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ards bodies (ISO member bodies). The work of preparing International
hormally carried out through ISO technical committees. Each member
d in a subject for which a technical committee has been established has
e represented on that committee. International organizations, govern-
n-governmental, in liaison with I1SO, also take part in the work.

of ISO technical committees is to prepare International Standards. In
rcumstances a technical committee may propose the publication of a
ort of one of the following types:

when the necessary support within the technical committee cannet be
he publication of an International Standard, despite repeated efforts;

when the subject is still under technical development regtiring wider
when a technical committee has collected data of.a different kind from
hormally published as an International Standards{’state of the art”’, for

orts are accepted for publication dirgCtly" by ISO Council. Technical

transformed into International Standards. Technical Reports type 3 do
have to be reviewed until the data they provide is considered no longer

i{ and 2 are subject to review within thre€ years of publication, to decide
|

was prepared by Technical-Committee ISO/TC 92, Fire tests on building
hponents and structares.

which led to the-decision to publish this document in the form of a
brt type 3 are\éxplained in the Introduction.

Will copsist of the following parts, under the general title Toxicity testing
s

Part 1

Part 2

: General

: Guidelines for biological assays to determine acute inhalation toxicity of

fire effluents: basic principles, criteria and methodology

Part 3: Methods for analysis of gases and vapours

Part 4: Fire models

Annexes A and B of this Technical Report are for information only.
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Introduction

This Technical Report is intended as useful backgroundinformation rg
current state of the art of the development of tests forassessing the td
effluents.

It outlines the current philosophy behind the dévelopment of tests and i
the tests might be used as a contribution in determining the overall toxic h

tgarding the
xicity of fire

dicates how
azard, draw-

ing attention to the essential need to take.aceount of information from other fire tests

to assess the overall fire hazard.

The report is designed to replageé\/[SO/TR 6543 [1] prepared by an ear|

ier Working

Group (WG-12) reporting directly to ISO/TC 92 and published in 1979. The technical

report format is retained as being appropriate within ISO for a subject whi
to be under discussion and.where the possibility exists of agreement fo
ation of an International>Standard at a future date.

The document describes the evolution of thinking on the question of t
since the publication of the ISO/TR 6543 [1], and attempts to identify

areas where-general agreement has been reached and those where div
expert opifions continue to be expressed.

At.thetime of preparation of this Technical Report, advances are being
ISO/TC 92/SC3 in identifying the criteria and considering appropriate
producing fire atmospheres (fire models), in the biological assessmen

th continues
the prepar-

bxic hazards
tlearly those
ergencies in

made within
methods for
I of toxicity

(bioassay methods), in bioanalytical modelling and in analytical techniques for assess-

ing known toxic species in fire gases and laboratory methods.

Considerable emphasis has been directed towards the philosophies expressed within

WG-12 of ISO/TC 92 and the more recent WG-4 of ISO/TC 92/SC3. It i
that these Working Groups have provided fora for debate by experts n
Standards Bodies throughout the world and with international reputations

5 recognized
bminated by
Knowledge

of the differing viewpoints which have been expressed by these expertg is essential

background to all those who are involved in any way with possible test pr
assessing the toxicity of fire effluents.

bcedures for
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Toxicity testing of fire effluents —

Part 1:

General

1 Scppe

The purpose of this part of ISO/TR 9122 is to provide an up-to-
date reyiew of the philosophies prevailing on the question of
the development of tests for assessing toxic hazards in fire. It
presents the state of the art in 1987.

This prdsent report is designed to provide essential information
to all those involved with the evaluation of the toxicity of fire
effluents not only in the development of meaningful test
procedyres but also in their use for mitigating hazards.

2 Definitions and abbreviations

For thq purposes of this Technical Report, the following
definitigns apply.

2.1 fite effluent: Total gaseous, particulate or aerosol
effluent| from combustion or pyrolysis.

2.2 toxicity: Nature (effect) and extent (potency)of adverse
effects pf a substance upon a living organism.

2.3 tgxic hazard: Danger caused to/people in fire situations
by the fprmation of toxic products with respect to their nature,
quantity, rate of production and coencentrations.

2.4 toxic risk: Likelihood.-that a toxic hazard will occur.

2.5 specific toxicitys Particular adverse effect caused by a
toxican{, e.g. narcosis, irritancy.

2.6 toxic<{potency: Measure of the amount of toxicant
required to-elicit a specific toxic effect: the smaller the amount

The following abbreviations are used, in the text:

Carbon monoxide cO

Carbon dioxide Co,

Oxygen 0,

Hydrogen chloride HCI

Water H,0

Hydrogen cyanide HCN
3 General

3.4 YHistorical background

The toxic effects of exposure to fire effluents were probably
observed by prehistoric man on the first attempt[to move fire
into a cave. The contribution of carbon mongxide to the
toxicity of fire effluents has been recognized for [more than a
century, but it was not until 1951 that an extengive medical-
physiological investigation on The Toxicology |of Fire was
reported by Zapp [2]. Animal experiments wgre directed
towards distinguishing quantitatively between the effects of
direct flame exposure (skin burns and respiratory burns),
generalized heat stress, and toxic factors — inclyding carbon
monoxide, carbon dioxide, oxygen depletion,| and other
toxicants. While carbon monoxide was found fto exert the
predominant physiological effect in a wide range of natural and
synthesized fire effluents, the experiments shqwed strong
evidence of interactions among all chemical and thermal stress
factors including simple heat stress.

