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This standard is issued under the fixed designation D 6062M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.3.1.1 The inhalable fraction actually depends on the spe-

1.1 This guide defines conventions for personal samplers diific air speed and direction, on the breathing rate, and on
specific particle-size-dependent fractions of any given nonwhether breathing is by nose or mouth. The values given in the
fibrous airborne aerosol. Such samplers are used for assessifijalable convention are for representative values of breathing
health effects and in the setting of and testing for compliancéate and represent averages over all wind directions.
with permissible exposure limits in the workplace and ambient 1-3.1.2 The respirable and thoracic fractions vary from
environment. The conventions have been adopted by thl@leldugI to individual and .Wlth the breathing pattern. The
International Standards Organization (Technical Report ISCfonventions are approximations to the average case.

TR 7708), the Comité Européen de Normalisation (CEN 1.3.1.3 Each convention applies strictly to a fraction pen-

Standard EN 481), and the American Conference of Goverrtrating to a region, rather than depositing. Therefore, samples
mental Industrial Hygienists (ACGIH{1).2 The conventions collected according to the conventions may only approximate
were develope) in part from health-effects studies reviewed correlatlpns with blqloglcal effects. Fpr example, the resplr'able

(3) by the ACGIH and in part as a compromise betweenconventlon_overestlmates the fractlon of very _smaII particles

definitions proposed by the ACGIKB) and by the British deposited in the alveolar region of the respiratory sy_stem

Medical Research Council (BMR@}). Conventions are given bepause some of the particles are actually exhaled without
here for inhalable, thoracic, and respirable fractions. being deposited8). In many workplaces, these very small

1.2 This guide is complementary to Test Method D 4532 Particles contribute insignificantly to the sampled mass. Fur-
which describes the performance of a particular instrument, thermore, the large variability between individuals and the
10-mm cyclone, and operational procedures for use. Théetails of clearance may be as important as this type of effect.
procedures, specifically the optimal flow rate, are still valid 1.3.1.4 The thoracic convention applies to mouth breathing,
although the estimated accuracy differs somewnhat from us®r Which aerosol collection is greater than during nose
with previous aerosol fraction definitions. Details on thisbreathing. _ .
instrument and also the Higgins-Dewell cyclone have recently 1.4 The values stated in Sl units are to be regarded as the
been published5-7). standard. The values given in parentheses are for information

1.3 Limitations only.

1.3.1 The definitions given here were adopted by the agen- 1.5 This standard does not purport to address all of the
cies listed in 1.1 in part on the basis of expected health effectgafety concerns, if any, associated with its use. It is the
of the different size fractions, but in part allowing for available reSponsibility of the user of this standard to establish appro-
sampling equipment. The original adoption by CEN was, inPriate safety and health practices and determine the applica-
fact, for the eventual setting of common standards by the E®Ility of regulatory limitations prior to use.
qountries _while permitting the use of a vari(_ety of instrumenta-z_ Referenced Documents
tion. Deviations of the sampling conventions from health-

2.1 ASTM Standards:

related effects are as follows: : ) ) )
D 1356 Terminology Relating to Sampling and Analysis of

- Atmosphere$

1 This guide is under the jurisdiction of ASTM Committee D22 on Samplingand D 4532 Test Method for Respirable Dust in Workplace
Analysis of Atmospheres and is the direct responsibility of Subcommittee D22.04 Atmosphere%
on Workplace Atmospheres.

Current edition approved December 10, 1996. Published February 1997.

2The boldface numbers in parentheses refer to a list of references atthe end of ——————————
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2.2 International Standards: 3.2.5 respirable fractior—the mass fraction of total air-
ISO TR 7708 Technical Report on Air Quality—Particle borne particles penetrating to the alveolar region of the
Size Fraction Definitions for Health-Related Sampling,respiratory system.
Brussels, 1998 3.2.6 sampling conventior-a target specification that ap-
CEN EN 481 Standard on Workplace Atmospheres. Sizeroximates to a specific health-related fraction of aerosol of
Fraction Definitions for the Measurement of Airborne given aerodynamic diameter. A sampling convention is speci-

