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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

When evaluating the consequences to human life, the crucial criterion for life safety in fires is that the time
available for escape be greater than the time required for escape. (Within the context of this International
Standard, escape can be to a place of safe refuge.) The sole purpose of the methodology described here is to

provide a framework for use in estimating the time available for escape.

The ‘ime available for escape is the interval between the time of ignition and the time after whi

ch conditions

become untenable, such that occupants can no longer take effective action to accomplish-their jown escape.
Untenable conditions during fires result from

a) exposure to radiant and convected heat;

b) inhhalation of asphyxiant gases;

c) exposure to sensory/upper-respiratory irritants;

d) Visual obscuration due to smoke.

The fme available for escape is the calculated time interval between the time of ignition and the {ime at which
conditions become such that an occupant is unable to take effective action to escape to a safe refuge or place
of safety. As occupants are exposed to heat and fire effluénts, their escape behaviour, movemept speed and
choige of exit route are also affected, reducing the efficiency of their actions and delaying |escape; see

ISO/TR 13387-8. These factors affect the time required for escape and are, therefore, not cons
Interpational Standard.

The

specific materials or products and cannaot,(therefore, constitute a test method. Rather, the equ
International Standard are used as input to a fire hazard or risk analysis; see ISO 13387 (all partg

ethodology described here cannot be used alone to evaluate the overall fire safety pe

dered in this

formance of
htions in this
)- In such an

analysis, the calculated time availablé for escape depends on many characteristics of the fire, the enclosure

and

comb
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interr
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he occupants themselves. The' nature both of the fire (e.g. heat release rate, quantity

ustibles, fuel chemistry)-and of the enclosure (e.g. dimensions, ventilation) determine

pntrations, the gas and wall temperatures and the density of smoke throughout the en
on of time. The characteristics of the occupants (e.g. age, state of health, location relatiV
ty at the time of-exposure) also affect the impact of their exposure to the heat and
elationship of all'these factors is shown schematically in Figure A.1. Furthermore, estimatior
ermined in part-by assumptions regarding the position of the occupants' heads relative to th
that forms.néar ceilings and descends as the fire grows. As a result of all these factors, eac
to have'a-different estimated time available for escape (see also Clause A.5).

and types of
he toxic-gas
Closure as a
e to the fire,
smoke. The
of exposure
e hot smoke
N occupant is

X A describes the context and mechanlsms of the f|re effluent tOXICIty component of life t

suchla

reat. Effects
), as well as

the effects of both sensory/upper-resplratory irritants (A.4.2) and pulmonary irritants (A.4. 3) are considered.

The heat component of life threat encompasses exposure both to radiant and to convective heat.

The initial impact of visual obscuration due to smoke is on factors affecting the time required for occupants to
escape (see Clause A.2). This aspect of smoke obscuration is, therefore, not considered here. However,
smoke obscuration of such severity that occupants become disoriented to a degree that prevents effective
action to accomplish their own escape also places a limitation on the time available for escape and is
considered in this International Standard.

Based upon available human and animal data, but in the absence of definitive, quantifiable human data, the
effects of asphyxiant toxicants, sensory irritants, heat and visual obscuration are each considered as acting
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independently. Some degree of interactions between these components are known to occur (Clause A.6), but
are considered secondary in this International Standard.

The toxic effects of aerosols and particulates and any interactions with gaseous fire-effluent components are
not considered in this International Standard. Based upon available human and animal data, it is known that
the physical form of toxic effluents does have some influencing effects on acute incapacitation, but they are
considered secondary to the direct effects of vapour-phase effluents and are not readily quantifiable.

Adverse health effects following exposure to fire atmospheres are not considered in this International
Standard, although they are acknowledged to occur. Pre-existing health conditions may be exacerbated and
potentially life-threatening sequelae may develop from exposure both to asphyxiants and to pulmonary

nd- A4 -2\

irritants (A.3

The equatiofs in this methodology enable estimation of the status of exposed occupants at discrete]

intervals thrg
occupants fr
required for
serves to e
insufficient a

The guidanc
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particular, th
potential life
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This Internat
to determine
fire scenario|

Annex A is fq

bm taking effective action to accomplish their own escape. Comparison of this time with the
occupants’ escape to a place of safety (determined independently, using other methodo

vailable escape time, a variety of protection strategies then require g¢onsideration by th
safety enginger.

b in this International Standard is based on the best available scientific judgment in using a
e methodology might not be protective of human health after‘escape, as the interactions

tely characterized and validated.

o7 o)

ughout the progress of a fire scenario, up to the time at which such exposure. ¢an pr|

aluate the effectiveness of a building's fire safety design. Should such. eomparison T

less-than-complete knowledge base of the consequences of human exposure to fire effluer

threats and the short- or long-term consequences of heat and fire-effluent exposure hay

onal Standard includes an indication of uncertainty~for each procedure. The user is encou
the significance of these and all other uncertainties in the estimation of the outcome of a

r information only.
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INTERNATIONAL STANDARD

ISO 13571:2007(E)

Life-threatening components of fire — Guidelines for the
estimation of time available for escape using fire data

1

This |nternational Standard is only one of many tools available for use in fire safety enginegring.
to be|used in conjunction with models for analysis of the initiation and development ofifire; fire s
formation and movement, chemical species generation, transport and decay and pedple moveme|
fired

This
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2

The

refergnces, only, (the edition cited applies. For undated references, the latest edition of th
docu

ISO

cope

btection and suppression. This International Standard is to be used only withinthis context.

International Standard is intended to address the consequences of hutman exposure to {
onents of fire as occupants move through an enclosed structure. Thefime-dependent cong
ffluents and the thermal environment of a fire are determined by, the) rate of fire growth, the

ation pattern within the structure (see Clause A.1). Onceg) these are determined, the

onents of fire hazard analysis in terms of the status.of exposed human subjects at discrete
kes possible the determination of a tenability endpeint, at which time it is estimated that occt
r able to take effective action to accomplish their own escape (see Clause A.2). Th
onents addressed include fire-effluent toxieity, heat and visual obscuration due to smoke.
resented for assessment of fire-effluent toxicity: the toxic-gas model and the mass-loss mod

pbants to escape, the toxic effects of aerosols and particulates and any interactions with
nt components and adverse health effects following exposure to fire atmospheres are not ¢
hternational Standard (see.the Introduction).

Normative references
following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.

13943, Fire safety — Vocabulary

It is intended
read, smoke
nt, as well as

he life threat
entrations of
yields of the

s fire gases produced from the involved fuels, the decay chafacteristics of those fire gases and the

methodology

nted in this International Standard can be used for the estimation of the available escape tine.