Rapid expansion of research in polymer scienc
1950’s resulted in a substantial growth in ¢

e during the
hemical and

toxicological information relating to fire. A 1968 Survey of

Available Information on the Toxicity of the Co

bustion and

Thermal Decomposition Products of Certain Building Materials

required-the—greater-thepotency:

2.7 fire model: Means for the decomposition and/or
combustion of test specimens under defined conditions to
represent (a) known stage(s) of fire in order to generate fire
effluents for toxicity assessments. (This term is also used by
the fire science community in the mathematical simulation of
fire characteristics.)

2.8 pyrolysis: Irreversible chemical decomposition caused
by heat, usually without oxidation.

NOTE — This is the 1980 ASTM definition. In the USA, this term is
often used to refer to both oxidative and non-oxidative non-flaming
conditions when an external heat source is present.

under Fire Conditions T3] Tisted 297 references. Further
expansion of this data base has continued to the present day
with major emphasis, from a philosophical point of view, on
supplying the fundamental facts upon which any science
depends.

In the late 1960’s and early 1970's research was increasingly
devoted to study of laboratory test methodologies. While
fundamental understanding of fire remained as an implicit goal
of combustion toxicology, increased emphasis was directed
toward attempts to define specific test procedures which might
serve to rank, rate, or classify materials with respect to fire
safety. Significant studies have been undertaken for example in
Germany by Reploh and co-workers [4] and Hofmann and
Oettel [5]. A fundamental contribution to the acute inhalation
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toxicology of combustion products was given by Kimmerle at
the 1973 Polymer Series Conferences of the University of Utah
[6]. The dual objectives — understanding fire threat and testing
materials — were clearly evident in the range of papers
presented at the “International Symposium on Toxicology of
Combustion Products’ held at the University of Utah in 1976.
By this time, more than a dozen significant studies had been
reported [7] originating in Belgium, France, Germany, F.R.,
Japan, United Kingdom and United States. The general test
philosophy of this period was reviewed by Birky in 1976 [8].

Another study of similar scope and depth entitled An Analysis
of Current Knowledge in Toxicity of the Products of Combus-
tion [15] has been recently made available by NFPA (National
Fire Protection Association). This study provided background
for a summary report from the NFPA Committee on the Tox-
icity of the Products of Combustion to the NFPA Standards
Council.

Both the Southwest Research Institute and the NFPA studies
concurred in the conclusions that “‘the current tests for toxicity

Following pu
dependent ag
Academy of
any projected

blication of the studies noted above, several in-
sessments, including one by the US National
bciences [9], expressed a need to make sure that
use of test results should be consistent with an

understanding of the shortcomings and limitations of this type

of testing. Th
view that resy
vide a ranking

There is also
testing as a c|
materials rath
This is consig

s philosophy has superseded the previously held
Its of toxicity tests could be used directly to pro-
order of toxic hazards in fire.

increasing emphasis of the role of toxicological
bntributor to hazard analysis/risk assessment for
er than as a direct decision-making fire standard.
tent with the clear distinction between toxicity

and hazard in classical toxicology [10] and is generally em-

braced by con
and Alarie in

Tests were di
on burning gi
were subject
placed by twq

—  "unug
erting typeg
(i.e. other

—  “extrd
products i
toxic pote

3.2 State
toxicology

An extensive
toxicology ha
staff of the
Research Inst

nbustion toxicologists, as expressed by Anderson
1978 [11].

rected in the past to identifying materials which
e rise to unusually toxic products?). These terms
to different interpretations and have been re-
more precise terms: products of

ual specific toxicity” which refers to products ex
s of toxic effect not normally encountered in.fires
than narcosis or irritance); and

me toxic potency” when the toxicity”of the
5 much greater on a mass/mass_basis than the
hcy of products usually encountered in fires.

bf the art reviews of(combustion

review of the state of the art of combustion
5 recently beenscompleted by members of the
Department “of Fire Technology at Southwest
tute, Sap~Antonio, Texas. Results of this com-

prehensive stlidy (174~pages) have been published under the

title Combust|

jonm_Toxicology — Principles and Test Methods

[14]. This dod

tument is an expanded- version aof a repart sub-

£ =i . £ I e H <l Y £ I
O pProtucs— o tompuston—arematequate—rorreguratory pur-
poses’’ and “‘toxicity should be a part of a fire hazard)assess-

ment’ [16].

