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Foreword

This European Standard was drawn up: by lbclinical!
Committee 137 'Aavessment of workplace
exposure' of which the secretariat is held by DIN .
'12ds standard was submitted for Formal Vote, and
the result was positive ..
'LhisEumpean Standard shall be .given-tLe status of
a national standard, either by publication of an
identical text or by endoisemem, at the'latest by
January 1984, and conflicting national .at9ndards
shall be withdrawn at the .Jate.st by January 1994 .
AAccording to the CEN/CENELEC IIntexual
Regulations, the following countries aebound to
Implement this European Standard :
Auatria, Belgium, Denmark, F5nland,. Ftance,
GermaqY, Greece, Iceland, Ireland, Ltdg,
Lauembourg, Netherlands, Norwqy, PnUtugal,
Spain, Sweden, Swirtzedand,. United Mtigdom . .
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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 ezhalation,, depends on
properties of the particle, respiratory tract,
breathing pattern,, and otherfactots . .
Liquid particles or soluble components of solid
particles can be absorbed by thetissueswherever
they deposit . Particles can cause damage close to
the deposition site if they are corrosive,
radioactive, or capable of initiating some other
type of damage

. Insoluble particles can betisnsported toanother 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.s health-related.
These conventions are relationships betweenn
aerodynamic diameter and the fractions to be
collected or measured, which approximate to the
fractions penetrating, to regions of the respiratory
tract under average conditions

. Measulement conducted according to, these~e conventions
.s will probably yield a better relationship betvfeen measured concentration and risk of dtseave

.
Nd1E. Ptir hrther Iafoiamaon on the fa cbove nffectlag ~ .
inAalatfon and deposition, and their application in standud;
~e (8), [9], [1'oL [ll), [121 and' [13] .

1 Scope
This standard defiiiessampling.s conventions for
particle size fractions which are tobe .used in
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
inha]able, thoracic and respirable fractions ;
extrathoracic and tracheobronchial conventions
may be calculated from the defined conventions .
(The inhalable fraction is sometimes called liupirable - the terms axe equivalent

. The
nomenclature of the fractions is discussed in
annex A.) Asaumptionsan: given in clause 4_ The
convention chosen will depend on thee region of
effect of the component .of interestt in the airborne
pasticles (see clause 3). Conventions are stated in
termss of mass fractions,, but they may also be used
when the intention is to evaluate the total surface
area or the iiumber of particles in t.Hee collected
material .

Page . 3
EN 481 : 1993

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 shouldbe
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
thatt ann instnunent's performance falls within a
certain range, and that different instruments will
fall within an acceptable range .
NOTE. The problem of compsring inannments with the
conventions is to be dealt with in anoMer standard .
One application .is the comparison ofiitass
concentration of airborne size frutionswith limit
values. .lt 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
ciYcum.stances give the .same or a higher mass
concentration (by up to about 20 %) than
equipment .matching the respirable convention
given in .8.$,. so the use of equipment matching the
Johannesburg convention will be consistent with
the European Directive . .
The conventions should not be used in association
with limit values defined in completely different
tenns, for example for fibre limit values defined in
terms of the length and diameter of fibres .

.a

2 Definitions
Bbr the puiposesof this standard, the following
definitions apply .
2.1 sampling convention

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

- inn the case of inhalable convention, the ratio
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 particless entering
the specified region of the respiratory tractt 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 .)

Source: https://www.industrydocuments.ucsf.edu/docs/lhbd0092
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2.2 particleaerodynamic diameter
The diameter of a sphereof density 1 g•cm-3 with
the same terminal velocity due to gravitational
force in calm air, . as the particle, under the
prevailing eonditionsoftemperature', pressure and
relative .humidity (see clauae 4) .
Nd9E . Fbr particles of .aerodSmemiC diameter Iere than 0,5 Nn,
the particle dlf0tsbn diameter should be used instead of the
particle aesodynsmic dfamet¢'1Le partialedlffuafoR diameter
meane the diameter of a sphere with the eeme dltfueion
eoeiedent as the particle under the plevaihng conditions of
tempe .atme, preseme and. relative hunddi[y. .