International Standard provides guidance on establishing the procedures to evaluate the life threat

ime intervals.
pants are no
e life threat
'wo methods

B|.

cts such as the initial impact of visualobscuration due to smoke on factors affecting the tim¢ required for

jaseous fire-
onsidered in

t. For dated
b referenced

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13943 and the following apply.

31

asphyxiant
toxicant causing loss of consciousness and ultimately death resulting from hypoxic effects, particularly on the
central nervous and/or cardiovascular systems
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3.2
concentration-time curve
plot of the concentration of a gaseous toxicant or fire effluent as a function of time

NOTE The typical units for the concentration of a toxic gas are pl-I-! and, for fire effluent, g-m=3. The units of pl/l are
numerically identical to ppm by volume, a deprecated unit.

3.3

escape

effective action by occupants to accomplish their own escape to a place of safe refuge

3.4

exposure dgse
measure of g gaseous toxicant or of a fire effluent available for inhalation, calculated by integration ofthd area
under a condentration-time curve

NOTE THe typical units are pl-I="-min for a gaseous toxicant and g-m=3min for fire effluent.
3.5

fractional effective concentration

FEC

ratio of the cpncentration of an irritant to that expected to produce a specified effect-en an exposed subject of
average susgeptibility

NOTE 1  Ag a concept, FEC can refer to any effect, including incapacitation, lethality or even other endpoints. Within
the context of this International Standard, FEC refers only to incapacitation.

NOTE 2  When not used with reference to a specific irritant, the term FEC/ represents the summation of FECs [for all
irritants in a cqmbustion atmosphere.

3.6
fractional effective dose
FED
ratio of the eéxposure dose for an asphyxiant toxicantto that exposure dose of the asphyxiant expected to
produce a specified effect on an exposed subject of‘average susceptibility

NOTE 1  Ag a concept, FED can refer to any effect, including incapacitation, lethality or even other endpoints. Within
the context of this International Standard, FED refers only to incapacitation.

NOTE 2  When not used with reference t0 a specific asphyxiant, the term FED represents the summation of FEPs for
all asphyxiantg in a combustion atmospherfe.

3.7
incapacitatipn
inability to take effective action to accomplish one's own escape from a fire

3.8
irritant, sensory/upper'respiratory
gas or aerospl that;stimulates nerve receptors in the eyes, nose, mouth, throat and respiratory tract, causing
varying degrees of discomfort and pain along with the initiation of numerous physiological defence responjses

3.9

LCso

concentration of a toxic gas or fire effluent statistically calculated from concentration-response data to produce
lethality in 50 % of test animals within a specified exposure and post-exposure time

NOTE The typical units are pl-I=" for a gaseous toxicant and g-m3 for fire effluent.

3.10
measure of lethal toxic potency equal to the product of LCs, and the exposure duration over which it was
determined

NOTE The typical units are pl-I="-min for a gaseous toxicant and g-m=3.min for fire effluent.

2 © 1SO 2007 — All rights reserved
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3.1
mass-loss rate
test specimen mass loss per unit time under specified conditions

3.12

available safe escape time

ASET

for an individual occupant, the calculated time interval between the time of ignition and the time at which
conditions become such that the occupant is estimated to be incapacitated, i.e. unable to take effective action
to escape to a safe refuge or place of safety

NOTE 1
may lje based upon an estimate working back from the fime of detection. Tt is necessary fo state the basi
time qf ignition is determined.

The time of ignition may be known, e.g. in the case of a fire model or a fire test, or it may be assumed, e.g. it
b on which the

NOTE
neceg

2  This definition equates incapacitation with failure to escape. Other criteria for ASE[l are [possible. It is

sary to state if an alternative criterion is selected.

NOTHB 3  Each occupant may have a different value of ASET, depending on that occupant’s personal chafacteristics.

3.13
time
RSE]
calcu
refug

required for escape
-

lated time required for occupants to travel from their location at the time of ignition to a
3]

blace of safe

3.14
toxic
poter

hazard
tial for harm resulting from exposure to toxic productsof combustion

4 GGeneral principles

4.1 | Time available for escape

fective action
sideration of

The 1
to ad
asph

me available for escape from a firg is that time after which occupants can no longer take eff
complish their own escape. It is the shortest of four distinct times estimated from con
yxiant fire gases, irritant fire gases, heat and visual obscuration due to smoke.

4.2 | Toxic-gas model

4.2.1
detrin
letha
cyan

deprgssion due_to hypoxia. This permits a reasonable estimation of incapacitating effects on h

from
pulm

The toxic-gas ,models described in this International Standard address effects that ar
nental to humanp-escape, rather than lethality. Effects that are detrimental to escape and tho
ity are bothdose-related in the case of the asphyxiant fire gases, carbon monoxide a
de. Both toxicants are transported by the circulatory system and result in central ner

lethality~data. On the other hand, sensory/upper-respiratory irritation that is detrimental to
bnary, ‘(deep lung) irritation leading to lethality are physiologically unrelated and m

b considered
be that cause
hd hydrogen
vous system
man escape
escape and
bchanistically

indepgendent. The detrimental effects of sensory/upper-respiratory irritants are manifest by lachrymation, pain
in the nose, throat and chest tightness, coughing, laryngeal spasms and broncho-constriction (comparable to
an asthma attack) and are concentration-related. Lethality from pulmonary irritation is often due to pulmonary
oedema or obliterating bronchiolitis, which require a latency period to develop. These effects are dose related.
Because of their different physiological mechanisms, human sensory/upper-respiratory irritant effects cannot
simply be deduced from an arbitrarily selected lower dose than that required to cause lethality, particularly
when derived from an animal model.

NOTE Apart from the difficulties in transposing such animal data to humans, it is also necessary to realize that an
animal model is associated only with a specific human response and is not a model for the entire collective human
physiological system.

4.2.2 The basic principle for assessing the asphyxiant component of toxic hazard analysis involves the
exposure dose of each toxicant, i.e. the area integrated under each concentration-time curve. Fractional
effective doses (FEDs) are determined for each asphyxiant at each discrete increment of time. The time at
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which their accumulated sum exceeds a specified threshold value represents the time available for escape
relative to chosen safety criteria.

4.2.3 The basic principle for assessing the irritant gas component of toxic hazard analysis involves only the
concentration of each irritant. Fractional effective concentrations (FECs) are determined for each irritant at
each discrete increment of time. The time at which their sum exceeds a specified threshold value represents
the time available for escape relative to chosen safety criteria.