3.3 Current position

At the end of 1982, a consensus wWas reached in WG|4 that
there was a need to attempt td integrate toxicity and com-
bustibility information (and ndt\to' use toxicity information by
itself as a basis for decisions on materials).

No consensus has beeh reached regarding suitable timipg, or,
more appropriately, ‘what must be accomplished before it
would be wise topropose that a toxicity test procedure|be put
forward as a{Draft International Standard. Despite thi§ there
has been agreement that the 1SO Working Groups fhould
continué to*work towards a DIS dealing with problems|as ap-
propriate.

4 Life threat in fire

4.1 General aspects

Although this Technical Report is concerned primarily wiith the
toxic hazards associated with fire, the inability of victims to
escape from fire atmospheres is often considered in tefms of
three major hazard factors:

a) smoke: obscuration of vision;
b) heat;

c) toxic factors: narcosis and irritancy.

Attempts have been made to define the limits of human|ability
to function and ultimately to survive fires in terms of ‘‘tenability
limits”’ for each of the toxic factors (see annex B). It has been

mitted to ASTM Committee E-5 on Fire Standards A Critical
Review of the State of the Art of Combustion Toxicology. The
review of test methods is international in scope and contains
extensive comments on advantages and disadvantages of each
method as seen by the authors. While the opinions and conclu-
sions presented have not been submitted to consensus pro-
cesses within either ASTM or ISO, the factual content alone
should be very valuable to anyone seeking a better under-
standing of what can — or cannot — be expected from test
data in combustion toxicology.

1) Formerly referred to as ‘‘super toxicants’’.

suggested that the point at which life or death is determined in
a fire is the point at which the first tenability limit is reached.
Thus some experimental room fires have been reported in
which the tenability limits were reached in a definite sequence
and in the order shown above.

However for many fires, there is a considerable question as to
the feasibility of dealing precisely with the above factors as
separate entities when there is evidence that they usually func-
tion in combination.
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Thus smoke, which impairs escape ability by obscuration, also
contains toxic products which irritate the eyes causing further
impairment of vision. Similarly heat stress, severe irritation and
narcosis may occur simultaneously in flaming room fires caus-
ing profound physical incapacitation, while ultimately the
effects of narcotic gases, hypoxia due to oxygen depletion, or
heat may cause death.

Thus we can conceive of “‘toxic hazard’’ in a general way as
that aspect of hazard ansmg from toxic factors but it is not at
all clear S F €
titatively from overall fire hazard.

In addifion the life threat of fire atmospheres is greatly
aggravated by special circumstances. Fire is especially hazar-
dous to|infants and children, the elderly, invalids, and those
whose gbilities are impaired by alcohol or drugs. Fire is also a
special problem for people in unfamiliar surroundings and in
locations where escape is physically blocked or impeded.

4.2 Tiends in fire statistics

Fire statistics from the UK covering the years from 1955 to 1971
showed [a significant increase in the number of fatal and non-
fatal caspalties reported as ‘“overcome by toxic gas or smoke”’.
Specificglly, Bowes [17] reported a fourfold increase in fatal
casualtigs arising from toxic gas and smoke over that period.
Compargble statistics from other countries over these particular
years ar¢ not available. Historically, however, the UK statistics
raised the question of whether the increase in smoke inhalation
casualtigs might have been related to an increased use .of
modern | synthetic materials in furnishings over the sarme
interval.

ine fatalities attributed to smoke and toxic.gases in the
continued to increase, the rise has been less dramatic

UK statistics, however;. have had significant historical
here are two views_typically advanced in explanation
55 to 1971 UK data:

impact.
of the 1

escape from a fire;

b) that the composition and toxicity of fire products has
changed little, if at all, but that the rate of fire growth is
much more rapid and the rate of evolution of products is
much greater than previously.

However in considering these views it should be borne in mind
that fire loads may have increased in typical residential living
spaces. Also it has been suggested that the statistics may be in-
fluenced by changes in the reporting of fires, and that actual
fires may not have changed as much as appears.

ISO/TR 9122-1 : 1989 (E)

Information which might be of use in understanding the causes
of fire death and injury derive from a number of sources. The
information gathered by fire agencies consists mainly of infor-
mation on the origin and extent of fires and the position of vic-
tims, which is of limited use in the understanding of toxic
hazard in fires, but when this information is taken in conjunc-
tion with data from large scale experimental fires it is possible
to make some assessment of effects on fire victims. Other data
are derived from pathological studies of fire fatalities [18].

Accounts by fire survwors and the expenences of fire-fighters
for under-
standmg the toxic effects of fire atmospheres blthough no
systematic studies have been published andsuch information is
largely anecdotal.

The main toxic products identified infires fall into fwo classes:
narcotic gases, which can cause‘narcosis and degath, and ir-
ritants which cause incapacitation mainly by effects on the eyes
and upper respiratory tract, Thefatter effect may impair escape
capability and sometimes‘cause death in victims gurviving the
immediate exposure due,'to lung damage.

