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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Particle Size Distribution/Fibre Length and Diameter

Distributions”
Method A: Particle Size Distribution
(effective hydrodynamic radius)
Method B: Fibre Length and Diameter Distributions

1. NTRODUCTORY INFORMATION

 Prerequisites

Method A: — Wateinsolibility
Method B: — Information on fibrous nature of product
— Information orstability of fibre shape undefectron-microsqaic conditions

e Guidance information

Method A: - Melting point
Method B: - Melting point

e Qualifying statements

Both test methodsan be applied to puend commrcial grade substances.
Methd A:

This methodcan only be applied toater-insolble (< 16 g/l), powdered type products.

The equivalence dhe six national and international standasthuds for particle size
distribution was not testednd is currently not known. There ipaticular prblem inrelation
to sedinentationand Colier counter measurements.

Metha B:

This nmethod applies only fdibrous prodats. The effect of impgities onparticle shape
should be considered.

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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e Recommendations

Methad A:

Equivalence of the aethods for determation of particlesize distribution should be
tested in théaboratory.

e Standard documents

The "Hfective Hydrodynamic Radius Deteimation" is based on the following
standards:

— ASTM - D3360, D 422
— NF-T 30044

— DIN - 66115

— DIN - 66116, Brt 1

— ASTM - C 678

— ANSI - C 690 - 75

and on dest principle described inh€m Ing. Tech. 46, 729 (1974).

2. METHOD

A. INTRODUCTION, PURPOSE, SCOHRE, RELEVANCE, APPLICAT ION
AND LIMIT S OF TEST

Many nethodsare available for particle size measurements, but notierof is
applicable tothe entire size range. Sievingreaceic sedinentatiorandeldriationtechniques
are most commonly employed. Moreover, in the casairbfrne particles (dusts, skes,
fumes) radiation scattering and inertial methods prove particuseful. Fnally, appropriate
sampling procedures should be selected in orgeefmare specimens really representative of
the material ndertest (Method A).

The first methoddescribed in this Guideline (Method A) is designed twigeo
information onthe transpadationand sedirantation of insolble particles in water and air. In
the special case of materialsigh can form fibres, aadditicnal set of measurements (Method
B) is also recommendedltelp identify potential health hazards arising from the inhalation or
ingestion.



110

"Particle Size Distribution/Fibre Length and Diameter page 3

Distributions"

Method A is generally applicabléequent in useand hydrodynamic in character;
Method B is comparatively specialiseitifreqently required and involves nicroscopic
exanination. It should be loe in mind, however, that the original particle size distribution is
highly dependent othe indstrial praessing rathods ged and caalso beaffected by
subsequent environmental or hunteansformations.

Thesetests are applicable only to watasolible (solubility < 16 g/1) substances.
Method B for fibres Vil be applied only if light ntroscgic exanination, similarities to known
fibrous or fibre-releasing batances or other data indicate a likelihood that fibres are present.
In this context, a fibre is a watgrsolble particle, of aspecatio (length/diameter® 3 and
diameter< 100 um. kbres of length < 5 pmeed not be consideredlethod A, which
determines the effective hydrodynamadius, R will be wsed for botHibrousand na-fibrous
particulates whout prior inspection. It is useful only the range 2 um <,R 100 pum.

e Definitions and units

For Method A the parameterioterest is the effective hydrodynamédlius, or effective
Stoke's radius RThe ternmal velaity of a snall sphere falling under the influencegodvity
in a viscous fluid igiven by:

v=2R (@ -d)] o

where: v =  veloity (m'sec),
g =  gravitation constant (m/s@c
Rs =  Stokesradius (m)
d, = density of sphere (kgAn
d, = density of fluid (kg/rf),
n = dynamic visceity (Nsec/m = Pa s) of the fluid.

In other situatians, sintar relatioshipsapply. Rirticle size is usally measwed in
microneters (= 16 m).

Method B providehistagrams of the length (8nd dianeter (d) distributions of fibres.
The adinate is the absolute number of particlesachinterval of 1 or d. Typical plots are
provided in Figures and 2.
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» Reference substances

Five reference substances of defined particle size covering the osegadl0.35 to
650 um (exceptinthe 50 to 200 um regiohpve beerertified with respect to the cumulative
massdistribution of particles versus equivalent settling théneter or equivalent volume
diameter.The naterials will be made available from the ComityuBureau of Reference* of
the Eurpean Economic Community and theill e issued with certificates of measuesth
Thecertification report (4) will also bavailable from the Commity Bureau of Rference.

