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0 Introduction

The proportion of total particulate matter which is
inhaled into a human body depends on properties
of the particles, on the speed and direction of air
movement near the body, on breathing rate, and
whether breathing is-through nose or mouth.
Inhaled particles can then deposit somewhere in-
the respiratory tract, or can be exhaled. The site of
deposition, or probability of exhalation, depends on
properties of the particle, respiratory tract,
breathing pattern, and other factors.

Liquid particles or soluble components of solid
particles can be absorbed by the tissues wherever
they deposit. Particles can cause damage close to
the deposition site if they are corrogive,
radioactive, or capable of initiating some other
type of damage. Insoluble particles can be
transported to another part of the respiratory tract
or body, where they can be absorbed or cause a
biological effect. .

There is a wide variation from one person to
another in the probability of particle inhalation, .
deposition, reaction to deposition, and clearance.
Nevertheless, it is possible to define conventions-
for size selective sampling of airborne particles
when the purpose of sampling is health-related
These conventions are relationships between
aerodynamic diameter and the fractions to be
coilected or measured, which approximate to the
fractions penetrating to regions of the respiratory
tract under average conditions. Measurement
conducted according to these conventions will
probably yield a better relationship between
measured concentration and risk of disesse. .
NOTE. For further information on the factors affecting

inhalation and deposition, and theirappnmﬂonmm
see (8], (9], [10], [11], [12] and [13].

1 Scope

This standard defines- samphn,g conventions for
parnclesxmfmchonswhjcharetobensedm
assessing the possible health effects resulting from
inhalation of airborne particles in the workplace.
They are derived from experimental data for
healthy adults. Conventions are defined for the
inhalable, thoracic and respirable fractions;
extrathoracic and tracheobronchial conventions
may be calculated from the defined conventions.
{The inhalable fraction is sometimes called
inspirable — the terms are equivalent. The
nomenclature of the fractions is discussed in
annex A.) Assumptions are given in clause 4. The
convention chosen will depend on the region of
effect of the component of interest in the airborne
patticles (see clause 8). Conventions are stated in
terms of mass fractions, but they may also be used
when the intention is to‘ evaluate the total surface
area or the number of particles in the collected
material,
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In practice, the conventions will often be used to
specify instruments to sample airborne particles for
the purpose of measuring concentrations
corresponding to the defined fractions. It should be
noted that experimental error in the testing of
instruments, and possible dependence on factors.
other than aerodynamic diameter, mean that it is
only possible to make a statement of probability
that an instrument's performance falls within a
certain range, and that different instruments will
fall within an acceptable range.

NOTE. The problem of comparing instruments with the
conventions is to be dealt with in another standard.

One application is the comparison of mass
concentration of airborne size fractions with limit
values. It should be noted with respect to relevant
European Directives that the use of other methods
is allowed provided that they yield the same or
stricter conclusion. One important example is the
respirable convention in relation to compliance
with the limit value. Equipment matching the
Johannesburg convention [2] will in practical
circumstances give the same or a higher mass
concentration (by up to about 20 %) than
eqmpment matching the respirable convention
given in 6.3, so the use of equipment matching the
Johannesburg convention will be conmstent with
the European Directive.

The conventions should not be used in association
with limit vatues defined in completely different
terms, for example for fibre limit values defined in
terms of the length and diameter of fibres,

2 Definitions

For the purposes of this standard, the following
definitions apply.

2.1 sampling convention

A target specification for sampling instruments
which appreximates to, for each particle
aerodynamic diameter:

= in the case of inhalable convention, the ratic
of the mass concentration of particles entering
the respiratory tract to the corresponding mass
concentration in the air before the particles are
affected by the presence of the exposed
individual and inhalation;

— in the case of the other conventions, the ratio
of the mass concentration of particles entering
the specified region of the respiratory tract to
the mass concentration of particles entering the
respiratory tract. (These other conventions can
also be expressed as ratios to the mass
concentration of total airborne particles.)