Particles in the Workplace, Brussels, 1993 fied in terms of the sampling efficienck, the fraction of
) particles at given aerodynamic diameter collected by an ideal
3. Terminology instrument.
3.1 Many terms used in this guide are defined in Terminol- 3.2.7 thoracic convention, E—the target sampling curve
ogy D 1356. for instruments approximating the thoracic fractidg; is
3.2 Definitions of Terms Specific to This Standard: defined (Technical Report ISO TR 7708, CEN Standard EN

3.2.1 aerodynamic diameter, D(um)—the diameter of a 481, and the present ACGIH Threshold Limit Valudsg) in
sphere of density of fkg/m® with the same stopping time as terms of the cumulative normal functiq0) ® as:

a particle of interest. E; = E, - ®[1D4/DJ/o+] o

3.2.2 inhalable convention, E-the target specification for h he indi d
sampling instruments when the inhalable fraction is the fracénv(‘j’ ere Itn[?.ISn] icated constant parametersizye 11.64 um
()-T = . .

tion of interest. Specificall\g, is taken (Technical Report ISO

TR 7708, CEN Standard EN 481, and the present ACGIH 3.2.7.1 Discussior—The thoracic conventiork; is illus-
threshold limit valueg1)) as follows: trated in Fig. 1. Note that 50 % of total airborne particles with

D =10 pm are in the thoracic fraction.

E = 0.50(1 + exf—0.06D]), D < 100 ym @ 3.2.8 thoracic fraction—the mass fraction of total airborne
defined in terms of aerodynamic diameter, particles penetrating beyond the larynx.
3.2.2.1 Discussior—The inhalable conventiof, is illus- 3.3 Abbreviations:Symbols and Abbreviations:

trated in Fig. 1. Note thaE, -~ 0.50 (50 %) at largd. Eq 1 3.3.1 D (um)—aerosol aerodynamic diameter.
approximates the inhalable fraction when averaged over all 3.3.2 Dy (um)—respirable sampling convention parameter
wind directions for windspeeds < 4 m/s. At higher wind equal to 4.25 um in the case of healthy adults, or 2.5 um for the
speeds, the following convention has been tentatively sugsick or infirm or children.

gested as followg9): 3.3.3 D+ (um)—thoracic sampling convention parameter
E, = 0.50(1 + ex{ —0.06D]) + 10 °\*"ex{0.055D equal to 11.64 um. .
'4 m/5<(v< gxn%/s D exit ! 3.3.4 E—sampling convention in general.

@) 3.3.5 E—inhalable sampling convention.
3.3.6 Eg—respirable sampling convention.
3.3.7 Er—thoracic sampling convention.
3.3.8 v (m/s)—wind speed.

3.2.3 inhalable fractior—the total airborne particle mass
fraction inhaled through the nose and mouth, that is, which
enters the respiratory system. ) . .

3.2.4 respirable convention, =—the target sampling curve to?h?igsc]rR—respwable sampling convention parameter equal
for instruments approximating the respirable fracti@p. is 33 iOlc thoracic samoling convention parameter equal
defined (Technical Report ISO TR 7708, CEN Standard EN "\ T piing P q
481, and the present ACGIH Threshold Limit Valu@g) in e

terms of the cumulative normal functiqa0) ® as follows: 3.3.11 @[x] —cumulative normal function defined, given
argumenix.
Eq = E, - O[1n[D/DJiog] 3)
where the indicated constants a@;=4.25 pm and 4. Significance and Use
or=In[1.5]. The cumulative normal functio> is easily 4.1 The convention to be used is not always straightforward,