Calibration materials
Methad A: A binary or ternary imture oflatex spheres (2usd < 100 um) is suggested.
Methad B:  No standard reference materials sgadily available.
Evaluation materials
Methad A:  Aternary nixture of 2 um, 50 prand 100 pnfatex spheres (which provides a
discrete calibrated distribution) plus a gtenof crushed quz (continuous
distribution).
Methad B:  Fibrouschrysdile asbestos is recommended (specific properties not essential as
long as enough of a thoroughlyixed sample is available for identical

distribution in aring test).

e Principle of the test methods

Methad A: There are several standardethods available mich meet the sensitivity
requirements:

Principle Methads
Sedinentation ASTM-D 3360, D 422
NF-T 30044
DIN - 66-115

* for addressessee Annex 2
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Centrifugation ASTM - C 678
Chem. Ing. Tech.@} 729
(1974)

Coulter counter ANSI-®90-75

The conparability of these methogsspecially the sediemtationandthe other rathods
must be determined.

The samle shouldalso be shijected to a simple lightioroscic exarnmation to
determine the approximateture ofthe particles (e.g. plates, needles, etc.).

Metha B: Since data must beltErted on small diameter fibres Q.1 pm), scanning (SEM)
or transmnission (TEM) electron microscopy is reapad. There is no standard pedlure at
presentand those currently unddevelopment for asbestos coniiaation (in which thefibrous
material isalready identified and in high moentration) are often more colex and expensive
than necessary for the needshi$ prggramme. Extreme care musill betaken during sample
preparation to avoid fibre breaking, clumping and coimation. A simple initial proedure is
suggestedelow (Description othe test proceduregjhe lengthand diamater of the fibre
images can be@aswued manually, seivautorratically or automaticallgndtheresults tabulated
in histgram form (see Figures 1, 2).

Figure 1 Sample fibre lengtlistribution (Method B)
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Figure 2 Sample fibre diametatistribution (Method B)
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 Quality criteria

Repeatability

The effective hydrodynamic radius distribution (Method A) should be meadghree
times, with no twovalues differing by moréhan 20 per cent.

The length and diarater distributions of fibores (Method B), if required, should be
measted at least twice - using separate samplingpeamhrations - with at least 70 fibies
histagram. No twovalues in a given higgoaminterval should differ by more than 50 per cent
or 3 fibres, whichever is larger. Such repeatability should be sufficient for the modeling and
decision-naking procedures currently envisaged; however, the presenceydhio fibres -
due to their potentiaddverse health effects - would indicateead for futher, more precise
measurements.
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Sensitivity
In the general case (Method A) particles aallsas 2 pmand as large as 200 pm must
be measurablélThe rethod requires that sufficient nbers ofradius intervals besed to
resdve theadius distribution awe. In the case dibres (Method B), diameters asahas 0.2
pm and adarge asl00 m andengths as small as 5 pand adarge as300 pm, must be
measurable.
Specificity
SeeSection 2A, above.
Possibility of standardisation
The nmethod_proedues can be readily standardised, if desired, but mifoumity of
sampling, preparatioand prior handling maystill cause cosiderablevariation in results in
Method B.

Possibility of automation

Automation or semi-automationibfese procedures is possible. Full aatthom offibre
1 and d reasurementand analgis is also Esible.

B. DESCRIPTION OF THE TEST PROCEDURES

e Preparations

Methad A:

The snall quantities sed as samples must be representative of product batches
comprising mankilograms; therefore, samplirsgnd sample handlingequire great care. For
example, s@ll particles often form agglomerates; therefore, sample pre-tredéenhe
addition of dispersinggentsagitation, or low-level ultrasic treatment) may be required
before the primary particle size can be determined. However, great care must be taken to avoid
changinghe patrticle sizdistribution. Inthe case dfighly stable aggregatesstict distinction
between primary particles and agglomerates is not alvgafsl.uSome representative sample
preparation methods will be foundtime standard procedures listed in Principle oftélse
methods (Method A) above.
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Metha B:

Two simple sample preparation procedures (B-1, B-2) for scanning elerosaopy
can be suggested.

Sample preparation B-1

Suspend a given amount of sample in 10-100 filtefed distilled or deinised water
(the suspension should be relatively lightt aoslurry). Distribution ofthe particles in
suspension may be aided by use of a surfactant, suchalisasnounts { part/100) of
absolutesthylalcohol or a non-itic detergent. Suspension of the powder is achieved by gentle
handagitation, vortex mixing or agnetic stirring. Filter the suspenstbrectly onto a 47 mm
diameter Nuclepe* filter overlaying a 47 mm diagter Millipare* membrane filter housed in
a 47 mm diarter Millipare* filter holder (Hydrosol, stainlessking gentle vacuum. Ensure
that the powdehas noprecipitated out of suspensiorefignding on the size particles of
interest, various pore-sized filters may lsediThe cocentration of sspendedparticles
determines the amount filtered. A less concentrated suspengiogiw@ a more even
distribution of particles othe filter suface (2). Remove the Nuclepdiker from thefilter
housing, beingareful not to disturlthe particles on the surface. Placefilter - particle-
coated face upward - into a glass or plastic Petri dish contsitiagmann* No. filter paper;
Cover Petridish and store in a dry box or under vacuthen completehdried, thefilter is
cut intopieces of appropriate siaad mountedjlter face up, onto copper tape which haen
previously moated onto an SEM specimen holder (using double face tapa¥ufe stickiness
of the tape, preheat using infrared or similar heat source for 5 to 15 minutes. Trim the edge of
thefilter to fit the SEM specimen holder.