4.3 Mass-loss model

The mass-loss model provides for a simple assessment of the time available for occupants’ escape using the
total fire-effluent lethal toxic potency data obtained from laboratory test methods (ISO 13344). However, it
does not digtinguish between the toxic effects of different fire-effluent components. The basic prifciple
involves the [exposure doses of the fire effluents produced from materials and products, i.e. the.intedrated
areas under| their concentration-time curves. Fractional effective doses (FEDs) are determined for fire
effluents at g¢ach discrete increment of time. The time at which their accumulated sum exceédsa speified
threshold value represents the time available for escape relative to chosen safety criteria.

4.4 Heat and radiant energy model

used
eeds

Heat and rag
for fire gaseg
a specified th

iant energy are assessed using a fractional effective dose (FED) model analogous to that
. The time at which the accumulated sum of fractional doses of heatyand radiant energy exd
reshold value represents the time available for escape relative to/chosen safety criteria.

4.5 Smoke-obscuration model

This
moke
oors,
he so

time

As smoke ad
results in a
intensity, ocd
walls, windo
disoriented {l
available for

cumulates in an enclosure, it becomes increasingly difficult for occupants to find their way
significant effect on the time required for their escape. Moreover, at some degree of s
upants can no longer discern boundaries and beecome unaware of their location relative to @
vs, etc., even if they are familiar with the premises. When this occurs, occupants can becor
nat they are unable to effect their own escape: The time at which this occurs represents the
pscape due to smoke obscuration.

5 Signifi

51 The c

cance and use

bncepts of fractional effective dose (FED) and fractional effective concentration (FEC) are

fundamental
specified phy

5.2 Given
definition, wi
their own eg
distribution tH
average, wh

to the methodology of this) International Standard. Both concepts relate to the manifestat
siological effects exhibited by exposed subjects.

the scope of this~International Standard, FED and/or FEC values of 1,0 are associate
h sublethal effects that would render occupants of average susceptibility incapable of effq
cape. Theqvariability of human responses to toxicological insults is best represented
at takes dnto account varying susceptibility to the insult. Some people are more sensitive tha
le othérs*can be more resistant (see Clause A.5). The traditional approach in toxicology,

on of

d, by
cting
by a
n the
is to
more

employ a safety<factor to take into consideration the variability among humans, serving to protect the
susceptible qubpopulations!].

As an example, within the context of reasonable fire scenarios FED and/or FEC threshold criteria of 0,3 can
be used for most general occupancies in order to provide for escape by the more sensitive subpopulations.
However, the user of this International Standard has the flexibility to choose other FED and/or FEC threshold
criteria as is appropriate for chosen fire safety objectives. More conservative FED and/or FEC threshold
criteria may be employed for those occupancies that are intended for use by especially susceptible
subpopulations. By whatever rationale FED and FEC threshold criteria are chosen, it is necessary to use a
single value for both FED and FEC in a given calculation of the time available for escape.

NOTE At present, the distribution of human responses to fire gases is not known. In the absence of information to the
contrary, a log-normal distribution of human responses is a reasonable choice to represent a single peak distribution with
a minimum value of zero and no upper limit. By definition, FED and FEC threshold criteria of 1,0 correspond to the median
value of the distribution, with one-half of the population being more susceptible to an insult and one-half being less
susceptible. Statistics show [@ that at an FED and/or FEC threshold criteria of 0,3, then 11,4 % of the population is
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susceptible to less severe exposures (lower than 0,3) and, therefore, is statistically unable to accomplish their own escape.
Lower threshold criteria reduce that portion of the population. However, there is no threshold criterion so low as to be
statistically safe for every exposed occupant.

The ability of occupants to escape should not be construed as equating to no post-exposure harm to
occupants. Exposure to concentrations of fire-gas toxicants sufficiently close to those that are incapacitating
can result in a variety of effects that can impair escape and thus increase exposure intensity to fire effluents
and/or lead to post-exposure health problems; see Annex A. However, quantification of these effects,
especially under conditions where effective post-traumatic measures are common practice through medical
intervention, is beyond the scope of this document.

5.3 The time-dependent concentrations of fire effluents to which occupants, who are often on the move, are
expofed can only be determined using computational fire models and/or a series of real-scale.e}periments. It
is not valid to insert the concentrations of fire effluents or values of smoke optical density, ‘'obtained from
bench-scale test methods in the equations presented in this International Standard.

5.4 | The methodology described has not been and cannot be validated from experiments using people. It is
necegsary to recognize that uncertainty exists in the precision of the experimental data upgen which the
equafions are based, the representation of those data by an algebraic function, thé accuracy of[assumptions
reganding non-interaction of fire gases with each other and with heat, the susceptibility of people felative to the
suscgptibility of test animals, etc. These uncertainties are estimated in the_following sections.| As with any
engirjeering calculation, uncertainties should be included in the estimation of the overall uncertainty of a fire
hazafd or risk analysis. This enables the user to determine whetherthe-difference between the|outcomes of
two sjuch analyses are truly different or are irresolvable.

NOTEH The resulting uncertainty in the estimated time available te;escape depends in a non-linear mgnner upon the
uncerfainty in the FED and FEC calculations. (For instance, these uncertainties can have reduced impact or] the estimated
outcome of rapidly developing fires.)

5.5 | There is very little information on exposures of 4sh or more. Thus, the accuracy of the eqyations in this
International Standard and the resulting estimations<of the outcome of more protracted fire scenarios are not
known. The user of this International Standard.should exercise particular caution when making estimations
that ipvolve occupant exposure times exceeding1 h.

6 Toxic-gas models

6.1 | Asphyxiant-gas model

6.1.1| Fractional effective.doses (FEDs) are determined for each asphyxiant at each discrete |increment of
time.| The time at which, their accumulated sum exceeds a specified threshold value represgnts the time
available for escapecrelative to chosen safety criteria (see 5.2). The principle of the model in its $implest form
for cglculating the fractional effective dose, Xggp, is shown in Equation (1):

n' to Ci
XFED =ZZ(C¢)A At (1)

i=11

where

“ .9

C; is the average concentration, expressed in microlitres per litre, of an asphyxiant gas “i” over the
chosen time increment;

At is the chosen time increment, expressed in minutes;

(C-1); is the specific exposure dose, expressed in minutes multiplied by microlitres per litre, that can
prevent the occupants' safe escape.

