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identification of measurands that characterise nano-objects and materials that contain them
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1- Nano-objects, and their agglomerates and aggregates
¥ Measurand
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ISO 9276-1, Representation of results of particle size analysis - Part 1: Graphical representation

ISO 9276-2, Representation of results of particle size analysis - Part 2: Calculation of average
particle sizes/diameters and moments from particle size distributions

ISO 9276-3, Representation of results of particle size analysis - Part 3: Adjustment of an
experimental curve to a reference model

ISO 9276-4, Representation of results of particle size analysis - Part 4: Characterization of a
classification process

ISO 9276-5, Representation of results of particle size analysis - Part 5: Methods of calculation
relating to particle size analyses using logarithmic normal probability distribution

ISO 9276-6, Representation of results of particle size analysis - Part 6: Descriptive and
quantitative representation of particle shape and morphology

ISO 26824, Particle characterization of particulate systems - Vocabulary

ISO/TS 80004-6, Nanotechnologies - Vocabulary- Part 6: Nano-object characterization
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ISO/TR 18196, Nanotechnologies - Measurement technique matrix for the characterization of
nano-objects

ISO/TR 27628, Workplace atmospheres - Ultrafine, nanoparticle and nano-structured aerosols-
Inhalation exposure characterization and assessment
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ISO 27891, Aerosol particle number concentration - Calibration of condensation particle
counters

EN ISO 28439, Workplace atmospheres - Characterization of ultrafine aerosols/nano aerosols
- Determination of the size distribution and number concentration using differential electrical
mobility analysing systems
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ISO 13320, Particle size analysis- Laser diffraction methods

ISO 21501-1, Determination of particle size distribution - Single particle light interaction
methods - Part 1: Light scattering aerosol spectrometer
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ISO/TS 10797, Nanotechnologies - Characterization of single-wall carbon nanotubes using
transmission electron microscopy

ISO 13322-1, Particle size analysis - Image analysis methods - Part 1: Static image analysis
methods

ISO 13322-2, Particle size analysis - Image analysis methods - Part 2: Dynamic image analysis
methods

ISO 21363, Nanotechnologies - Measurements of particle size and shape distributions by
transmission electron microscopy

ISO/TR 27628, Workplace atmospheres - Ultrafine, nanoparticle and nano-structured aerosols
- Inhalation exposure characterization and assessment

ISO 29301, Microbeam analysis- Analytical electron microscopy - Methods for calibrating
image magnification by using reference materials with periodic structures
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ISO 13322-1, Particle size analysis- Image analysis methods - Part 1: Static image analysis
methods

ISO 13322-2, Particle size analysis- Image analysis methods - Part 2: Dynamic image analysis
methods

ISO/TR 27628, Workplace atmospheres - Ultrafine, nanoparticle and nano-structured aerosols
- Inhalation exposure characterization and assessment

ISO 19749, Nanotechnologies - Measurements of particle size and shape distributions by
scanning electron microscopy
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ISO 17200, Nanotechnology - Nanoparticles in powder form - Characteristics and
measurements

ISO/TS 21356-1, Nanotechnologies - Structural characterization of graphene - Part 1: Graphene
from powders and dispersions

ISO 26824, Particle characterization of particulate systems - Vocabulary
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ISO/TS 10798, Nanotechnologies- Charaterization of single-wall carbon nanotubes using
scanning electron microscopy and energy dispersive X-ray spectrometry analysis

ISO 16700, Microbeam analysis- Scanning electron microscopy- Guidelines for calibrating
image magnification
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ISO 9277, Determination of the specific surface area of solids by gas adsorption- BET method
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ISO 13320, Particle size analysis - Laser diffraction methods
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ISO 13318-1, Determination of particle size distribution by centrifugal liquid sedimentation
methods - Part 1: General principles and guidelines

ISO 13318-2, Determination of particle size distribution by centrifugal liquid sedimentation
methods - Part 2: Photocentrifuge method

ISO 13318-3, Determination of particle size distribution by centrifugal liquid sedimentation
methods- Part 3: Centrifugal X-ray method
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ISO 21501-2, Determination of particle size distribution- Single particle light interaction
methods- Part 2: Light scattering liquid-borne particle counter

ISO 22412, Particle size analysis- Dynamic light scattering (DLS)