2
.3 Ynbalable fraction The mass fraction of total airborne particles which

is inhaled through the nose and mouth .
.NQ1E:'lbe' Inhatsble hactlon depends on the speed and '

dhectlon of the ai[ movement, on breethhM rate and other
6ctme .. . .

. 2
.4 inhalable convention A target specification for sampling instruments

when the inhalable fraction is the fraction
of interest.. . . .

2.5 e:trathoradc fraction

3 Principle of conventions
The sampling conventions 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 2.3). bbr some
substances, the subfractions of this whichh
penetrate beyond the larynx, or to the unciliated
airways areof special significance for health . This
standard presents conventionalized curvea
approximating to the fraction inhaled and the
subfracttons 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). : Extrathoeacac(see 2.6) and
tnu.heobronchial (see 2.10) conventions may be
calculated from these. Insttruments used for
sampling needto confonn with the sampling

; eonvention appropriate to there~on of the
-respiratory tractwhere deposition of the substance

being measured might lead to biological effect
. Fbr example, the iinhalable convention would be chosen

if the substance might lead to a biological effect
wherever it deposited, the thoracic convention

The mass fraction of inhaled particles failing to would be chosen if the .region was the bronchi, and
penetrate beyond the larynx. the resphable convention if the region was the

alveoli.
2.6 extrathoracic convention

target specification for sampling instruments . . Instruments can be used to collect ind"¢vidualA
. estrathoradc fraction is of intereat.

. , fractions according to the conventions, or to collect
when the .. several fractions simultaneously. Fbr example, an
2.7tho[acfc frattfon -, . . .. . . . , . . . . instrument could collect particles from the air

The mass fraction of inhuled particles penetrating according to the thhalable mnvention, and then
beyond the larynz. ~p~~ ~ mater~ blto portions accordhlg to. . . : - thoracic, teacheobroncti3al and respirable .
2.8 thoracic convention . .Conventiona. Alternatively, an instrument might
A target apeatication for sampling instruments just collect the respirable ftactionn from the air. In
when the thoracic fraction is of irlterest. -thSscase, the design would have to ensure that

dynamic effects,tracheobronchial fraction -- - selection at the entry due to aero
2.9 and subsequently within the instrument, was such
The mass fraction of inhaled particles penetrating ., that the overall selection was in accordance with
beyond~ the larynx, but failing to penetrate to the the conventions .
unciliated airways

. 2.10 tractieobronchi®l convention 4 Assumptions and approximations
A target specification for sampling ulsti~nnet4ts
when the tiacheobronchial fraction is of interest .

2
.11 respirable fraction The masa fraction of inhaled particles penetrating

'to the undliated airways. .
2.12 respirable convention
A target specification for sampling instruments
when the respirable fraction isof interest.

2.13 total airborne particles
All particles surrounded by air in a given volume of
aic
NOfE. Because all meaeming inslruments are size•selective to
eome extent, it is often hnpoesibh to mearme .the total airborne
pert6de emncentratlon ., .

Apprmvnations and assumptions are unavoidable
in simulating by sampling conventions the very
complexintemction 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 air
movement - speed and direction - on
breathing rate, and on whether breathing is by
nose or mouth. The values given in the hnhalable
convention are for representative values of
breathing rate, and averaged for all wind

:t
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directions. This is appropriate for an individual
unifonnlyexposed 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 usually faced the wind,
particularly in windspeeds greater than 4 m•s' 1 .
- The respirable and thoracicttactionsvary
fromindividual 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 thee fraction
depositing there. In general, particles must
deposit to have a biological effect. : In this
respect, the conventions will lead to an
overestimate of the. potential biological effect .
The most important example is that the
respilable convention overestimates the fraction
of very small particles which are deposited in the
unciliated airways, because a fraction of these
particles is exhaled without being deposited . in
many workplaces, these very smatl particles do
not contribute much to the sampled mass .
- The thoracic convention approximates tothe
thoracic fraction during mouth breathing, which
is greater than the thoracic fraction during nose
breathing. The extrathoracic convention can
therefore underestimate the 'worst case'
extrathonuic fraction, which occurs during nose
breathing.

