DIRRID TSy FEEEr FEY G

5§AM functionalizd particles 18 21 2% 3 35
pecifications - guantum dots (3-8 years). CdS, CdSe, CdTe, GaAs, L
GaN. InAs, InP. Si based Priority
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+ Standard Methods for Toxicological Screening of Nanomaterials 130
mStandard Methods for Determining Relative Toxicity/Hazard Potential Toxicological screening —— ¢
CSthN%nogla\l}etr;]a\%f Select| f P | Protective E t
andard Method for Selection of Personal Protective Equipmen - :
PPE) for Use With Nanomaterials . 1201 Toxicity/Hazard potential —> M
+ Standard Guide for Controlling Occupational Exposures to
Nanomaterials
* Standard Methods to Determine Environmental Toxicity of
Nanomaterials 1.0 4
@Standard Template for Material Safety Data Sheet (MSDS) for b
Products Contam\nF; Nanomaterials
+Standard Methods for Measuring Personal Exposure to Nanomaterials
in Occupational Settm%]s
=Nanomaterial Product Tnformation For Use In Determining Health &
10.0 4 <$»
Safeg Precautions =
Standard methods for determining nanoparticle concentrations in air 2
and water EX
< Standard Methods to Assess Exposure to Nanomaterials During 5
Consumer Product Use 9.0 4
OStandard Method for Performing Risk Assessments on Use of 3 & %
Nanomaterials a
£ Product Safety Standards for Consumer Products Containing -+
Nanomaterials Al
Standard Method to Assess Product Degradation and Release of 20 | ¥
Nanomaterials from Consumer Products ! o
* Standard Method to Assess Emissions from Handling, or Machining of +
Nanomaterial Containing Products
Standard method for defermining physical hazards of nanomaterials
e explosive, flammability, water reactlvrt\ﬁ etc) . 70
+Standard Method for Reporting Toxicity of Nanomaterials in Consumer :
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Nanostructuredmaterials (composite and porous materials)

10.0 . .
Dispersion of nano-
os | components in materials
*
+Composites - Dispersion of nanascale 00
component ] .
P . Specific Area
Porosity v
B Composites - Volume fraction of 8.5 -
nanoscale component ]
. . . 8.0 |
Composites - physical properties -
mechanical >
517.5 1
@Composites - ageing / particle release 5 +
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7.0
¥ Porous - Specific area
6.5 - @]
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+SPM - Sample preparation

=5PM - Data acquisition
Fundamental porosity (3-8 years)
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Most importantnanotechnology
hreakthroughs since 2000

-

Highly efficient synthesis methods for
carbon nanotubes initiated a brake
through in the industrial usage of CNTs

+Inhalation testing (WG3)
OToxicology testing (WG3)
Exposure determination — ambient air (WG3)
Safe handling (WG3)
:x Diameter distribution (WG2)
©Sampling methods for characterization (WG2)
+Exposure determination — water (WG3)
-Length distribution (WG2)
=Nomenclature (WG 1)

7.0 4

Safe disposal including destruction (WG3)
Chemical structure (WG2)

Eco-toxicology testing (3-8 years) (WG3)
Determination of nature and concentration of

contaminants (WG2)
Batch quality (WG2)

50

11.0 4
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Klaus Steinhaeuser - Dispersion Protocols: Outcomes from Previous OECD Expert Meetings
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BETTER POLICIES FOR BETTER LIVES

Querétaro, Mexico
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=
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Introductiops

physico-
chemical
measurements in vitro 1 in vivo
modelling blotestmg I
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Introduction

in vitro

in vive

exposure
(mobility
availablility,
etc.)

+ Dispersion harmonisation necessary?
+ Dispersion preparation = Properties =» Effects
+ Dispersion harmonisation possible?

@/ |!55F I « Comparable characterisation of used dispersions
OECD el

OECD WPMN and its Sponsorship Program

OECD WPMN launched an experimental program with 13
representative manufactured nanomaterials (Sponsorship
program) — Guidance: ENV/JM/MONO(2009)20/REV

16 PC parameters included:

+ Agglomeration/aggregation - Water Solubility/
Dispersibility - Crystalline phase - Dustiness - Crystallite
size - Representative Electron Microscopy (TEM) picture -
Particle size distribution (dry and in relevant media) -
Specific surface area - Zeta potential (surface charge) -
Surface chemistry, where appropriate - Photocatalytic
activity - Pour density — Porosity — Octanol-water partition
coefficient - Redox potential - Radical formation potential

Program nearly completed: Evaluation and Integration Phase

@)
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OECD WPMN - Horizontal Workshops

— Horizontal workshops

+ Inhalation Toxicity (19-20 October 2011 in
The Hague, Netherlands).