Both of the main narcotic gases known to appearin fires, CO
and HCN, havecbeen measured in the blood of bgth fatal [18]
and non-fatal [ 19] fire casualties. Relatively little is Rnown of ex-
posure tofirritant products since these are difficult fo identify in
the blood as having come from a fire (e.g. HCI,|aldehydes).
However Treitman et al. and other workers have dgtected high
concentrations of acrolein in some real fire gtmospheres
[20], [21].

Of the narcotic gases, CO is undoubtedly the mo$t important
and produced lethal blood concentrations qf carboxy-
haemoglobin (> 50 %) in 54 % of fire fatalities ih the recent
pathology study [18] at Glasgow of the Strathclygle region of
Scotland, while some 70 % of victims hafd carboxy-
haemoglobin concentrations capable of causing intapacitation
(> 30 % carboxyhaemoglobin), and all the remainihg cases ex-
cept two had burns sufficient to cause death. |The contri-
bution of HCN to fire deaths was more difficult to hssess since
high blood cyanide concentrations were almost always accom-
panied by high blood carboxyhaemoglobin concgntrations in
victims, but the blood of 24 % of victims containgd sufficient
cyanide (>50 pmol/l) to have had some incapacithtive effects
and in 5% of cases to have been life |threatening
(>100 pumol/1l) [22]. The other major factor associafted with fire
deaths in this study was a high blood alcohol cgncentration
(42 % of victims), although this factor was foundl to be less
significant in the United Kingdom as a whole.

Some 40 % of fatalmes in the Glasgow study had pulmonary
chemical ir-
ritants rather than by heat. However, the role of irritants in pro-
ducing incapacitation in fires is poorly understood, and there is
little published human data on the effects of eye and respiratory
tract irritance on escape capability, particularly in fires. Com-
binations of GC-mass spectrometer analysis of combustion
product atmospheres with animal exposures are beginning to
identify some of the important components [23].

However, another point that emerges from the Glasgow study
is that there was no significant group of fatal victims for which
death could not be attributed to either CO or burns. There was
no evidence that substances of unusual specific toxicity are im-
portant in fires, although their existence cannot be ruled out. It
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must be remembered that although most fatal victims have
burns or high blood carboxyhaemoglobin concentrations, this
does not prove that either agent was responsible for the initial
incapacitation. Nevertheless the evidence from real fires and
fire casualties, when taken with data from experimental fire and
combustion toxicity studies, suggests that substances of
unusual specific toxicity are not important. The major toxic prod-
uct formed in fires causing incapacitation and subsequent
death is CO, with a possible contribution from HCN in some
cases [18]. In addition, irritants are likely to play an important
part in delaying escape by effects on the eyes and upper

For flaming fires where the person is in the compartment of
origin, the hazard relates to the early stages of fire growth. The
most rapidly developing experimental fire takes only a few
minutes to reach levels of heat and gases hazardous to life
[24], [25].

The inability of persons to escape from such fires seems to
depend upon a number of factors. Casualties include a higher
proportion of children and old people than does the general
population and people who are incapacitated by a previous
period of smouldering (see above) or by some other infirmity

respiratory trg
been no signi
could accoun
deaths. The p|
the way in W
oxide) evolve

4.3 Fire sq

Data from firg

ct and possibly also on the lungs. Also there has
icant change in the toxicity of fire products that
for the increased incidence of incapacitation and
Foblem in understanding this most probably lies in
hich the basic products (including carbon mon-
in modern fires.

enarios and victim incapacitation

statistics show that the vast majority of fire in-

juries and dealths occur in domestic dwellings (80 % in both the

UK and US)
deaths (10 %
hospitals and

There are twq
to toxic comb
of origin of th
hazards may

Statistics in
premises and

while a small proportion of injuries (20 %) and
occur in other buildings such as shops, hotels,
clubs.

different circumstances in which casualties due
ustion products occur, those in the compartment
e fire and those remote from it. In each case the
hrise from non-flaming or flaming combustion.

the UK indicate that, with fires in domestic
in transport fires, most of the casualties occur in

the compartnjent of origin of the fire. For fires in dwellings in

the UK this cl
of deaths (60
these fires oq
upholstery or
may be respq
having spread
nal to the bu
sustained by

The USA stat|

ass of fire is responsible for the highest incidencé

%) and a high incidence of injuries (39 %).and
cur mostly in living rooms or bedrooms:and in
bedding. In these cases the material fitstjignited
nsible for the toxic environment, the‘fire not yet
to other materials, there is no thermal flux exter-
ning material and the burning(or)smouldering is
ts exothermic nature.

stics for the years 1980(to,1983 indicate that most

of the fataliti
origin (21 %
room). The r
reporting pro
clusion of “
victims in the|

from smoke only eccur outside the room of fire
n the room of fite'origin and 77 % outside the
ason for this may-be linked to differences in the
edures between the UK and USA, due to the in-
int burn.and smoke’’ victims with ‘“smoke”
UK.