ISO/TR 22814, Good practice for dynamic light scattering (DLS) measurements

ASTM E2490-09, Standard guide for measurement of particle size distribution of nanomaterials
in suspension by Photon Correlation Spectroscopy (PCS) [20]

ASTM E3247-20, Standard Test Method for Measuring the Size of Nanoparticles in Aqueous
Media Using Dynamic Light Scattering [21]
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3 Non-negative least squares
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ISO 13320, Particle size analysis- Laser diffraction methods
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ISO 19430, Particle size analysis- Particle tracking analysis (PTA) method

ASTM E2834-12, Standard Guide for Measurement of Particle Size Distribution of

Nanomaterials in Suspension by Nanoparticle Tracking Analysis (NTA) [23]
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ISO 11775, Surface chemical analysis - Scanning-probe microscopy - Determination of
cantilever normal spring constants

ISO 11952, Surface chemical analysis - Scanning-probe microscopy - Determination of
geometric quantities using SPM: Calibration of measuring systems

ISO 13095, Surface Chemical Analysis - Atomic force microscopy - Procedure for in situ
characterization of AFM probe shank profile used for nanostructure measurement

ASTM E2859-11, Standard Guide for Size Measurement of Nanoparticles Using Atomic Force
Microscopy [25]
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ISO/TR 14187, Surface chemical analysis- Characterization of nanostructured materials
ISO 15471, Surface chemical analysis- Auger electron spectroscopy- Description of selected
instrumental performance parameters

ISO 16242, Surface chemical analysis- Recording and reporting data in Auger electron
spectroscopy (AES)

ISO 16531, Surface chemical analysis- Depth profiling- Methods for ion beam alignment and
the associated measurement of current or current density for depth profiling in AES and XPS

ISO 18116, Surface chemical analysis- Guidelines for preparation and mounting of specimens
for analysis

ISO 18117, Surface chemical analysis- Handling of specimens prior to analysis

ISO 18118, Surface chemical analysis- Auger electron spectroscopy and X-ray photoelectron
spectroscopy- Guide to the use of experimentally determined relative sensitivity factors for the
quantitative analysis of homogeneous materials

ISO 20579-4, Surface chemical analysis- Guidelines to sample handling, preparation and
mounting — Part 4: Reporting information related to the history, preparation, handling and
mounting of nano-objects prior to surface analysis

ISO 29081, Surface chemical analysis- Auger electron spectroscopy- Reporting of methods
used for charge control and charge correction
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ISO/TR 14187, Surface chemical analysis- Characterization of nanostructured materials
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ISO/TR 14187, Surface chemical analysis - Characterization of nanostructured materials

ISO 18114, Surface chemical analysis - Secondary-ion mass spectrometry - Determination of
relative sensitivity factors from ion-implanted reference materials

ISO 20341, Surface chemical analysis - Secondary-ion mass spectrometry - Method for
estimating depth resolution parameters with multiple delta-layer reference materials

ISO 20579-4, Surface chemical analysis - Guidelines to sample handling, preparation and
mounting - Part 4: Reporting information related to the history, preparation, handling and
mounting of nano-objects prior to surface analysis

ISO 22048, Surface chemical analysis - Information format for static secondary-ion mass
spectrometry

ISO 23830, Surface chemical analysis - Secondary-ion mass spectrometry - Repeatability and
constancy of the relative-intensity scale in static secondary-ion mass spectrometry
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ISO 14706, Surface chemical analysis - Determination of surface elemental contamination on
silicon wafers by total-reflection X-ray fluorescence (TXRF) spectroscopy

ISO/TS 18507, Surface chemical analysis - Use of total reflection X-ray fluorescence
spectroscopy in biological and environmental analysis
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ISO/TR 14187, Surface chemical analysis - Characterization of nanostructured materials
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ISO 13424, Surface chemical analysis - X-ray photoelectron spectroscopy - Reporting of results
of thin-film analysis
ISO/TR 14187, Surface chemical analysis - Characterization of nanostructured materials

ISO 16243, Surface chemical analysis - Recording and reporting data in X-ray photoelectron
spectroscopy (XPS)

ISO 16531, Surface chemical analysis - Depth profiling - Methods for ion beam alignment and
the associated measurement of current or current density for depth profiling in AES and XPS

ISO 18116, Surface chemical analysis - Guidelines for preparation and mounting of specimens
for analysis