» Environmental Fate and Eco-toxicity (29-31 January
2013 in Berlin, Germany).

» Physical-chemical properties (28 Feb-1 March
2013 in Querétaro, Mexico).

+ Genotoxicity [September 2013, in Ottawa, Canadal].

» Grouping of Nanomaterials [April 2014, in
Washington D.C., USA].

+ Toxicokinetics and Mechanistic Issues [early 2014 in
Korea].

@) 15

OECD I

Overview of the GSPD [ENV/JM/MONO(2012)40]

Guidance for Sample Preparation and Dosimetry

« A companion Guidance document to the OECD Test
Guidelines, developed with consideration of the chemical
and physical characteristics of nanomaterials

+ Evolution from Sponsorship Program to the present

» Addresses all physical-chemical properties, effects, and fate
endpoints

* Aliving document

@)
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GSPD: Stock dispersion preparation

ENVIJM/MONO(2012)40
+ Supplementary guidance to OECD TGs on nano-specific test concerns
Reproducible, representative and reliable preparation of dispersions
* Preparation of NM (stock) dispersion as fundamental step
— Homogeneous distribution
— Environmental like conditions
— Characterisation of the starting conditions

Standard operation procedure (NIST, PROSPECT, NANOGENOTOX,
NANOMMUNE, ENPRA, MARINA, ...)

—

R }
i

J_‘_‘L j_ﬂl\
AN e

U Y m—

@)1

OECD Rk

GSPD: Stock dispersion preparation

Stable dispersion (stability reauirements based on e.g.
agglomeration, zeta potential, time frame)

+ Mixing

+ Stirring

* Sonication
— Waterbath
— Probe
— Cup horn

+ Use of solvents or/fand stabilising
agents (e.g. Tween, NOM, PDMS,.."

+ Preparation steps depend on the specific material

+ Preparation can affect the behaviour by e.g. structure defects,
agglomeration, change of the functional groups

@)
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GSPD: Stock dispersion preparation

Preparation of a stable dispersion(stability requirements
based on the following tests — e.g. agglomeration, zeta
potential, time frame)

» |If sonication has to be used for suspension preparation, the applied energy
has to be determined

» Alteration of stock solutions by sonication:
Sound waves=> shock waves / T>/=10.000° K N

- Undesirable alterations to nanomaterials:
Re-agglomeration, sintering of N
nanomaterials, scission of nanomaterials
such as CNTs changes in surface chemistry due to water-generated
reactive oxygen species, degradation of other media components.

/ fc' Implosion
7/ / shock waves

» Test media quality (pH, ionic strength, NOM concentration) should be
harmonised as much as possible between comparative studies

@) 50

OECD K%

Dispersion characterisation

Parameters to characterise the stock dispersion based
on the available instruments and chosen endpoints

- Zeta potential

« Agglomeration

« Particle size distribution

» Mass concentration

« Surface area

« Others e.g. length, morphology, surface functionality

=> Further Development of GSPD regarding measurement and
data interpretation

@)

OECD Inath
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Dispersion characterisation - stability

3000

Characterisation of the
stability of the dispersion
and its dependency on

+ Agglomeration
« Zeta potential

500

@) |H:l|= I Nickel et al. 2013

OECD hEl

2500

N
[
o
=]

Z .average (d.nm)
@
o
=1

1000 -

zetapotential [mV]

@ P25 pH10

mP25 pHY

® P25 pH7
P25 pH5

WPC105 pHY

4 ¢ PC105 pH7

@ PC105 pH10

PC105 pHS5
WUV Titan M262 pHS
+ UV Titan M262 pH7
@ UV Titan M262 pH10

+

:

-40
-50

UV Titan M262 pHS =
UV Titan M262
P25 ANEA ftan
- H
' PC105 *
* @ b
measured directly and after 24 h after suspension preparation
“ ‘
L 4 ;
§ ®P25pHY
# P25 pHT
|+ P25 pHE
#PC105 pHa
PC105 pH7
o PGC105 pH5
& UV Titan M262 pH9

@ UV Titan M262 pHT
# UV Titan M262 pHS

measuring: direct, after 24 h

Round Robin on Dispersion Stability

Round Robin Test with 10 Different Laboratories
*  Preparation according established SOP.
»  Size distribution of the prepared dispersion using DLS

»  Use of ultra pure water (HPLC-grade), same batch of the TiO,
nanomaterials and other chemicals.