© 1SO 2007 — All rights reserved 5
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6.1.2 An expanded form of Equation (1) is shown as Equation (2), where carbon monoxide (CO) and
hydrogen cyanide (HCN) are the asphyxiant gases and where the specific exposure doses are represented by
the factors [e.g. 35 000 corresponds to the incapacitating dose, (C-7), for CO of 35 000 pl-I-1-min] given for

each of these gases; see Notes 2 and 3.

t2 12

XreD = . 35%% + %:—exp(ZH;gM?)) At )
where
pco igtheaverageconeentrationexpressedin-microlitresperitre; of CO-overthe-timeinerement A,
oueN 1§ the average concentration, expressed in microlitres per litre, of HCN over the time increment, Az,
At ig the time increment, expressed in minutes.
It is estimatefd that the uncertainty in Equation (2) is £ 35 % based on the information in-Notes 1 to 7.
NOTE 1 Al| available evidence supports the working hypothesis that, in typical fire atmospheres, CO and HCN are the

only asphyxia
also produce
user is referre
significant at

uptake due to

NOTE2 TH

subjected to gn escape paradigm[®l. Using the Stewart-Peterson equation®], a dose of 35 000 pl-I-"min would pr

approximately

NOTE3 TH
shown was de

NOTE 4  TH
monoxide and
specific metak
uptake, is con
former requirs
adjustment in

NOTE 5

NOTE6 A
appropriate fo

NOTE7 It
likely, no quan

]

Gliidance on analyticalmethods is given in ISO 19701 and ISO 19702.

t combustion products that exert a significant effect on the time available(for escape. Oxygen vitiatig
sphyxiation, but its consideration is not required as long as O, concentrations do not fall below 13 %
[ to Reference [5] for consideration of O, concentrations less than-18 %.) The narcotic effect of CO,
he concentrations experienced in otherwise tenable fire atmospheres. The increased rate of asph
hyperventilation caused by CO, is addressed in 6.1.3.

e incapacitating dose, (C-f), for CO of 35 000 pl-I-'min was.obtained from experiments on juvenile ba
30 % carboxyhaemoglobin, COHb, saturation in humans having a respiratory minute volume of 20 I/m

e incapacitating dose, (C't), for HCN cannot e represented as a constant. The exponential exprd
rived from one using data obtained from studies on cynomolgus monkeys!®l.

e dose-effect data used in this subclalise*are based on human and non-human primate experience. G
hydrogen cyanide have identical pathomechanisms both in laboratory animals and in humans. Sp|
olisms that can modulate the texic-potency of these agents are not known. The dose rate, i.e. kine
monly higher for small animals when compared to humans, because the higher energy consumption

FED values be made to reflect interspecies differences in susceptibility.

moderate levelof physical activity, equivalent to brisk walking on a level surface, is assumed. Gui
other levels, 6f activity is available!d].

s assumed that heat and irritant gases have no effect on FED for asphyxiants. Although some effed
titative information is available. Any interactive effects are considered to be secondary.

n can

(The
is not
yxiant

boons
bduce
n.

bSsion

arbon
Ecies-
ics of
of the

s a higher ventilation per unit of body mass. It is, therefore, considered adequately conservative that no

Hance

ts are

6.1.3

In cases when the CO, concentration exceeds 2 % by volume, the concentration terms ¢cq and ¢cn

in Equation (2) at each time increment shall be multiplied by a frequency factor, vco,, to allow for the
increased rate of asphyxiant uptake due to hyperventilation[®l.

?co
Veo, = eXP{Tzl (3)
where ¢co, is the average volume percent of CO,.
NOTE Equation (3) is derived from an empirical fit to human hyperventilation, corrected for uptake inefficiencies in

the lung. It is accurate to within + 20 %.
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6.2 Irritant-gas model

6.2.1 The effects of sensory/upper-respiratory irritants and, to some extent, pulmonary irritants also, are
assessed using the fractional effective concentration (FEC) concept shown in Equation (4)[®]. As a first-order
assumption, direct additivity of the effects of the different irritant gases is employed. It is also assumed that the
concentration of each irritant gas reflects its presence totally in the vapour phase. Fractional effective
concentrations (FECs) are determined for each irritant at each discrete increment of time. The time at which
their sum exceeds a specified threshold value represents the time available for escape relative to chosen

safety criteria (see 5.2).

PHCI , PHBr , PHF | ¥SO0z , PNO, | Pacrolein , Pformaldehyde | <~ Pirritant

o —
L =

(4)

expected to

h the use of

eptible tissues;

Fucr Fuer  FHF F802 FN02 Facrolein Fformaldehyde FCi

wherg

p is the average concentration, expressed in microlitres per litre, of the irritant gas;

¥ is the concentration, expressed in microlitres per litre, of each irritant gas that is

seriously compromise occupants’ ability to take effective action to aecomplish escape.

It is pstimated, based on the information in Notes 1 to 5, that the uneertainty associated wit
EquTon (4) is £50 %. This could be significantly larger if the gproducts involved in the fire generate
toxicplogically important quantities of additional irritants; see 6.2.2.
NOTH 1 Respiratory-tract irritation is direct and occurs at the first eontact of an inhaled irritant with suscq
see A.4.2. Especially for very short exposures, species-specific metabolisms that can modulate the pof

irritanfs are not likely to occur. The effectiveness of an uppérirespiratory-tract irritant is commonly @
concgntration-dependent manner, while that of a lower-respiratory-tract irritant acts in a concentrat
dependent manner (see Note 2).

At th¢ beginning of an exposure, it takes some time for an irritant gas to equilibrate with the lining flu
ranes. However, there are no kinetic data for’this initial period, making it difficult to treat as concentra
dent. This International Standard, thereforej:considers sensory irritant effects as instantaneous.

Altholigh the equilibration appears to occur’ in a time-dependent manner at lower to moderate conc
equilibration transient appears to be negligible at higher concentrations. Thus, use of the FEC (rather thg
consiglered to be the appropriate optien.with the most hazardous exposures.

NOTH 2 In addition to causing sensory/upper-respiratory effects, most irritants can also penetrate deeper
causing pulmonary-irritation effects that are related both to concentration and to the duration of the expos
see A.4.3. Respiratory distress and even death due to pulmonary oedema can occur from a few hours td
days pfter exposure. These effects are not addressed in this International Standard since the primary go
calculation of the time, ayailable for people to remove themselves from the immediate danger of the fire. In
effectp of asphyxiants.and heat have reached critical levels well before a significant dose of lung irritants ha

NOTB 3 In.a.manner analogous to the concept of “engineering judgment”, “toxicological judgment” w4
the eptablishment of criteria expected to seriously compromise the ability of most exposed occupants
situatfons where occupants have minimal familiarity with their occupancy and where there is little or n

ency of these
escribed in a
on-times-time-

ds of mucous
ion-times-time

entrations, the
n the FED) is

into the lungs,
ure, i.e. dose;
up to several
bl is to enable
most fires, the
5 been inhaled.

s exercised in
to escape in
b presence of

escafe management; see A.4.2. Expert cognizance was taken of relevant data cited in References [5], [

51, [7] and [8].