5 Specifications for converttions
5.1 Inlmlable convention
Sampling of the inhalable fraction shall conform
with thee followingg convention : the percentage Et
of airborne particles of aerodynamic diameter D in
micrometres which are .to be collected shall be
given by.
EI - 50(1 + exp[-O,O6D]) (1)

Some values given by this equation are given in
table 1 and illustrated in figurg.E
NUlE. Experimental data on the InM1alable fi'scuon do not yet
exist for P> 100 µm, and the convention should not be
applied to larger particlrs .
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6.2 Thoracic convention

Sampling of the thoracic fraction shall conform
with the followingconventions :g the percentage Er
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 1,5 .
A numerical approximationn for ease of calculation
is given in annex B. Not,e that FT is calculated from
the inhalable convention

. The fraction of the total airborne particles
(see 2.13) at ann aerodynamic diameter D is
obtained by multiplying Er by 0,011E, fromm
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 µm ate in the thoracic fraction .

6.3 %apirable convention
Sampling of the respirable fraction shall be as
follows: the percentage ER of the inhalable fraction
convention which is to be collected at an
aerodynamic diameter D in micromettes shall be
given by a cumulative log-normal distribution with
a median diameter of 4,25 µm and a geometric
standard deviation of 1,6-
A numerical approximation for ease of calculation
is given in annex B. Note that Ea is calculated
from the inhalable convention .
The fraction of the total airborne particles
(see 2.13) at a* aerodynamic diameter D is
obtained by mHltiplying Eg by O,O1Fq from
equation (1). Samevalues obtained are given in
table 1 and illustrated in figure 1 .
NOTE. Attention is dlawn to clause 1 on the use of other
comendons.

5.4 Eztrathoradc convention
The extrathoracic convention shall be calculated as
(EI - F.r) (see 6.1 and 5.2) at each aerodynamic
diameter D.
6.6'lYacheobronchlal convention
The tracheobroncldal convention shall be
calculated as (Ep - Eg) (see 6 .22 and 5.3) at each
aerodynamic diameter D .

Source: https://www.industrydocuments.ucsf.edu/docs/lhbd0092
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'Eable 1 . Numerical veluess of the conventions, as percentages of the lnhalable convention or of
Itotal airborne particles I

As percentage of h&&WA• Aos percentege of total

Auodynaule lnholable Thornetc 6esplrable . Inh.lab4e lforufe . Fespireble Aerodynsmtc

diameter convention convention convention convention convention conrention_ diameter
D lM Er Es Ei F"m " Fj Ec x F, D

µm % % % % % % µm

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 91,4 ' 2

3 100 i100 80,5 91,7 91,7 73,9 3

4 100 I, 99,6 65,9 89,3 89,0 50,0 4

5 . 100 98,1 . 34,4 87,0 85,4 30,0 5

6 100 94,9 19,8 ~I 64,9 80,5 16,8 6

7 100 89,5 10,9 82,9 74,2 9,0 7

8 100 82,2 6,9 80,9 66,6 4,8 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 55,5 I 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 0,1 15

16 ° 100 21,6 0,1 69,1 15,0 't0 16

18 100 . 14,1 0 67,0 9,6 18

20 100- 9,1 65,1 5,9 20

25 100 3,0 61,2 1,8 25

30 100 ' 1,0 58,3 II 0,6 30

36 100 0,3 56,1 ' 0,2 35

40 100 . . 0,1 64,5 0,1 40

50 100 0 52,5 0 50

60 100 51,4 60

80 100 50,4 80

100 100 50,1 100

1
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80

Rercentage of
totall airborne
particles in
convention

Inhatable convention

Respirable Thoracic convention
convention

-- _~~J_..~ _ l _ ,<

3 4 5 7 10 20 30. 40 50 70 100

Aerodynamic diaASeter pm

Figure 1. The inbnlable, thoracic and respirable conveAi3ons as percentages of
total airborne particles
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Annex A (informative) Annex B (informative)
Nomenclature of inhalable and Numerical approximations to
respirable fractions in English cumulative log-normal distributions
The term 'inhalable' is used in the English version Fbr convenience of calculation, the folbwing
of this standard because it is the word most approxrimationsmay be used in calculating Er and
naturally describing the meaning of the fraction for Eg . This formula gives Er and Eg as aa percentage .
which it is used. There has been some confusion E- 100(1 - G) if D s M
over terminology in the past . 'Inhalable' was used E- 100G if D z M
in the late 1970s in European English-language
literature with the same meaning as in this y iy absolute value of loge (D/M)
standard. LSO,"1'R 7708 and the Directive - - - .(2) l
88/642/EECused the name Ynspirable' for thisG- 0,6(1 + 0,14112821y + 0,08864027y2 +
fraction, and the terms'inspirable' . and'inhalable' + 0,02743349pr3 - 0,00039446y} +
are equivalent. The US Environmental Protection + 0,00328976y6)-$