The toxic hazprd-in such fires depends upon whether there is a

are obviously more at risk. However there seem to betwp other
factors of importance, the behaviour of the victim@nd'the ex-
ponential rate of fire development.

In many cases there is only a short peried .during whigh it is
possible to carry out the correct actions énabling escape, after
which a person may be rapidly trapped:\Some persons may be
asleep during this critical escape “window'’ but there gre also
reports of situations where thé Victim was aware of fhe fire
from ignition, but remained, tq\attempt to extinguish thd fire or
for some other reason failed’to attempt to leave befgre the
phase of very rapid fire growth, when heat and CO very fjuickly
reach life-threatening-levels.

The second scenario is where casualties occur remote frpbm the
source of thefire. Apart from being a common occurrg¢nce in
domestic dwellings such situations often occur in |public
buildingS\where the situation involves a developed fire| which
has spread from the first ignited material to others. Matgrials in
such-fires are subject to substantial external thermal fluxand in
Some cases to oxygen deficient environments. In thesg¢ cases
large quantities of material may be involved in flaming cqgmbus-
tion or pyrolysis producing large quantities of toxic smoke and
gases.

Fires where the victim is remote from the compartrent of
origin are responsible for the highest incidence of nqn-fatal
casualties (48 %) in the UK and a large proportion of [deaths
(37 %). Here the victim is five times more likely to be killed by
smoke than by burns and is often unaware of the fire durjng the
crucial early phase, so that the gases may not penetratd to the
victim until the fire has reached its rapid growth phase gnd the
victim is already trapped. The major causes of incapaditation
and death in this type of fire are almost certainly fumes, par-
ticularly carbon monoxide, which can build up rapidly {o high
concentrations and the role of irritants in causiiig incapaditation
and impeding escape attempts may be crucial.

5 Chemical nature of fire effluents

long period o ;
ing flaming fire.

With smouldering fires there may be ample time for escape if
alerted sufficiently early but persons may be overcome by
fumes, particularly carbon monoxide, after a long period of
time, if unaware of the danger. It is not possible from fire
statistics to determine how common this type of fire is, since in
many cases smouldering fires become flaming fires before they
are detected. However it is likely that fires which are estimated
to have burned for 30 min or more before discovery have in-
volved long-term smouldering and it may be significant that
deaths are much more likely in this class of fire.

5.1 Mechanisms of product formation

Knowledge of the main routes leading to the formation of com-
bustion products [25], [26], [27] is an essential part of the wider
understanding of the chemical aspects of combustion
toxicology of fires.

Under the action of heat, organic polymeric materials decom-
pose and release volatile products. If a sufficient concentration
of these products is attained and ignited then a flame may
develop and feed back to the polymer to continue the process.
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The primary step in product formation therefore involves the
thermal decomposition of the polymeric material and may take
place in fires over a wide temperature range in oxidative or inert
(pyrolytic) conditions. Most of the chemical products present in
fire atmospheres are species which have been produced from
the decomposition of polymeric materials and which have
escaped flame destruction. At relatively low temperatures (up
to about 400 °C) a polymeric material decomposes to give a
restricted number of complex chemical products. It is at
medium temperatures (400 °C to 700 °C) that the greatest
variety 3
may incjude hydrocarbons oxygenated species (aldehydes
ketones), etc., are produced. This is also the main region where
polymer$ which are sensitive to oxygen may form oxygenated
species by incorporation of atmospheric oxygen.

At high femperatures (in excess of about 700 °C), organic and
organonjetallic compounds which are unstable under the nor-
mal contact times achieved under these conditions may decom-
pose. Also present are complex polycyclic hydrocarbons and
other sfable products of low molecular weight such as
hydrogefp cyanide and certain organic nitriles. By contrast,
combustion with flame tends to destroy these products with
the formiation of a small range of simple combustion products.
For example, with a polymer containing carbon, hydrogen and
oxygen, [the combustion products will be carbon monoxide,
carbon dlioxide and water; if nitrogen is also present, then
moleculgr nitrogen and oxides of nitrogen may also be formed.

In additign to CO, CO, and H,0, a wide variety of products are
formed iy fire effluents. For example, the chemical species pro-
duced dyring the burning of wood and polypropylene (40 kg) in
a room-dorridor are shown in table 1. Also shown is a summary.
of the mpin chemical groups.

5.2 Characterization of fire atmospheres

During rgcent years, major advances have_been made in the
analysis pf fire effluents [27]. It is recognised that the overall
nature of the products is dependent pafticularly upon the type
of polymgric material, temperatures ahd)ventilation conditions.
A numbdgr of factors are important/inydefining fire atmospheres
both for| toxicological considerations and in comparing at-
mospherps between laboratary,and full scale fire studies.