Through consensus, the following F-factors are suggested for use in Equation (4).

Fug 1000 pl-I-* Fno, 250 pl-I-*
Fug, 1000 pl-I-* F o crolein 30 pl-I-"
Fye 500 pl-I-"1 Fiomaldehyde 250 plI-"1
Fso, 150 pl-I-*
NOTE 4  Guidance on analytical methods for these gases is given in ISO 19701.
NOTE 5  Since sensory irritation occurs on contact, it is assumed that irritant gases act in a simply ad

However, no studies involving humans or laboratory animals have been performed to validate this.

© 1SO 2007 — All rights reserved
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6.2.2 Numerous other irritant species can be formed in fires. The range of other effluent species selected
for analysis shall be broad enough to cover those species of toxicological significance that can reasonably be
expected to be released, based on the knowledge of the composition of the material under test and in
consultation with published documentation for exposure criteria for use in Equation (4).

NOTE Such irritants include, but are not be limited to, isocyatates, aldehydes, alcohols, ketones, nitriles and
phosphorus compounds.

7 Mass-loss model

71 Conce ses.
The basic FED concept can still be employed using mass loss, the volume into which fire effluentg are
dispersed and lethal toxic potency values as determined from laboratory test methods, e.g. ISO 13344

7.2 The v3lue of C; for the concentration of fire effluent produced from material or product,“i” is related to
the mass losg and the volume into which the fire effluent is dispersed as shown in Equationy(5):

c, == (5)

where
Am is tHe mass loss, expressed in grams;
vV is the volume, expressed in cubic metres.

7.3  Substitution of Equation (5) into Equation (1) yields Equation (6), which is now a mass-loss mode| (see
Note), rather|than one for toxic gases.

Xpep = ZZV?Z—*;‘) At (6)
1 i

where
Amg, is|the average accumulated mass loss, expressed in grams, over the time increment, Az,
vV is|the volume, expresséd in cubic metres;
At is|the time increment, expressed in minutes;
(C-1); is|one half:ef'the value of LCti, expressed as minutes times grams per cubic metre.

Care should petaken that the conditions under which laboratory test LCt5, data were obtained are relevant to

the type of fite-beirg-considered-HSO49706150-433445-

One half of the LCt5q is recommended as an approximate exposure dose when relating incapacitation to
lethality[11]. Although based on experimental data obtained from exposure of rats, this relationship is also
expected to be appropriate for human exposure (ISO/TR 9122-2). It should be recognized that LCs, or LCts,
values for fire effluents also include the effects of pulmonary irritants, but not necessarily those of
sensory/upper-respiratory irritants that can impact ability to escape (see 4.2.1).

NOTE The mass-loss model represents a considerable simplification for assessment of the life threatening effects of
fire effluents. It does not distinguish between the different effects of individual fire gases, but derives an estimate of toxic
potency from the overall lethal effects of a toxic effluent mixture, the composition of which depends on the material or
product decomposed in a laboratory test method and the thermal decomposition conditions in a test. The results from such
tests provide an estimate of lethal toxic potency related to a 30-min exposure period and a 14-d post-exposure
observation period. The lethal toxic potency estimate, therefore, includes lethality both during and after exposure. When

8 © 1SO 2007 — All rights reserved
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the data are derived from methods described in 1ISO 13344, the toxic potency data represent estimated lethal toxic
potency for specified gas mixtures. When the data are derived from animal exposures, they represent the total lethal
effects of the effluent mixture, including any interactions between all known and unknown individual toxic agents present,
as well as effects related to the physical form of the effluent in terms of gases and particulate. When several different
materials are involved in a fire, the toxic potencies of the effluent from each material are assumed to be directly additive in
relation to the estimated mass loss concentrations in the fire enclosure as a function of time.

7.4 Combustible fuel in a fire often consists of a mixture of materials and products that are unidentified as to
their nature and relative quantity. In these cases, a “generic” LCtsg value may be employed, i.e. 900 g-m~=3.min
for well-ventilated, pre-flashover fires and 450 g-m=3.min for vitiated post-flashover fires[10.11]. These values
are consistent with analysis of data obtained from laboratory tests on a variety of materials and products[11].
For prevention of occupants' escape, (C-¢); in Equation (6) then becomes 450 g-m=3-min for well-ventilated
pre-flashover fires and 220 g-m=>-min for vitiated post-flashover fires.

NOTEH The vitiated post-flashover exposure dose of 220 g-m=3-min for prevention of occupants'\escape provides for
occugants' exposure to 38 000 pl-I-"-min of CO (assuming a CO yield of 0,2). Using the Stewart—Pefersor| equation!4, a
dose [of 38 000 pl-I-"-min produces approximately 34 % carboxyhaemoglobin (COHb) saturdtion in humans having a
respirptory minute volume of 20 I/min (see 6.1.2, Note 2).

Uncerrtainties in calculations associated with using the pre-flashover and post-flashover values for prevention
of ocfupants’ escape are estimated to be + 75 % and + 30 %, respectively.

It is dqautioned that “generic” LCtg( values represent only an approximation. Their use is subject tp appropriate
sensitivity analyses, as well as to expert toxicological and engineeriig judgment.

7.5 | Fractional effect doses (FEDs) are determined for fire effluents at each discrete incremen{ of time. The

time jat which their accumulated sum exceeds a specified_threshold value represents the time|available for
escape relative to chosen safety criteria; see 5.2.

8 Heat

8.1 | There are three basic ways in which exposure to heat can lead to life threat:

a) hyperthermia;

b) body surface burns;

c) nespiratory-tract burns.

For use in the modellingof life threat due to heat exposure in fires, it is necessary to consider only two criteria:
— threshold ofsgcond degree burning of the skin;

— e¢xposure-where hyperthermia is sufficient to cause mental deterioration and, therefore, threafen survival.
NOT Thermal burns to the respiratory tract from inhalation of air containing less than 10 % by vdlume of water
vapour-do-net-ocetr-in-the-absence of-btras-te-the-skin-or-the-facethus—tenability limits—withregard-to-skin burns are

normally lower than for burns to the respiratory tract. However, thermal burns to the respiratory tract can occur upon
inhalation of air above 60 °C when saturated with water vapour.