- .Agency for a ttiqie used_'inhalable' for what is now
called 'total ttioracie particulate' or `PM10' . EPA Fbr thoracic fraction, E- Er If M - 11,64 µm ; D
no longer uses the term 'inhalable', and so this is particle .aerodynamic diameter in micrometres .
standard hm adopted the term withh its original Sifr respirable fraction, E- Eg if M - 4,25 µm ; . D
meaning. is particle aerodynamic diameter in micrometres.
Theterm'nespirable' has been used in English for
the fraction penetrating to the unciliated airways
since at least 1952 ([2[,[7]). L40rPR 7708 adopted
the term 'alveolar' ; partly because of the risk of
confusion between 'respirable' and 'inspirable', but
as this European Standard uses the term 'inhalable'
this argument no longer applies, andd the familiar
term 'respirable' has beenn adopted .
The equivalent terms are :

Germ.n Ihmch 6ngnsn

einatembar inhalable inhalable- ,
alveoleng6ngig alv6olaire respaable~
thonilo¢ thoracique thoracic

Source: https://www.industrydocuments.ucsf.edu/docs/lhbd0092
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Annex C(informative) [8] MR.LER, F.J., MARTONEN, 1:.B., MENACHE,
'

Bibliography

[I] Directive 88/642/EEC amending
.Directive80/1107lEECon the protection of workers

from the risksielated to exposure to
chemical,, physical and biological agents at
work .

[2] HAMD.'1C)N, J.R. and WALTON, . W.E .. (1961)

[3]

The selectiue .sampling of raspim.ble dust
Inhaled particles and valwurs (C .N. Davies,
ed.) pp . 466-476. (Pergamon Press, Oxford) .
HASTINGS, C: . (1955) Apprvximations for
digital com.puters. (Princeton Univeisity .
Press) .

[4] HEYDER, J .,. GEBHARD, J., RUDOLPH, G .,

[6]

SCHILLER, C.F., and STAHLiiOFEN ;. W.
(1986) Deposition of particles in the human
respiratory tnsct in the size ran®e .
0.0016-15 µm..J. AerosolScE., 17, 811-826

.Also, Ermtum. J. Aeroaol3ci., 18, 353.

ISOPI'R 7708 : 1983 Air quality'- Particle
size fraction . dglinitions for heaGle-related
sampling. '1L•chn. Rep. (International
Standardization Organization, Geneva).

[6] LIPPMANN, M ., GURMAN, J . and
SCHLESINGER, R.B. (1983) ROIerf particle
deposition in occupational lungdisedse.
Aeraaols in the mining and indvsdrialwork
environments. (V.A. Marple and B.7GE. Liu,
eds.) Vol. 1, pp. 119-137. (Ann Ar,boS Ann
Arbor), ISBN 0 250 405318 . .'. .

[9]

[10]

1C)R, D.M. andM.G., GRAHAM, . R.C:, SPEK
LIPPMANN, M . (1985) Ir{/luence of bivathing
mode and activity leuel on the regional
deposition qj inhaled particles and
implications for reyula[ory standards:
Inhaled particles VI (J. Dodgson, R. I.
McCallum, M .R.. Bailey and D.R. P9she; eds .))
pp..3-10. (Peegamon Press, Oxford), ISBN
0 08 034185 3 .
OGDEN, T.L. and BIRKETT, J.L. (1977) 77te
human head as a dYGst sampler. Inhaled
particles IV (W.H. Walton, ed .)) pp . . 93'-105 .
(Pergamon Pre.ss, . Oxford) ISBN 0 08 020560 7 .
PHALEN, R-E,.HINDS, W.C., JOHN, W.,
LIOY, P.J .,. LIPPMANN, M ., McCAWLEY, M .,
RAABE, O:G., SODERHOLM, . S .C.., . STUART,
B.C. (1986) Rationale and recommendations
for particle size-selectivesampl•ing in the
workplace. AppG Ind Ifyg . 1, 3-14.
RUDOLP, G., STANLHOFEN,. W. and JAMES,.
A.C. (1988) Extrathoracic aerosol deposition
for nose and mouth breathing :
intercomparison and model . J. Aerosol Med., .
1, 209-210..