ISO 18117, Surface chemical analysis - Handling of specimens prior to analysis

ISO 20579-4, Surface chemical analysis - Guidelines to sample handling, preparation and
mounting - Part 4: Reporting information related to the history, preparation, handling and
mounting of nano-objects prior to surface analysis
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ISO 10640, Plastics - Methodology for assessing polymer photoageing by FTIR and UV/visible

spectroscopy

ISO/TS 14101, Surface characterization of gold nanoparticles for nanomaterial specific toxicity
screening: FT-IR method
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ISO/TS 11308, Nanotechnologies - Characterization of carbon nanotube samples using
thermogravimetric analysis

ISO 11358-1, Plastics - Thermogravimetry (TG) of polymers - Part 1: General principles
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temperature loss on heating by thermogravimetry
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ISO 10640, Plastics - Methodology for assessing polymer photoageing by FTIR and UV/visible
spectroscopy

ISO/TS 10868, Nanotechnologies - Characterization of single-wall carbon nanotubes using
ultraviolet-visible-near infrared (UV-Vis-NIR) absorption spectroscopy
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ISO 11885, Water quality - Determination of selected elements by inductively coupled plasma

optical emission spectrometry (ICP-OES)

ISO/TS 13278, Nanotechnologies - Determination of elemental impurities in samples of carbon
nanotubes using inductively coupled plasma mass spectrometry

ISO 17294-1, Water quality - Application of inductively coupled plasma mass spectrometry
(ICP-MS) - Part 1: General guidelines

ISO 17294-2, Water quality - Application of inductively coupled plasma mass spectrometry
(ICP-MS) - Part 2: Determination of selected elements including uranium isotopes
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ISO 8573-8, Compressed air - Part 8: Test methods for solid particle content by mass
concentration
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ISO 9276-5, Representation of results of particle size analysis - Part 5: Methods of calculation
relating to particle size analyses using logarithmic normal probability distribution

ISO 10808, Nanotechnologies - Characterization of nanoparticles in inhalation exposure
chambers for inhalation toxicity testing

ISO/TS 12025, Nanomaterials - Quantification of nano-object release from powders by
generation of aerosols

ISO 12154, Determination of density by volumetric displacement - Skeleton density by gas
pycnometry
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ISO 12154, Determination of density by volumetric displacement - Skeleton density by gas
pycnometry
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ISO 8573-8, Compressed air - Part 8: Test methods for solid particle content by mass
concentration

ISO 9276-5, Representation of results of particle size analysis - Part 5: Methods of calculation
relating to particle size analyses using logarithmic normal probability distribution

ISO 13318-1, Determination of particle size distribution by centrifugal liquid sedimentation
methods - Part 1: General principles and guidelines

ISO 16014-5, Plastics - Determination of average molecular weight and molecular weight
distribution of polymers using size-exclusion chromatography - Part 5: Light-scattering method
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ISO 18747-1, Determination of particle density by sedimentation methods - Part 1: Isopycnic
interpolation approach

ISO 18747-2, Determination of particle density by sedimentation methods - Part 2: Multi-
velocity approach
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3 Isopycnic

¥ Of the same density

¥ Low angle light scattering

¥ Right angle light scattering
& Multi- angle light scattering
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ISO 13099-1, Colloidal systems - Methods for zeta-potential determination - Part 1:
Electroacoustic and electrokinetic phenomena

ISO 13099-2, Colloidal systems - Methods for zeta-potential determination - Part 2: Optical

methods

ISO 13099-3, Colloidal systems - Methods for zeta potential determination - Part 3: Acoustic

methods
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3 Colloid vibration current

¥ Electrokinetic sonic amplitude
¥ Dipole moment

¥ Damping
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ASTM A342/A342M-14, Standard Test Methods for Permeability of Weakly Magnetic
Materials [88]
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ISO 11357-7, Plastics - Differential scanning calorimetry (DSC) - Part 7: Determination of
crystallization kinetics
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EN 481:1993, Workplace atmospheres - Size fraction definitions for measurement of airborne

particles

EN 15051-1:2013, Workplace exposure - Measurement of the dustiness of bulk materials - Part
1: Requirements and choice of test methods

EN 15051-2:2016, Workplace exposure - Measurement of the dustiness of bulk materials - Part
2: Rotating drum method