£6888 11202
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2.2 particle acrodynamic diameter

The diameter of a sphere-of density 1 g-cm~? with
the same terminal velocity due to gravitational
force in calm air, as the particle, under the
prevailing conditions of temperature, pressure and
relative humidity (see clause 4).

particle

means the diometer of & sphere with the same diffusion
coefficient as the particle under the prevailing conditions of
temperature, pressure and relative humidity.

2.3 inhalable fraction

The mass fraction of total airborne pa.rncles which
is inhaled through the nose and mouth.

NOTE. mmmnhhwﬂondepmchont}uespeedand
dhauionofmeanmommt,mbteaﬂmtgmandother
factora. - :

2.4 inhala.ble convmtlon :

A target specification for sampling instruments
when the inhalable fraction is the fraction of
interest.

2.5 extmthoradc fraction

The mass fraction of inhaled pmclm falling to
penetrate be'ynnd the lm'ynx }

2.6 ext;nthundc convention . ’
A target specification for samp]mg mstnmnema
when the. em'athoracic fraction is of mlzerest

2.7 thoracic rraction e ‘ )
The mass fraction of inhaled partmla penetramlg
beyond the larynx.

2.8 thoracic convention

A target speclf' jcation for samphng msmnnents
when the thoracic fraction is of mxermt

2.9 tracheobronchial fraction

Tl .
T

3 Principle of conventions

The sampling eonventions recognize that only a
fraction of the airborne particles which are near to
the nose and mouth is inhaled. This fraction is
called the inhalable fraction (see 2.8). For some
substances, the subfractions of this which
penetrate beyond the larynx, or to the unciliated
airways are of special significance for health. This
standard presents conventionalized curves
approximating to the fraction inhaled and the
subfractions reaching beyond the larynx or to the
unciliated airways. These curves are called the
inhalable convention (see 2.4), the thoracic.
convention (see 2.8) and the respirable convention
(see 2.12). Extrathoracic (see 2.6) and
tracheobronchial (see 2.10} conventions may be
calculated from these, Instruments used for
Samp]mg need to conform with the sampling

;i convenhon appropriate to the region of the

respiratory tract where deposition of the substance
being measured might lead to biclogicat effect. For
example, the inhalable convention would be chosen
if the substance might lead to a biological effect
wherever it deposited, the thoracic convention
would be chosen if the region was the bronchi, and
the mplmble oonventmn if the region was the
alveoli. =

" Instruments can be used to collect individual

fractions according to the conventions, or to collect

" several fractions simultaneously. For example, an

" instrument could collect particles from the air

+

The mass fraction of inhaled particles penetrating

beyond the larynx, but failing to penetrate to the
2.10 traclicobronchial convention ..’

A target specification for sampling instruments
when the tracheobronchial fraction is of interest.
2.11 respirable fraction

The mass fraction of inhaled particles penet.mtm,g
to the unciliated airways..

2,12 respirable convention

A target specification for -sampling instruments
when the resplmble flracnon is of interest.

2.13 total airborne particles

AR particles surrounded by air in a given volume of
air.

NOTE. Because all measuring instruzments are gize-selective to
some extent, it is often impossible to measure the total airborne

according to the inhalable convention, and then
separate this material ipto portions according to
thoracic, tracheobronchial and respirable

. Zonventions. Alternatively, an instrument might
just collect the respirable fraction from the air. In

this case, the design would have to ensure that
selection at the entry due to aerodynamic effects,
and subsequently within the instrument, was such
that the overall selection was in accordance with
the conventions.

4 Assumptions and approximations

Approximations and assumptions are unavoidable
in simulating by sampling conventions the very
complex interaction of variables that governs
respiratory tract entry and penetration.
The conventions are necessarily only
approximations to respiratory tract behaviour, and
the following assumptions are particularly
important:
— The inhalable fraction depends on afr
moverment — speed and direction — on
breathing rate, and on whether breathing is by
nose or mouth. The values given in the inhalable
convention are for representative values of
breathing rate, and averaged for all wind

¥6S881v202
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directions. This is appropriate for an individual
uniformly exposed to all wind directions or
predominantly to wind from the side or from
behind. The convention usually underestimates
the inhalable fraction of larger particles for an
individual who usualty faced the wind,
particularly in windspeeds greater than 4 m-s—L,
— The respirable and thoracic fractions vary
from individual to individual and with breathing
pattern, and the conventions are necessarily
approximations to the average case.