[12] SODERHOLM, S.C. (1989) Proposed

[13]

[7] LIPPMANN, M. and HARRIS, W.B. (1962f[14]
Size-selective samplers for estiroating
'respirable' dust concentrations. Health Phys.
8, 165-163m

international conventions for particle
size-selective sampling . Ann. Occup. Hyg . 33,
301-320 .
STUART, B.O. LIOY, EJ., PHALEN, R

.E(198fi) Particle size-selective sampling in
establislu~t]ueshold limit vallues. . App[. Ind
H~. 1, 1 144 . .
VINCENT, J .E : . (1989) Aerosol sampling
science and pmctice. (John Wdeg, Chichester)
ISBN 0 471 92176 0.

Source: https://www.industrydocuments.ucsf.edu/docs/lhbd0092



13 ~~
BS EN 481 1993'

National annex NA (informative)

Committees responsible
The United Kingdom participation in the preparation of this European Standard was entrusted by the
Environment and Pollution Standards Policy Committee (EPC/-) to'Ipchnical Committee EPC/35, upon
which the following bodies were represented :

Association of Consulting Scientists
British Cement Association

British Coal Corporation
British Gas plc
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Department of 1Yade and Industry (Warren Spring Laboratory )
European Resin Manufacturexs'Association
GAMBICA (BEAMA Ltd . )
Health and Safety Executive
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Institution of Envh!unmental HealthOfficeis
Institution of Gas Engineers
National Society of Clean Air
Royal Society of Chemistry

Thefollowingbodies were also represented in the drafting of the standard, through subcommittees and
panels :

Asbestos.Information Centre Ltd .
Asbestosis Reseaneh Council
British Occupational Hygiene Societ

y Chemical IndustriesAssociatlon
Engineering Equipment and Materials Users' Association
Fl'bre Cement Manufacturers' Association Ltd .
Institute of Energ y

Institute of Occupational Medicine
London ReaonallTansport
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BSI is the independent national body responsible for preparing British
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international level . It .is incorporated by Royal Charter.

Contract requirements
A British Standard does not purport to include all the necessary provisions of a
contract . Users of British Standards are responsible for their correct
application.

HevisionaBritish Standards are updated by amendment or revision . Users of British
Standards should make sure that they possess the latest amendments or
editions.

Any person whofmds an. inaccumcyor ambiguity while using this British
Standard should notify BSI without delay so that the matter may be
investigated swiftly:

BSI offers members an individual .updatimg service called PLUS which ensures
that subscribers automatically receive the latest editions of standards .

Buying British Standards
Orden;for all British Standard publications should be addressed to the Sales
Department at Milton Keynes .

Information on standards

BSI provides a wide range of information onn national, European and
international standards through its Libtary, the Standardline Database, the BSI
Information 1Echnology Service (BITS) and its TEchnical Help to Exporters
Service. Contact Customer Services, Information ServicesGmup at Milton
Keynes : Tl'I: 0908 221166,

Subscribing members of BSI arc kept up to date with standards developments
and receive substantial discounts on the purchase price of standards . Ebr
details of these and other benefits contact the Manager, Membership
Development at Milton,Keynes: 1kL•. 0908 220022. ~„

Copyright . .

Copyright subsists in all BSI publications and no part may be reproduced in
any form without the prior permission in writing of BSL This does not
preclude the free use, in the course of implementing the standard of neeessary
details such as symbols and size, type or grade designations including use by
incorporation into computer ptogrem.s,, but where these details are reproduced
including without limitation in printed form, ln computer programs or in any
other form whatsoeveS the permission in writing of BSI must be obtained and
if granted will be on terms including royalty,, before the product is sold,
licensed or othertivise exploited for commetcial gain . Enquiries about copyright
should be madE to ttle Copyright Manager, Publications at Milton Keynes .
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