EN 15051-3:2013, Workplace exposure - Measurement of the dustiness of bulk materials - Part
3: Continuous drop method

&b gbasly Y10

Wodojluil 1-Y-10

..\.;|53‘5A sLllgil 092> gl oo @bl o Olobe jo vels slilel sladadss olgicas olge 5l aiws oyl

e 48T Ik g e YN0 a0 e s | b 6y b (SO SN Gle S SSSG ele>
cailoads oM VA Jaaz o baosejlasl .l aisTy, Jbey cusle g ol

1 Vortex shaker

AN




SN\ PO J0) S PRRSRRE T

Ol lo o sLblgil garaddsi plgs 4 bgs o grodejlail -VA Jgus

o9 000 luil 0%0 31wl
&zl Ly dguxe SN S EPREN E13) i )
9y » s
SO | S @wssplS 4y ans | o) Pas<n
3219-1 | ol sliea oo | & Vws S | P 5 ) 5
25 2 2 )ls _ s iS | Pas) gyilS S9AS
ISO I LS eS| <y....Pas
32192 | S s
039 oo0luil 030 31wl
&l Loy sguzo GSRNSSL | edguxe 9 ,
o9 LY
(Pas) 3,15
150 [EARTE 9,015 L)
3219-1 lade PSS | et e
s o folu T )L - S95S5
ISO oadspSoslwl | <y Pas PRUSSISPER
3219-2 e AW Jge
(Pa)
(ls) VA Jeus
& lode e nm ojlul
) _ 0315 ygue ol A
a . _ . U“SM 9° .
21357% | 4 o)d ojlail pefilen | 303l | STl o0 = Gy
o boyd cdile W, o>
B edale

ISO/PRF TS 21357:2021 ,Lecil e 4 al yo ep3508 S 4

1- Viscometer
2- Rheometer

AY

Syl Y-Y-10

S 590 V-Y-Y-10




VoY Yot §yloss 3l (o 8 yliline!

HEd, cen | e olo jo sl lgil aadss .cn | )5 Jeloe plo g Lo 5l b Clél mle SO (69 ,31,5
Slge 5l g3y g ST e b Glgieds Se—Bigo (59515 50 ytd 4 e S Bl Al Ll (5 Foduaey
1oyl Ghls canl (S oS 5 lo gl 0aiSTyy ol b O, 4o (Fe20s3 L C,m’\ aile) owablise
Jbwssd ol (Jlow iz OS (o0 et ()1 00 Jlosl pacbline plags 5l (ol & j900 a5 w3l
ol Ss5ca 6 Fosl Al mile S 39, o & lids STy Sy (5935 Slas 3lge i o
Sge Jol (it 2z sl S aiile Gloa bt laghy, b (g e |y 0Ty L dlgil 5
e by, (nl 5l S a5 cesl 1S3 4 03V 05T sy @i LS 5 (B 7 655 Ut s ilS
ol iy s oolit ol lgagil oaze sloaides sl Ysons Lol it ans oliiogil (glacs 5ol

ool (Pars = keg/(s'm) 4t 5 SISl w55

iy g 5350,5 T-Y-Y10
Sl ol sy Slgica |, 1O 3219-2 5 1SO 3219-1 Ty Jol) 35 co oils 2 S5 2
a5l o iy 5,55 Slole dan sl oalital sl bl 4z 5105 Jlacl NOAA

is Sitisa Jol  F-Y-T-

O Sl Ol |y G5 o S8 ailse b (go5es Wl Sy 9,0 5l 9,005 mbe o LS s
Ghls gy opl gl co ooliinl s sladiged g o jlaus (sl del (igy ol oS coliinl il (59,1,5
Sley g Ve um G Y pm lad o Sladlgd b ool o s 5dgil ladiges ol b (g5l S>sS o je

W8l Caws g pSoslal o do o ¥ gy 4 gl e N e s A e 3l (g S ol

ol b s o 595 ol F-Y-Y-10

oolisl (el &S > 55 Aigad Sloaliyy Al (490 Sl aST 255 (59, wdle iS5l G2 655 b,
Slo s ) i iS das o ojlal a5 oSl Sgee A Cad gl SO0 el S g) S
5l sladiges sl aiilsige g 9S g0 SV CC LB °C o iy iy Bz 65 Slagiwssol S
oo ad e 3l g Soslul ooy aie—i Jlogl Voo pl sgu> slap> L Ve o+« mPas U & mPas