— Each convention approximates to the fraction
penetrating to a region, not to the fraction
depositing there. In general, particles must.
deposit to have a biclogical effect.. In this
respect, the conventions will lead to an
overestimate of the potential biclogical effect.
The most important example is that the
respirable convention overestimates the fraction
of very small particles which are deposited in the
unciliated airways, becanse a fraction of these
particles is exhaled without being deposited. In
many workplaces, these very small particles do
not contribute much to the sampled mass.

— The thoracic convention approximates to the
thoracic fraction during mouth breathing, which
is greater than the thoracic fraction during nose
breathing. The extrathoracic convention can
therefore underestimate the *worst case'
extrathoracic fraction, which occurs during nose
breathing..

6 Specifications for converitions:

5.1 Inhalable convention ' .
Sampling of the inhalable fraction shall conform
with the following convention: the percentage By
of airborne particles of aerodynamic diameter D in
micremetres which are to be collected shall be
given by:

Ep = 50(1 + exp{-0,06D]) 'y
Seme values given by this equatxon are g:ven in
table 1 and ilustrated in figure

NOTE. Experimental data on the inhalable ftiction do net yet
exist for D > 100 um, and the eonvention sheuld not be
applied to larger particles.
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5.2 Thoracic convention

Sampling of the thoracic fraction shall conform
with the following conventions:. the percentage Ep
of the inhalable convention which is to be collected
at an aerodynamic diameter D in micrometres shall
be given by a cumulative log-normal distribution
with a median of 11,64 pm and a geometric
standard deviation of 1,6.

A numerical approximation for ease of calculation
is given in annex B. Note that Fp-is calculated from
the inhalable convention.

The fraction of the total airborne particles

{see 2.13) at an aerodynamic diameter I} is
cbtained by multiplying Er by 0,008 from

equation {1). Some values obtained are given in
table 1 and illustrated in figure 1. It will be seen
from the table that 60 % of airborne particles with
D = 10 pm are in the thoracic fraction.

5.3 Respirable convention

Sampling of the respirable fraction shall be as
follows: the percentage Fy of the inhalable fraction
convention which is to be collected at an
aerodynamic diameter D in micrometres shall be
given by a ecumulative log-normal distribution with
a median diameter of 4,25 pm and a geometric
standard deviztion of I,b.

A numerical approximation for ease of calculation
is given in annex B. Note that Ep is calculated
from the inhalable convention.

The fraction of the total airborne particles

(see 2,13) at ic¢ diameter D is
cobtained by raltiplying Ex by 0,01FE); from
equation (1). Some values obtained are given in
table 1 and illustrated in figure 1.

NOTE. Attention is drawn to clause 1 on the use of other
conventions.

5.4 Extrathoracic convention

The extrathoracic convention shall be calculated as
(EY — Er) (see 6.1 and 5.2) at each aerodynamic
diameter D.

6.6 Tracheobronchial convention

The tracheobronchial convention shall be
calculated as (By ~ Ep) (see 5.2 and 5.3) at each
aerodynamic diameter .