»  Tests included:
1. stable polystyrene dispersion

2. stabilised TiO, — P25 dispersion with 100 mg/L were prepared at
the IUTA and sent to all laboratories

3. distributed TiO, — P25 powder was used for the preparation of a
dispersion at each laboratory following the established SOP

ol &

@)
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Round Robin on Dispersion Stability
950 _ /\

I

I

= median H H
650 |+ verage Sonication
waterbath
£ 750 |
c
o 650 |
=
9 550 -
o
0 450 *
®
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150 ; .
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[T} = >
= o £ 5 & = =
@ 0 =
=) o]
= =

Prepared P25 dispersion at the different laboratories

@)

o
OECD |I!'.|! )

Round Robin on Dispersion Stability

Conclusions:

» No stable dispersion by sonication using a waterbath in this study
with the used basic conditions

+ If comparable equipment is used and the dispersion preparaticn
follows a defined and appropriate SOP comparable and
reproducible results can be achieved between different laboratories

@)
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Parameters for stock.dispersions

Other parameters:

Pre-wetting with 0.5 vol% ethanol (or DI water)
* No pre-wetting or

* Pre-wetting of coated (hydrophobic) NMs or

* Pre-wetting of all NMs

Stock concentration
+ Critical Coagulation Concentration (CCC)
+ CCC dependent on the NM type and media conditions

@/ 50

OECD K%

Preparation of Dispersions for Eavironmental Testing

Tiered approach
» Tier |: Preparation of stock dispersion

 Tier Il: Preparation of Exposure dispersion

— Material properties will likely change on addition to more
complex exposure media ( salts, buffer components, nutrients..)

— Homogeneous exposure over longer time periods (Is more than
20% loss acceptable?)

- Tests in more than one media, variation of different parameters
(pH, IS, NOM content, NOM speciation [type of humic / fulvic
acids, polysaccharides], hardness)

+ Tier lll: Conducting the test
- Semistatic exposure preferred against flow-through

@)

OECD :!'.Ii I
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Preparation of Dispersions for Environmental Testing

50 -4 Dl water
| 4 |--#--5mg/L NOM
401 A ~A--0.001M CaCl2
30 ""f'-:-.« . |®-0,001M CaCI2 + 5 mg/L NOM
> b
E 20 | R
T 10
s , A
5 + .
3 0
Q. ‘\
@ ;
£ -10
g ¢t e g . e}
2041 . L. e
A ; ...... L_ ___________ " __‘%___..:.;:l-‘g
O e S o $
-40 ‘ '
4 5 6 7 8 9 10 "
pH
@) [
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Aging of Nanomaterials - Environmental Test

Dissolution Kinetics of Nanosilver

Ag-NPs freshly synthesized —4:—4 Ag-NPs in the environment

Lab. S‘gecies Do 0,Hs = CI Env. S_Qecies
Nanosilver o S " g i Nanosilver
lonic Silver lonic Silver
Ag,S0, ? Kinetics ? i
SUOTEED Siilver Sulfide
A’ solubllityy - gilver Chloride
Ag,S Silver-NOM

Thiols, K=1012
K,=5.92.10 )

Initial organic coatin

Affect stabili d
AR She o How NOM affect the

stability of Ag,S ?

i
W { Medium-term Long-term

Levard, etal 2012. ES&T

AN il
450
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Aging of Nanomaterials - Environmental Tests

_tl_) — t2
NP + H,0 iy ——— 3t4etc
1 If > x% is
_AW dispersible
t2
NP+ UV physical e — )
degradation Perform NP
1 Characterisation
t
—_— B\
NP+ H,0,0or  Apiotic [ND] t2
HCIO oxidative  fEl T °
degradation . N
+ reducing conditions
t1 ) + sulfidic environment
NP+hydrolase Biotic 2
enzyme hydrolytic | D
degradation ND: non-dispersible D: dispersible S: soluble

il
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Application - Environmental Tests

Application of NM should be chosen in consideration
of the relevant entry pathway

» Dry spiking

+ Wet spiking
— Spiking of water
— Spiking of soil / sediment
— Spiking of food

At Berlin Workshop:
= Application / Spiking: wet spiking should be favoured

=» Dry spiking can be necessary for coated NM and should not be
excluded completely

= Spiking of Food (TG 305)

@)
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Metrics - Environmental Tests

+ Characterisation of the NM in the test system necessary

+ The “right* metric? Dependent on the question?