3 Testing bob

¥ Searle principle

¥ Gravimetric capillary principle
¥ Rolling or falling ball principle
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ISO 1628-1, Plastics - Determination of the viscosity of polymers in dilute solution using
capillary viscometers - Part 1: General principles

ISO 2884-1, Paints and varnishes - Determination of viscosity using rotary viscometers - Part
1: Cone-and-plate viscometer operated at a high rate of shear

ISO 2884-2, Paints and varnishes - Determination of viscosity using rotary viscometers - Part
2: Disc or ball viscometer operated at a specified speed

ISO 3219-1, Rheology - Part 1: Vocabulary and symbols for rotational and oscillatory
rheometry

ISO 3219-2, Rheology - Part 2: General principles of rotational and oscillatory rheometry

ISO 4575, Plastics - Poly(vinyl chloride) pastes - Determination of apparent viscosity using the
Severs rheometer

ISO 6721-10, Plastics - Determination of dynamic mechanical properties - Part 10: Complex
shear viscosity using a parallel-plate oscillatory rheometer

ISO 11443, Plastics - Determination of the fluidity of plastics using capillary and slit-die
rheometers

ISO 12058-1, Plastics - Determination of viscosity using a falling-ball viscometer - Part 1:
Inclined-tube method

ISO 13145, Rubber - Determination of viscosity and stress relaxation using a rotorless sealed
shear rheometer

ISO 16790, Plastics - Determination of drawing characteristics of thermoplastics in the molten
state

ISO/TS 21357, Nanotechnologies - Evaluation of the mean size of nano-objects in liquid
dispersions by static multiple light scattering (SMLS)
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ISO/TR 13097, Guidelines for the characterization of dispersion stability

3 Memory of the incident direction
¥ Multi-scattered light
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ISO 7579, Dyestuffs - Determination of solubility in organic solvents - Gravimetric and
photometric methods

ISO/TR 13014, Nanotechnologies - Guidance on physico-chemical characterization of
engineered nanoscale materials for toxicologic assessment
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ASTM C1341-13, Standard Test Method for Flexural Properties of Continuous Fibre-
Reinforced Advanced Ceramic Composites [96]

ASTM D882-12, Standard test method for tensile properties of thin plastic sheeting [97]
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ISO 14577-1, Metallic materials — Instrumented indentation test for hardness and materials
parameters — Part 1: Test method

ISO 14577-2, Metallic materials — Instrumented indentation test for hardness and materials
parameters — Part 2: Verification and calibration of testing machines

ISO 14577-3, Metallic materials — Instrumented indentation test for hardness and materials
parameters — Part 3: Calibration of reference blocks

ISO 14577-4, Metallic materials — Instrumented indentation test for hardness and materials
parameters — Part 4: Test method for metallic and non-metallic coatings
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ISO/TR 11811, Nanotechnologies - Guidance on methods for nano- and microtribology
measurements
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Complex shear viscosity using a parallel-plate oscillatory rheometer

[204] ISO 13145, Rubber - Determination of viscosity and stress relaxation using a rotorless

sealed shear rheometer
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[205] ISO/TS 21357, Nanotechnologies - Evaluation of the mean size of nano-objects in liquid
dispersions by static multiple light scattering (SMLS)
[206] ISO/TR 13097, Guidelines for the characterization of dispersion stability

[207] ISO 7579, Dyestufts - Determination of solubility in organic solvents - Gravimetric and
photometric methods
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[208] ISO/TR 13014, Nanotechnologies - Guidance on physico-chemical characterization of
engineered nanoscale materials for toxicologic assessment
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[209] ISO 14577-1, Metallic materials - Instrumented indentation test for hardness and
materials parameters - Part 1: Test method
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[210] ISO 14577-2, Metallic materials - Instrumented indentation test for hardness and
materials parameters - Part 2: Verification and calibration of testing machines
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[211] ISO 14577-3, Metallic materials - Instrumented indentation test for hardness and
materials parameters - Part 3: Calibration of reference blocks
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[212] ISO 14577-4, Metallic materials - Instrumented indentation test for hardness and
materials parameters - Part 4: Test method for metallic and non-metallic coatings
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[213]ISO/TR 11811, Nanotechnologies - Guidance on methods for nano- and microtribology
measurements
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