Sample preparation B-2
An alternate sample preparatioethod isthe direct transfer of the dry powder onto
copper tape (adhesiv@ectrical tape) hich has been mounted onto a scanmlegtron

microscope (SEM¥pecimen holdeiThe powler mayalso besprayed ontdhe copper tape
surface by using an atomiser or pipetteigmed wth a large rober bulb.

* addresses arested as indexed in Annex 2.
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e Test conditions and apparatus

Metha A: Ambient canditions. Measuring apparatus for all methadsreadily available.
Pipettesand sedinentationbalances are used for the sesfiation methods.

Methd B: Contanination by air-bae fibrescan be a problem. A hood or "clean room"
should be used if available.

A small electron microscopgnd support equint are required.

e Performance of the tests

Methd A: To be selected from standard procedures listed above (Principle tekthe
methals).

Methd B: Both preparation methods (Bahd B-2) provide particulate sample on filter
paper or copper tape mounted on an SEM specimen holdecarhthen be
exanined in the SEM, diirst caated with metal film using a sputtering device
or vacuum evapator. Representative fields within the sample surface are
photographed at various magnifications toyield a representative sample of the
population ofnterest. (If desired, energy dispersive X-aaalysis (EDKA) of
representative particles - ¢bheck sample contarmation - could be performed
at this time.)

Particle size distributionan be determined byeasuring the screen directly or from
measurements on phgtaphs. If the SEM is equippedtlv an irage analjs system,
populatiorstatistics can be determined directly. Such measureo@mibe automated or semi-
automated when desired (3). If the image indicates the sample is too concentrated, repeat again
with a moredilute solution.

 Analysis

Measuring the physicprameters by differentathod<anresult in someWatdifferent
particle size distributions; therefore the measuring techniques used should always be reported.
Representativanalysis methodsre discased in references 1 - 6.
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3. DATA AND REPORTING

Methd A: Data should be obtained for 3 size range20& um, < 2 um arttie region

2 t0 200 um. Only ithe latter range should tHestribution cuve be prepared.
It should have sufficient um increments to resolve the curve (suapops).
A histggrampresentation is required plus a statement on the wagghtent
of material >200 pm and < 2 pum.

Methd B: Full length (1)and diaeter (d) data areeeded orfibres of dimensions

d= 0.1 umand ® 5 pm. Two histgramdistributions, based @xanination

of at least 50 fibres each, should be prepareddioreters, the ranges should

be 0.1-0.5,05-1.0,1-2,2-3,3-5umand over 5 pntefgthsthey
should be 0- 5, 5 - 10, 10 - 15, 15 - 20, (etc.) um. This is illustrated in Figures
1 and 2, above.

Test report

Methad A: The followng information should b@resented:

Expected per cent change@ported values ithe future (e.gvariationshetween prodztion
batches)

Sample preparationathodsused

Analysis methodsised

Approximateinformation onparticle shape (e.g. sphericgllatelike, needle shaped)
Lot number, sample number

Suspending edium, temperature, pH

Concentration

Stoke's (effective hydrodynamic) radiusdistribution for 2< R, < 200 pum
Meanvalueandapproximate "area” (per cent) of am@sdvable peaks in Rlistribution
Per cent of particles with,R 2 pm

Per cent of particles with,® 200 um
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Methad B: The following information should b@resented:
— Sample description, ethod description

— Number of particles pdield

— Total nunber of fibres masured

— 1, d distributions (hisggams)

— Meanvalueand approximate "arefercent) of any resolvabpeaks in the Rlistribution.
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5. ANNE X

1. SUMMARY OF THE USUAL METHODS FOR THE DETERMINATION OF

PARTICLE SIZE AND THE IMPORTANT GRANULAR SIZE CLASSESaccording to
G. Miller, Methoden derSedimentuntersuchgen 1964, p. 303, Stigart, revised with
appropriate supplements).
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gravitational methods
(seliling veloei

I

ASTM ©

ASTM ¢
]
ASTM
|

678-75
—

D 3360-74
-
721-76

PA
NF T 30-044
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BS 3406 : PART 3 : 1961
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other methods
C 690-75 Coulter Counter
—
mm200 63 20 6.3 2 0.6 0.2 0.063 0.02mm
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g Mittlekies Grand Mittelsand |Grabsit| Mittel-| Fain-
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2. ADDRESSES
The certification report of fivaeference materialsillvbe available from:

Commission othe European Commity
Directorate - @neral for Research
Science and Edation

Community Bueau of Rference BCR
rue de la Loi 200

B-1049 Brissels

Filter equipnent for sample preparations according to Method B is available commercially
throughthe maniacturers listed below:

Nuclepore Corpation
7035 Commerce ittle
Pleasanton

California 94566/USA

Millipore Corporation
Order Service Department
Bedford
Massachusett81730/USA

Whatman Hters
W & R Balston Linited
England