These faftors include

a) the yields.of ‘oxides of carbon (and CO,/CO ratio) and
reduction in\oxygen as a measure of the basic combustion
condifions;

b) the-€eneen

relation to carbon monoxide) whrch may be lmportant for
the specific polymers burnt (e.g. hydrogen cyanide,
hydrogen chloride);

c) types and concentrations of “unburnt” organic
products (chemical fingerprints) including:

1) total concentrations relative to carbon monoxide,

2) percentage distribution of important groups, e.g.
aromatic and aliphatic hydrocarbons, oxygenated species,
amines, nitriles, halides, etc.;

d) rate of production of total quantities of the major
products of toxicological significance.
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Other important aspects regarding the fire effluent include

a) obscuration (usually optical density per metre), rate of
production and total amount of smoke produced:

b) temperature of the effluent and radiation from the
effluent.

5.3 Classification of fires

S-engrmous com-
plexity of fire effluents, the oxygen concentration and the
relative concentrations of carbon dioxide and-carbgn monoxide
(CO,/CO ratio) can provide a simple means.of charhcterization.
This arises because the relative conversion of oxygén to carbon
monoxide and carbon dioxide depends farkedly on the oxygen
concentration, with high oxygeh | concentrations favouring
complete combustion to carbonh dioxide and| conversely
restricted oxygen giving rise"to carbon monoxide.

By combining CO,/CQO-ratios with oxygen concentration and
expected fire ““severity.“as based on expected temperatures (or
irradiance), a numberof different fire types can be ¢lassified, as
summarized in table 2. These fire types are:

1a) Smbouldering (self-sustained)

Although often misunderstood, smouldering is generally de-
fined"as a self-sustaining exothermic decomposition sometimes
accompanied by glowing. Smouldering is initiatedl by a local
high temperature source in the absence of area heating. It takes
place mostly in natural materials and some synthetic-natural
composites, involving a smouldering front which|propagates
across the material (as in cotton, fibreboard) or within a bulk
(e.g. polyurethane initiated by smouldering cotfon). Since
complex balances between heat generation and Joss are in-
volved, particularly with bulk materials, the phenongenon is not
always easy to produce.

Local temperatures at the smouldering front may [range from
about 400 °C (polyurethane foam) to 800 °C (cotton) and in
some cases considerably higher. Oxygen concenttations near
to the front may be below ambient but the overall[demand on
oxygen is low and long periods usually elapse pefore sur-
rounding oxygen concentrations fall significantly. §mouldering
will often continue in closed surroundings to a few|percent ox-
ygen. Since the condition is essentially a non-flaming one,
CO,/CO ratios have little significance. Temperat{ires of the
general environment rarely exceed around 100 °C.

The phenomenon of smouldering IS |mportant as a process
y-types of fur-
nlture and beds/beddmg set into smouldermg from sources
such as smoker’s materials. In the room of fire origin, carbon
monoxide concentrations may be of the order of 0 ppm to
1500 ppm with irritants present. The time to incapacitation is
often long (hours rather than a few minutes) usually with ample
time for escape if alerted.

1b) Non-flaming (oxidative) decomposition

During fires and related circumstances (e.g. overheating),
materials and composites can be heated under conditions
where ample oxygen exists and toxic decomposition products
can be formed. Examples include the radiative transfer of heat
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from a fire plume to remotely sited materials during the growth
phase of fire before flashover has occurred, the heating of
lining, flooring or ceiling materials by heat conduction through
building structures and bulkhead etc., and general overheat
situations (electrical cables, electrical/electronic components
particularly where outer surfaces become very hot). Oxygen

concentratio

ns in the vicinity of such conditions may be 21 %

or reduced to about 5 % (still significant in oxidation terms).
CO,/CO has no significance since flaming is not involved.

Since the co

ndition is only relevant under pre-flame conditions,

the direct temperature of materials and composites will nor-

3 a) Fully developed flaming fires (low ventilation)

The severity of fully developed fires is dependent markedly on
the available ventilation. Where ventilation restricts develop-
ment in post-flashover fires, oxygen concentrations may fall as
low as a few percent and CO,/CO ratios reach values less than
10. Typical irradiance will exceed 40 kW/m2 (temperature
> 600 °C).

3 b) Fully developed flaming fires (well ventilated)

mally be lesq than 500 °C, as otherwise auto-ignition will occur

for flammah
duced by hg
mean irradia

Oxidative d
therefore is
smouldering

le materials. Similarly where the condition is in-
at radiation, pre-flashover conditions will usually
hces less than 256 kW/m2,

pcomposition has an external heat source and
hot self-sustaining. It should not be confused with

1c) Non-flaming (pyrolytic) decomposition

Item 1b)

bove is related to oxidative decomposition of

materials by, for example, heat radiation or overheat con-
ditions. In spme cases oxygen concentrations in the vicinity of
the material [may be insufficient to induce oxidative decompo-

sition. Und

these conditions (usually less than 5 % oxygen)

the decomppsition will be ‘‘pyrolytic’’. Examples include the
overheating |of material such as insulation in cavities where

there is i
passageway
building or
where interi

Under these
be involved
mable mater|
not relevant
heat radiatiol

2 Develop

During the
materials an
creasing fee
environment|
environment]

ited oxygen availability but where there are
b for release of toxic products to other parts of a
ransport complex and the overheating of cables
r materials are protected from the atmosphere;

conditions temperatures as high as 1 000.°C may
since ignition cannot take place even ‘with flam-
als. Since there is no flaming the €0,/CO ratio is

Normally this condition cannet be achieved by
n.