8.2 The tenability limit for exposure of skin to radiant heat is approximately 2,5 kW-m~2. Below this incident
heat flux level, exposure can be tolerated for 30 min or longer without significantly affecting the time available

for escape. Above this threshold value, the time, 7,4, €xpressed in minutes, to second degree burning of skin
due to radiant heat decreases rapidly according to Equation (7)[12l:

lirad =6, 9‘1_1'56 (7)

where ¢ is the radiant heat flux, expressed in kilowatts per square metre.
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As with toxic gases, an exposed occupant may be considered to accumulate a dose of radiant heat over a
period of time. The FED of radiant heat accumulated per minute is the reciprocal of #,4.

NOTE Radiant heat tends to be directional, producing localized heating of particular areas of skin even though the air
temperature in contact with other parts of the body can be relatively low. Skin temperature depends upon the balance
between the rate of heat applied to the skin surface and the removal of heat subcutaneously by the blood. Thus, there is a
threshold radiant flux below which significant heating of the skin is prevented but above which quite rapid heating occurs.

The time to experiencing pain due to radiant heat, although not necessarily preventing occupants’ escape, can
have a behavioural effect on time required for escape. The time, ¢4, €xpressed in minutes, to experiencing
pain due to radiant heat is a somewhat more strongly inverse function of radiant heat than that for the burning

of skin. It is expressed by Equation (8)[12l:

firag =424 "° (8)
where ¢ is the radiant heat flux, expressed in kilowatts per square metre.
Based on th¢ above information, it is estimated that the uncertainty associated with the*use of Equations (7)
and (8) is + 25 %. Moreover, an irradiance of 2,5 kW-m~2 would correspond to a soufce surface tempetature
of approximgtely 200 °C, which is most likely to be exceeded near the fire, where“conditions are chapging
rapidly.
8.3 Calculgtion of the time to incapacitation under conditions of expgsure to convective heat from air
containing Ig¢ss than 10 % by volume of water vapour can be made using either Equation (9)[{3] or
Equation (10)[3].
As with toxic|gases, an exposed occupant can be considered to acéumulate a dose of convected heat dver a
period of timg. The FED of convected heat accumulated per minute is the reciprocal of ¢, -
8.3.1 The fime, ¢, expressed in minutes, to experiencing pain due to convected heat accumulated per
minute depends upon the extent to which an exposed.occupant is clothed and the nature of the clothing. For
fully clothed $ubjects, Equation (9) is suggested('3I;

fiony = [4,1x108)7 7381 9)
where T is the temperature, expressed.ih degrees Celsius.
8.3.2 For ynclothed or lightly clethed subjects, it may be more appropriate to use Equation (10)[®],

ficony = [5x107)7 %4 (10)
where the variables aré'the same as for Equation (9).
Equations (9) and (10) are empirical fits to human data. It is estimated that the uncertainty is + 25 %.
NOTE Tl’ UIIIIG: tU:UIGII\.’U data fUI UIIPIUtUUtUd OII\;II Uf hUIIIGIIO ouyycot (=} :;III;t Uf abuut 120 OC fUI \JU"VU\J‘LU heat,

above which there is, within minutes, the onset of considerable pain along with the production of burns(®!. Depending upon
the length of exposure, convective heat below this temperature can also cause hyperthermia.

8.4 The body of an exposed occupant may be regarded as acquiring a “dose” of heat over a period of time.
A short exposure to a high radiant-heat flux or temperature is generally less tolerable than a longer exposure
to a lower temperature or heat flux. A methodology based on additive FEDs similar to that used with toxic
gases may be applied and, providing that the temperature in the fire is stable or increasing, the total fractional
effective dose of heat acquired during an exposure can be calculated using Equation (11):

2
Xeep = D (Viirad* Y/ ticony )AL (11)

1
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In areas within an occupancy where the radiant flux to the skin is under 2,5 kW-m2, the term (1/t159) 1N
Equation (11) is set at zero.

The uncertainty associated with the use of Equation (11) is dependent upon the uncertainties with the use of
Equations (7), (8), (9) and (10).

8.5
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In the same manner as with toxic-gas exposures, the time at which the FED accumulated sum exceeds
a specified threshold value represents the time available for escape relative to chosen safety criteria; see 5.2.

Smoke-obscuration model

principle of the smoke-obscuration model is based on the concept of minimum detectable
inimum visible brightness difference between an object and a background. It is estimated th
ly cannot see their hands in front of their faces, thus becoming disoriented, when,confrontg
loss concentration of 20 g-m~3 for well-ventilated fires and 10 g-m~3 for under-Ventilated fi
ich this mass loss concentration is reached represents that after which occupants can n
ive action to accomplish their own escape.

1 Visual contrast, c,, is given by Equation (12)'4].

Ine,=-0opgmL

- is the mass specific extinction coefficient, expressed as,square metres per gram, for smoke aeros

Asm s the mass concentration of smoke aerosol, expressed in grams per cubic metre;

1 is the smoke-filled distance, expressed in metres, between an object and the viewer.

pls used here have been modified from those contained in Reference [14].
a minimum detectable contrast of 0,02 [, and a generic value of o (corrected for white light) for wel
b of 10 m2.g~1['8 it is calculated from Equation (13) that occupants cannot see more than

ximately 0,5 m (about an arm's length) at a mass concentration of light-obscuring smoke aerosol of 0,8

ion (13) can be used to convert the mass concentration of smoke aerosol to the correspondi
ntration produced from the\burning fuel in a fire:

Psm
Wsa

Pbf =

Aos s the mass loss concentration of burning fuel, expressed in grams per cubic metre;

contrast, i.e.
at occupants
d with a fuel
es. The time

longer take

(12)

©

-ventilated fire
A distance of
g-m3.

hg mass loss

(13)

Tm 1S e Smokemass concentration, expressedimgrans per cubic metre;

W, is the yield of smoke aerosol from the fuel given by Equation (14):
Wea = Ta
Mic
where
m, is the mass of the aerosol, expressed in grams;
my, is the mass, expressed in grams, of fuel consumed.

© 1SO 2007 — All rights reserved
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For well-ventilated flaming fires, a number of common plastics have aerosol yields of 1 % to 10 %, with wood being
somewhat lower. Although there is considerable scatter in the measurements, 4 % represents a typical yield, with a smoke
aerosol mass concentration of 0,8 g-m=3 then equating to a fuel mass loss concentration of about 20 g-m=3. For under-
ventilated flaming measurements in a small-scale device, the aerosol yields appear to double (with an uncertainty of
+ 50 %l"6]) and the yield from wood cribs increases into the same range as the plastics!'?]. Thus for under-ventilated
combustion, a smoke aerosol mass concentration of 0,8 g~m*3 equates to a fuel mass loss concentration of about
10 g-m~3. The change in the value of ois small compared to the change in yield and is neglected.