« At this juncture mass should be used, but - if possible - other metrics
have to be measured

— Mass may be not sensitive enough to be linked with nano-related mode
of actions

— Other examples of relevant metrics (surface area, particle size
distribution, surface reactivity, ion concentration)

— Problem if soluble materials were tested

= At Berlin Workshop mass was preferred but other metrics
should be additionally considered, where appropriate.
Determine concentration of dissolved metal ions (e.g. Ag, Zn)

= Clear prioritisation of important metrics should be made in

OECD
) HI'
95?[) &{0]
Environmental tests for water and soil
compartments
- Tiered approach/decision tree for fate (and ecotoxicity)
tests
1st step: Tests for dissolution and dispersability
(in different media - pH, NOM etc)
2nd step: Detect dispersion stability (aggregation rate,...)
(in different media)
3rd step: Tests biodegradation based on oxidation of organic
carbon (only applicable in few cases - other methods
needed to detect biodegradation of organic coating)
4th step: Tests abiotic degradation by hydrolysis TG applicable;

uncertainty regarding photodegradation
- Guidance should be developed

@)
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Environmental tests for water and scul
compartménts

Establishment of a tiered
approach for

environmental testing of
/\ Nanomaterials
OECD Transformation/

Dissolution Dispersability mmpp Dissolution GD 29 not
applicable

Nanomaterial

—_~—
Overarching issue

Most tests not needed
to be conducted if

no stable dispersion
can be produced

@)
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Processes: Transformation &Degradation
=

Organic molecules Manufactured Nanoparticles
o =Xk
P
O homoageereeation O ﬁ
In2 L g ese
k L — —_— 3 . .. - e ..
;i L1 . dissolution et Jee
——FF > CO,+H,0 e
degradation O
- Kt e ® a
surface ® .

transformation

A. Praetorius et al., Environmental
Science & Technology 46, 2012,
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Processes: Interaction with
Suspended Particulate Matter (SPM)

Organic molecules Manufactured Nanoparticles

- 4@
© K . . ® Koo = Gynss X Koy . 3

(—.' heteroaggregation
sorption

(kinetic process)
(equilibrium) §
‘i )

A. Praetorius et al., Environmental
\\ el Science & Technology 46, 2012,
@) |!;-|: | 6705-6713
OECD h%A

Modelling environmental fate of NM in
aquatic compartment

Mass-Balance Model

Parameters required:

« rate constants for dissolution, transformation

« rate constants for homo- and heteroaggregation

« attachment efficiencies for homo- and
heteroaggregation

@)
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Dispersions in Toxicélogy Testing

> In body fluids higher salinity. NM are often coated by
proteins: protein corona - addition of proteins to test
dispersions (BSA, FBS...) for in vitro tests

» Preparation of aerosols for inhalation toxicity tests:

OECD Workshop on Inhalation Toxicity 2011:
— Aerolization by venturi and further deagglomeration by a jet mill
— ISO 10801: Generation of metal nanoparticles for inhalation
testing using the evaporation condensation method

— Necessary desaggregation depends on exposure scenario (at
production workplaces monodisperse NM may be required in
contrast to uses of NM as powders where smaller aggregates
are acceptable.

— BALF (bronchoalveolar lavage fluid) analyses should be
mandatory requirements in OECD inhalation TGs

®) i

OECD huths

Direct and indirect needs_for Harmonization

Determination of dispersion stability and characteristics

not only important for reproducible sample preparation

for environmental tests! (Indirect needs)

> Dispersion stability TG necessary for determination of fate in
risk assessment.

» Importance of dispersion characteristics for reliable grouping /
read across

Identified ,high level categories” by SG 6 (February 2013)

» Physical chemistry - use of information about physical-chemical
properties in risk assessment

» Environmental Fate and Effects — how to use physical-chemical
properties to conduct and inform on environmental fate and
effects endpoints

@)
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i

OECD Copntéxt

* The principle of Mutual Acceptance of Data
Agreement (MAD) is the basis for internationally
harmonised approaches for testing of chemicals

* The OECD Test Guideline Program (TG) is the
implementing tool of MAD and should:
» be scientifically sound and practical
» contain appropriate balance between flexibility and
harmonisation
» The applicability, reliability and relevance of TGs for
testing and assessment of nanomaterials (as for any
other chemicals) must be ensured.
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BETTER POLICIES FORBETTER L \FF‘;

Thank you for your attention
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