Ing fire (flaming)

early stages “of  flaming fires (pre-flashover),
composites, are decomposed primarily by the in-
back of_heat radiation from the flame. The overall
is aleomplex one, since there is a ‘‘micro-
" where materials are at elevated temperatures in

the immedigtevicinity of the flame, together with a more
general environment where materials etc., are being heated by
a growing irradiance from the flame. In rooms which reach
flashover with temperatures between 400 °C and 650 °C, the
effective blackbody radiation is in the range 20 kW/m?2
to 40 kW/mz2,

Under well ventilated conditions where there is little.reistriction
on the oxygen available to the fire, typical irradianced will ex-
ceed 50 kW/m2 up to as high as 150 kW./m2 (material
temperature 600 °C to 1 200 °C); CO,/CO ratios will formally
be less than 100 with oxygen concentrations less thgn 10 %
(typically 5 % to 10 %).

Under fully developed fire conditiohs) persons in the vicinity of
the fire may experience concentfations of carbon monolxide (up
to about 3 %), hydrogen cyanide (up to about 500 gpm), ir-
ritants, smoke and some )heat. Cooling may havp given
breatheable temperatures)of fire gases. Under thes¢ condi-
tions, time to incapatitation may be much less than a|minute.

6 Experimental fire studies

6.1 General aspects

Afterdgnition, fire development may occur in differerjt ways,
dépending on the environmental conditions as well ag on the
arrangement of fuel. However a general pattern [can be
established for the fire development. In the case of a cpmpart-
ment fire, the general temperature-time curve shows three
stages (see figure 1).

Stage 1 represents an exponential rise of the fire room
temperature, when there is enough oxygen present {deyeloping
fire). A second stage is reached when the surface of §ll com-
bustible contents of the room will be decomposed to fuch an
extent that sudden ignition occurs all over the room (flaghover):
this characterizes the stage of the fully developed fire| In this
stage 2 (fully developed), the rapid temperature |rise of
flashover is subsequently moderated by oxygen depletjon to a
steady state (often termed ventilation controlled).

In stage 3 the combustibles in the room are depleted pnd the
temperature decreases depending on the ventilation and the
heat- and mass-transfer relations.

In each of these phases, a different mixture of decomposition
products will be obtained. In order to study a materig’'s con-

Experience shows that CO,/CO ratios are typically 100 to 200,

with oxygen

concentrations of down to about 15 % or 10 %.

Carbon monoxide concentrations may typically reach 1 % with
CO, up to 10 % at 10 % to 15 % oxygen. In combination with

the irritants,

smoke and heat, persons in the room of origin may

have a few minutes to incapacitation.

tributiortoa fire atmosphere, consideration of the production

of fire effluents from the material under different conditions of
both temperature and ventilation is necessary. Moreover infor-
mation is required of the fire situation being considered. In this
way, one can seek to derive the yield of effluent per unit mass
decomposed, which together with the mass involved in the fire
gives an estimation of the material’s contribution.

6.2 Results of fire simulation tests

A number of fire tests have been reported in the literature to
study the behaviour of materials and composites under
simulated full scale conditions. Many of these have involved
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the contents of buildings rather than components, reflecting
the view over recent years that it is often the contents of
buildings which are first ignited and produce the initial life
threat in fire.

In 1978 tests were carried out with furniture [28] arrangements
simulating the stacks of furniture involved in the Woolworths
Store fire in Manchester. In 1981 tests included a simulation of
the Dublin ““Stardust’ Disco Fire [29].

Fires in n_studied by the US
Southwest Research Institute [14], the International Isocyanate
Institute] at the Moreton-in-Marsh facilities in the UK [30] and
the US National Bureau of Standards [54]. Room burns were
also stuglied by the Technical University of Clausthal-Zellerfeld
(Jeschat, Ehlert) [31].

For building components, large scale studies have often in-
cluded ¢orner wall tests. An example is the work of Chien,
Nadeau land Waszeciak [32] in 1981 on cellular plastics.

The resiilts of these tests and others [33] to [45] have provided
a valualjle insight into the concentrations and spread of com-
bustion |products and the importance of ventilation, building
construgtion and fire load.