NOTE 2  Experiments have shown that the threshold of visibility for light-reflecting signs occurs at an aerosol mass
concentration of approximately 0,3 g-m=3.L-" and, for light-emitting signs, at approximately 0,8 g-m=3-L~1, where L is equal
to distances of 5 m to 15 m [8l. The former value is recommended for assessing the visibility of stairs, doors, walls, etc.
Assuming that the relationship holds at the shorter distance of 0,5 m (about an arm's length), it yields a threshold aerosol
mass concentration—of-0,6-g-m—3 abevewhich-cccupants—can—nolongertake—effectiveactionto—ascemplish-their own

escape. This is within reasonable agreement with the concept.

NOTE 3  In|many large- and small-scale tests, smoke is measured in terms of optical obscuration. This‘ aerosol|mass
concentration |of 0,8 g-m=3 over a path length of 0,5 m corresponds to a smoke optical density of 1,7>Smoke ¢ptical
density is defined as log1q (/y/]), the logarithm of the transmitted light to the emitted or reflected light from a source, pnd is
equal to — opy. L/2,3 [see Equation (12) for definition of symbols].

NOTE 4  THe best value for a mass loss concentration of smoke estimated to prevent ogcupants from accomplishing
their own eschppe is 20 g-m=3 for well-ventilated fires and 10 g-m=3 for under-ventilated, ficés. The uncertainty in [these
values is estimpated to be plus or minus a factor of two. This reflects

a) the wide yariation among measurements of smoke-yield data for a given materialy
b) the differgnces in smoke yields for different materials,
c) the fact that an extrapolation of the experimental findings to short distances has not been validated.

When the firg| involves a single material for which the aerosol yield has been measured under combustion conditions
germane to that fire, this uncertainty is significantly smaller.

NOTE 5  THe equivalent of people who are more susceptible to effects from the inhalation of gases are people Whose
vision is less grecise, i.e. who require a higher degree of contrast to discern an object against a background. There d@re no
data indicating what “exposure factor” provides for(the 'susceptible population in a manner equivalent to that in §.2 for
exposure to fire gases. However, using the same factor of 0,3 and recognizing the logarithmic dependerce of
Equation (12),|the resulting incapacitating concentration of smoke for this population would be 15 g-m=3 for well-ven}ilated
fires and 7 g-m~3 for under-ventilated fires with'the uncertainty estimated to be plus or minus a factor of two.

10 Report
The report shall include thé)following information for each fire scenario to be assessed:
a) time, expressed\in/minutes, available for escape from a fire, calculated independently for each ¢f the

compongents evaluated using the described methodology for asphyxiant gases, irritant gases, mass| loss,
heat and smoeke obscuration as well as the following details:

1) identification of all fire gases considered, including rationale for those chosen,
2) the safety criterion and associated threshold value selected for each component,
3) any additional assumptions made in the calculations;
b) the estimated time available for escape for each component, as well as the identification of that which is

the shortest (including consideration of uncertainties that may result in the time available for escape being
limited by multiple components).

12 © IS0 2007 — All rights reserved
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Annex A
(informative)

Context and mechanisms of toxic potency

A.1 Elements of fire hazard analysis

Figure A.1 gives the flowchart of the different elements which are necessary to analyse for a fire hazard.
gnition source > Fuel Ioaq anq compos!tion Stant
Potential fire scenario
Fuel type and fire growth rate
(heat release, spread and mass loss) Growth
Supbression _| Interactions between fire, fire enclosure
PP and ventilation influencing‘fire type
Fire effluent generation:
yields and.mass production rates
Building design Ny Effluent dispersal - Dep03|thr?/ Effluent
parameters decomposition dispersal
Toxic effluent and heat as a function Hazprds to
of time at the point of assessment occlipants
Procedure
Occupant location, . Assess tenability of occupants to ‘ detailed in this
type and activities o atmosphere at breathing zone International

Standard

Figure A.1 — Factors in determining the tenability of occupants to fire hazard
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A.2 Ability to escape

A.2.1 General

In addition to any pre-existing disabilities, there are both physiological and psychological effects associated
with exposure to fire and fire effluents that can impact significantly upon occupants' ability to take effective

action to acc

omplish their own escape.

A.2.2 Psychological effects

with

Psychologicg
various poss
choice of a
combination
respiratory t1
quantitatively

A.2.3 Physiological effects

Often there
ability of oc
negotiate es
smoke optic|
exacerbates
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Central-nerv
Clause A.3).
decreased a
these effects

A.3 Asph

A.3.1 Geneéral

An asphyxia
resulting in d
these toxican
of exposure.
monoxide an
capacity to ¢

A.3.2 Carbon.monoxide

T OTTTtT g

ible courses of action. The decision as to whether or not escape is attempted, as well\3
route, involves their perception of relative risks. This perception is, itself, influenced
of the sight of smoke and fire, the sensation of heat, and irritation of the eyes|and
act. Overall, these psychological effects of exposure to fire and smoke are difficult to eva
. Furthermore, their major impact is on the time required to escape.

bre a number of simultaneous physiological effects that can have-an impact upon the ph
tupants to escape. Visual obscuration by smoke affects the @bility of occupants to see
Cape routes efficiently. Experimental studies have shown the detrimental effects of incre
pal density upon movement speed and ability. Sensory/upper-respiratory-tract irritation
the effects of simple smoke obscuration, with the conseguence of affecting movement s
form aerobic work, and the ability to negotiate escape routes ['9] (see also A.4.2 and
pus-system depression results mainly from exposure to asphyxiant toxicants (see
The effects are made manifest by varying degrees of impaired judgement, disorient

can impact upon both the time available and-the time required for escape.