approximated using the algorithm given in Appendix X1.  put generally depends on what part of the respiratory system is
3.2.4.1Discussionr—For protecting the sick or infirm or affected by the aerosol particles. For example, if an aerosol (for
children, a quantitg = 2.5 um has been suggested (Technicalexample, silica) is expected to be hazardous mainly in the
Report ISO TR 7708). This accounts for the fact that inalveolar regions of the respiratory system, then the respirable
children and in adults with certain chest diseases, the trache@onvention applies. On the other hand, if an aerosol is
bronchial region is more effective at collecting particles ofextremely soluble (for example, KCN), then the inhalable
small aerodynamic diameter than it is in healthy adults. Theonvention should be used for monitoring or setting exposure
respirable conventioBg is illustrated in Fig. 1. Note that 50 % |imit standards. The conventions are often applied for approxi-
of total airborne particles with = 4.0 pm are in the respirable mating mass fractions, but they may also be used in the
fraction. evaluation of total surface area or the number of particles in the
collected material.
4.2 The conventions have now been adopted by the Inter-
4 Available from International Organization for Standardization, Caisse Postal%ational Standards Organization (Technical Report ISO TR
56, CH-1211, Geneva 20, Switzerland. L, , . .
5 Available from CEN Central Secretariat; rue de Stassart 36, B-1050 Brussels?708)- the Comité Europe_en de Normalisation (CEN Standard
Belgium. EN 481), and the American Conference of Governmental
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FIG. 1 Inhalable, Thoracic, and Respirable Conventions Relative to Total Airborne Particles

Industrial Hygienists (ACGIHJ1). The definition of respirable 5. Precision and Bias
aerosol is the basis for recommended exposure levels (REL) of 5.1 Precision and bias are detailed in specific test methods
respirable coal mine dust as promulgated by NIOSH (Criterigfor example, Test Method D 4532). Furthermore, how these
for a Recommended Standard, Occupational Exposure tquantities are to be measured will be presented in a perfor-
Respirable Coal Mine Dust). The respirable aerosol definitiormance evaluation protocol to appear as a separate standard.
also forms the basis of the NIOSH sampling method forNevertheless, general comments are in order.
respirable particulates not otherwise regulatetdSH Manual 5.1.1 Precision—In the sampling of aerosol, several com-
of Analytical Methods ponents of precision have been found significés)t These
4.3 The conventions constitute a part of the performancénclude inter-sampler variability, caused by physical variations
characteristics required of aerosol samplers for collectingn the samplers; intra-sampler variability, from inaccuracy in
aerosol according to the relevant health effects. This guidéhe setting and maintenance of required airflow; and analytical
therefore does not specify particular samplers for measuringrror, for example, in the weighing of filters.
the aerosol fractions defined here. Detailed guidelines for 5.1.2 Bias—As no real sampler follows the aerosol fraction
evaluating any given sampler relative to the conventions argonventions exactly, bias always exists between true and
under preparation. Several advantages over instrument spe€enventional (ideal) samplers. This bias depends on the par-
fication can be attributed to the adoption of these performancdicle size distribution of the aerosol sampled. The worst-case
associated conventions: situation is in the sampling of monodisperse aerosol. However,
4.3.1 The conventions have a recognized tie to healtf? MOSt workplaces, aerosol is present in a broad distribution of
sizes. The cancellation of positive and negative components of

effects.
. o . bias at different particle sizes reduces the overall bias in this
4.3.2 Performance criteria permit instrument designers t%ase

seek practical sampler improvements.

4.3.3 Performance criteria promote continued experimentd. Keywords
testing of the samplers in use with the result that the significant 6.1 aerosol; conventions; deposition; fractions; inhalable;
variables (such as wind speed, particle charge, and so fortlparticle; particulates; penetration; respirable; sampling effi-
affecting sampler operation become understood. ciency; size-selective; thoracic
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APPENDIX

(Nonmandatory Information)

X1. ALGORITHM FOR CUMULATIVE NORMAL FUNCTION

X1.1 The cumulative normal functio®[x] is easily ap- where the functiorz[x] is defined as follows:
proximated on a calculator or small computer using the 1
following algorithm (10): Zx] = NZm exi{ —x/2], and (X1.3)
D[x] = 1 - Z[x] (ayt + at” + agt?) (X1.1) where the constants, &, a,, andag are given as follows:
wheret is given in terms ofk as follows: (ay, &, a3) = (0.4361836,-0.1201676, 0.937298  (X1.4)
t=1/(1 + px), and (X1.2) p = 0.33267 (X1.5)
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