c6888TY202
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Table 1. Numerical values of the conventions, as percentages of the inhalable convention or of
total airborne particles
As percentage of inhalable As percentage of total
Asrodynamic | Inhalable Theracle Resplirahle Inhalable Thoracic Respirable Asredynamic
diameter convention convention convention convention convention convention | diameter
b E E By E B3 B Ey % B; D
pm % % % % % % wm
0 100 100 100 100 100 100 0
1 100 100 100 97,1 97,1 97,1 1
2 100 100 96,8 94,3 94,3 01,4 2
3 100 100 80,5 91,7 81,7 73,9 3
4 100 - | 99,6 55,9 89,3 80,0 50,0 4
5 100 . 98,1 34,4 87,0 85,4 30,0 b
6 100 94,9 19,8 | 84,9 80,5 16,8 "8
7 100 80,5 10,9 82,9 74,2 9,0 7
8 100 83,2 5,9 80,9 66,6 48 8
9 100 73,7 3,2 79,1 58,3 2,6 9
10 100 64,6 1,7 77,4 50,0 1,3 10
11 100 55,6 0,9 75,8 42,1 0,7 11
12 100 47,0 0,5 74,3 34,9 0,4 12
13 100 39,3 0,3 72,9 28,6 0,2 13
14 100 32,4 0,2 71,6 23,2 0,2 14
15 100 26,6 0,1 70,3 18,7 ,1 18
16 ‘1100 21,6 0,1 68,1 15,0 0] 16
18 100 14,1 ] 67,0 9,5 ’ 18
20 100 9,1 65,1 5,9 20
25 100 3,0 61,2 L o1,8 25
30 100 1,0 58,3 I 0,6 30
|
35 100 03 56,1 Loz 35
40 100 . 0,1 54,6 0,1 40
50 100 0 T 52,6 0 B0
60 - 100 "l B4 60
80 100 50,4 80
100 100 50,1 100

933981:17203



Page 7

EN 481 : 1993

100~
B0 inhaliable convention
Percentage of gk
total airborne
rticles in : . .
I:::lnvenl'ion i} Respirable Thoracic convention
convention
20+
B |3 1 1 L | 1L k] 1 1 L {1 11
1 2 3 45 7 W 20 39 406 50 70 100

Aerodynamic diafigter pm

Figure 1. The inhalable, thoracic and respirable conveﬂtions as percentages of
total airborne particles
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Annex A (informative)

Nomenclature of inhalable and
respirable fractions in English

The term ‘inhalable’ is used in the English version
of this standard because it is the word most
naturally describing the meaning of the fraction for
which it is used. There has been some confusion
over terminology in the past. ‘Inhalable’ was used
in the late 1870s in European English-language
literature with the same meaning as in this ‘
standard. ISO/TR 7708 and the Directive
88/642/EEC:used the name ‘ingpirable’ for this
fraction, and the terms 'inspirable’ and ‘inhalable’
are equivalent. The US Environmental Protection

Agency for a timme used ‘inhalable’ for what is now -

called ‘total thoraci¢ particulate’ or ‘PM10°. EPA
no longer uses the term ‘inhalable’, and so this
standard has adopted the term with its original
meaning.

The term ‘respirable’ has been used in English for
the fraetion penetrating to the unciliated airways
since at least 19562 ([2], [7]). ISO/TR 7708 adopted
the term ‘alvealar’, partly bacause of the risk of
confusion between ‘respirable’ and ‘inspirable’, but
-as this European Standard uses the term 'inhalable’
this argument no longer applies, and the familiar
term 'respirable’ has been adopted.

The equivalent terms are:
einatembar inhalable inhalable. ,
alveolengingig alvéolaire respirable
thorakal thoracique thoracic

Annex B (informative)

Numerical approximations to
cumalative log-normal distributions
For convenience of calculation, the following
approximations may be used in caiculating Frand
Eg. This formula gives Erand ER as a percentage.
E=« 10l -G D= M
E=-100GHD =M
¥ is absolpte value.of Q}&gﬁg%
G = 0,501 + 0,14112821y + 0,088840273% +
+ 0,027433493 - 6,00039446;° +
+ 0,00328975y5) 8
For thoracie fraction, E = Epif M = 11,64 pm; D
is particle aerodynamic diameter in micrometres.
Fbr respirable fraction, E = Eg if M =~ 4,25 pm; D
is particle aerodynamic diameter in micrometres.
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Asbestosis Research Council o 3
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