yxiant toxicants

nt is a toxicant causing-hypoxia (a decrease in oxygen supplied to, or utilized by, body tis
entral-nervous-system-depression with loss of consciousness and, ultimately, death. Effe
ts depend upon accumulated doses, i.e. a function of both concentration and the time or du

d hydrogen cyanide have received the most study and are best understood with respect tg
huse incapacitation and death of those exposed [51120],

s the
by a
ipper
luate

sical

and
psing
often
beed,
A.5).
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ation,

bility to perform aerobic work, loss of motor eo-ordination and unconsciousness. Colleclively,

sue),
cts of
ation

The severity of the’ effects increases with increasing dose. Among the fire-gas toxicants, carbon

their

The toxic ef

eCIlS OI Carbon monoxide are those O anaemic nypoxXia, characiteriZzed by a lowered oxygen-

delivery capacity of the blood, even when the arterial partial pressure of oxygen and the rate of blood flow are
normal. This is due to the affinity of haemoglobin for carbon monoxide being about 250 times greater than for
oxygen. An insight into the frequency distribution of human responses to intoxication by carbon monoxide can
be gained from Figure A.2, which shows the percent of total deaths in one study as a function of increasing
doses of carbon monoxide as represented by percent blood carboxyhaemoglobin saturation[21]. (The data in
the original reference include carboxyhaemoglobin measurements made by a variety of methods having
varying reliability. The distribution shown uses only the results from non-fire fatalities measured using gas
chromatography or a CO-oximeter, considered to be the methods with the most confidence. All the human
factors of gender, age, health and inebriation are represented to the same extent as in the original data set.)
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Figure A.2 — Frequency distribution of‘hon-fire CO deaths

Clear that there are human subpopulations that. are more susceptible than others to carb|
cation. Exposure to carbon monoxide at levelsginsufficient to cause death or even unconsc
in varying degrees of impaired judgment, disorientation, confusion and diminished physical
that inappropriate actions can be taken.Significant carbon-monoxide exposure can also r
sure neurological damagel2?], includinglencephalopathy and a resulting memory loss. The
delayed neurological impairment appears to increase with agel23l; see Clause A.5.

3 Hydrogen cyanide

bximately 25 times more\toxic than carbon monoxide, hydrogen cyanide owes its toxic €
de ion, which is formed)by hydrolysis in the blood. Unlike carbon monoxide, which remain
ood, the cyanide ien.is distributed throughout the body water and is in contact with the cq

h the utilization of oxygen in practically all cells. Its inhibition rapidly leads to loss of celly
oxic hypoxia), then to cell death. In contrast to carbon monoxide, cyanide does not ¢

ularly-susceptible. Also unlike carbon monoxide, a short exposure to a high concentration
deis_much more hazardous than a longer exposure to a lower concentration.
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A4

Irritant toxicants

A.4.1 General

In contrast to the direct effects of asphyxiant toxicants, the effects of exposure to irritants are much more
complex. Consequently, it is difficult to relate irritant concentrations quantitatively to their impact on ability to
escape safely. Most fire-effluent irritants produce signs and symptoms of both sensory/upper-respiratory-tract
and pulmonary irritation[®1:(20].
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A.4.2 Sensory/upper-respiratory irritation

Sensory/upper-respiratory irritation stimulates nerve receptors in the eyes, nose, throat and upper respiratory
tract. Appearing to be related only to concentration, the effects lie on a continuum going from mild eye and
upper-respiratory discomfort all the way to severe pain. They are largely instantaneous upon exposurel24] [25],
Depending upon the concentration of an irritant and the sensitivity of the individual, effects can include
lachrymation and reflex blinking of the eyes, pain in the nose, throat and chest, breath-holding, coughing,
excessive mucus secretion, broncho-constriction and even laryngeal spasms; see also Clause A.5. One of the
major difficulties in attempting to predict the consequences of exposure to irritants is the poor quality of
available human-exposure data. With very few controlled studies having been made with humans, most data
are only anecdotal, derlved from acmdental industrial exposures W|th onIy a vague knowledge of actual irritant
concentratiofs y , rious
chemicals e h|b|t|ng results over a very wide range of values[7] However it is unclear as to the relatlons nip of
such data on irritation in mice to the ability of humans to escape. Evidence obtained using healthy ahimal
surrogates upder controlled experimental conditions actually suggests that sensory/upper-respiratory irrifation
(although admittedly often painful) might not impair or prevent escape at all. Particularly significant wgs the
complete failure to cause incapacitation (inability to perform an escape paradigm) of baboons exposgd to
hydrogen chloride and to acrolein at any concentration up to those that caused post-expesure lethality due to
lung irritation}l3l; see also A.4.3. Although not statistically significant, it was also observed that exposuyre to
irritants oftem enhanced escape performance. When macaque monkeys were exposed to irritant smpkes,
significant effects on lung function and a conditioned behavioural task were observed only at concentrations

more than a
human volur
RDgq concer
behaviour og

that initial inppairment of ability decreased with time as the subjects appeared to acclimate and be

desensitized

In spite of th¢ rather surprising ability of nonhuman primates-to perform an escape paradigm when expos

quite high ca
this Internati
irritants were

The first rela
5000 pl-I-1 3
those subjeq

teers were exposed under controlled conditions, including medical supervision, to the m
tration of the highly irritating smoke produced from red oak<without any detectable decrem
curringl26l. Other experiments with human subjects exposeéd to irritating smoke have also §|

17]

ncentrations of irritants in controlled studies,'more conservative criteria were chosen for U
bnal Standard; see 6.2.1. Rationale for theychoice of more conservative criteria for exposy
based on two concerns.

es to a study involving exposure &f baboons to concentrations of hydrogen chloride at 500
nd 10 000 pl-I-* for periods of 5 min, 10 min and 15 min [27]. While arterial blood PaO, valu
ts exposed to 500 ul-I-1 did-hot differ statistically from control values, subjects expos

order of magnitude greater than the mouse RDg,") concentrationl®)) In another experiment,
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nd 10 000 pl-I-! showed a‘significant drop (about 35 %) in their PaO, values. This hypoxemic
s largely attributed to-uneven ventilation resulting from broncho-constriction of airways ip the
htory tract. This effect,~occurring at HCI concentrations somewhere above 500 pl-I-1, may be
quite hazardous ,if\coupled with blood carboxyhaemoglobin saturation at levels cominonly
in exposures tofire atmospheres. Since elevated blood carboxyhaemoglobin levels are ajmost
nt in those alse-éxposed to irritants, it is considered prudent to suggest exposure criteria fgr HCI
g 1 000 pllV"The same rationale is applied to other irritants, as well.

hcerntinvolved the concept that most people involved in unwanted fires can be expected tolhave
famlllarlty with their occupancy, with I|ttIe or no escape training and W|thout the presenice of

A second co
only minima
escape ma
concentrations lower than those required for controlled studles using well- tralned animal surrogates within
familiar environments. The difference can be more one of behavioural, rather than physiological, origin; see
A2.2 and A2.3. However, for people without escape training or direction in unfamiliar surroundings, the two
cannot realistically be considered separately.

1) The RDsq is that concentration of an irritant toxicant statistically determined to depress the respiratory rate of exposed
mice by 50 %.
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