Overall the results have borne out general conclusions drawn
by Armstrong [46] :

a) the major hazards of a fire are more related to the fact
that |a fire exists at all than to the material involved;

b) ith few exceptions, where potentially serious concen-
tratipns of, for example, HCN have been detected, thgy
havd occurred after smoke, heat or CO have already created
a qustionable life support atmosphere.

As disclissed earlier in this Technical Report, a useflil cClassifica-
tion for|studies of fires can be based on the types; temperature
rise, oxjgen concentrations and CO,/CO ratig as summarized
in table|2.

It is intgresting to note that when the CO,/CO ratio is plotted
against| the oxygen concentration for steady-state burning
phases pf various room fire simulation tests carried out at three
differenit laboratories, thereris.a general scattering of results as
shown fin figure 2. This<&uggests that the CO,/CO ratio is a
charactpristic of the{firé conditions employed by each
laboratry rather than’that of the materials being burnt.

ortant_therefore that the experimental laboratory fires

7 Toxicity testing of fire effluents

7.1 Introduction

Fire effluents consist of a complex mixture of solid particulates,
liquid aerosols, gases and vapours. Although fires may
generate a wide variety of effluents, toxicity tests have shown
that gases and vapours are a major factor causing acute toxic
effects. The predominant effects may be separated into three
classes: narcosis, sensory and/or pulmonary irritation, and
those effects representing other or unusual specific toxicity.
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Although bioassay methodology varies depending upon the
class of toxicant, most test methods follow the same general
plan. One of a number of combustion methods chosen to
represent certain real-fire conditions is selected to produce fire
effluents by burning or thermally decomposing a material. The
effluents are presented to animal subjects, usually rodents,
which are exposed for a specific period of time with certain
biological response end points being observed.

The responses most commonly employed for narcosis are

ity and incapacitation, with the latter defined as inability
to perform either a conditioned response or some,rjormal motor
pattern. Assessment of the effects of irritants(infire effluents is
more complex. Such toxicants do not immobilize persons at
concentrations which result in death *after the exposure.
Moreover, within-test end points for, irritants in fodents have
not been demonstrated to have quantitative corfelation with
human response; however, pest-exposure lethalify is used to
assess pulmonary irritant effeets. Fire effluentd possessing
other or unusual specific toxicity are normally assegsed through
clinical examination of-exposed animals.

In general, biologicalresponses are related both tg the concen-
tration of the toxXicant and to the length of the exposure time,
with the product of concentration x time (Ct) bping a quan-
titative expression of the insult to which a subject is exposed.
This “éxpoSure-dose’’ is assumed to be proportional to the
actualhdose retained by the subject. The Ct ‘‘exgosure-dose’’
required to produce a biological effect is, to a first approxi-
mation, reasonably constant over the range of cgncentrations
of toxicants of interest in fires. An exceptipn to these
generalizations is sensory irritation which is primafily related to
concentration, rather than to “‘exposure-dose”’.

Toxicity has both qualitative and quantitative| aspects. In
evaluating quantitative aspects, a concentration{response re-
lationship may be determined by measuring the|response of
animals exposed over a fixed time to different condentrations of
a fire effluent. This is accomplished by conductirg a series of

experiments in which the quantity of material com

flow rate of diluting air is varied in order to prod
concentrations of the fire effluent. The numbse

showing a response, either as lethality or as incap

increase as the exposure concentration is increase

percentage of animals responding within a spe
plotted as a function of logarithm of the con
straight line is typically approximated over a li

busted or the
uce different
r of animals
hcitation, will
d. When the
tified time is
Centration, a
mited range.

Statistical methods are employed to determine the concentra-
tion required to produce a specified effect. The goncentration
which will produce a response or effect in 50 % df the animals
within the specified time can be obtained by interpolation. This
effective concentration is commonly termed the ECg,. The ECgq
d response of
the animal. When lethality is the observed response, the term
LCs is used to denote the concentration of material or fire
effluent that produces death in 50 % of the animals for a
specified exposure time. Similarly, the 1Cg designates the con-
centration necessary to incapacitate 50 % of the animals also
for a specified exposure time.

Some test methods measure the rapidity of action of the fire
effluent in causing either lethality or incapacitation. In these
methods, concentration is held constant and the times at which
animals die or are incapacitated are recorded. From these data,
a mean time-to-death (LTg) or time-to-incapacitation (ITgg) is
determined to characterize the toxic potency of the smoke.
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All of these terms (ECgg, LCgq, ITsq, ICs, €tc.) can be used to
characterize the toxic potency of fire effluents.

7.2 Review of some typical test methods

There are at least seven test methods which have been widely
considered for assessing the toxicity of fire effluents. Several
additional methods have also been used to some extent and are
currently under review within ISO/TC 92/SC 3/WG 1. These
additional methods will not be referenced here but include
those referre ; iti i
Corporation,|Israeli, Canadian and SRI International methods.

However, thpse referred to as the DIN, CAMI, NBS, US-Rad,
U-PITT, JGBR and USF methods have all been used with a suf-
ficient numbpr of materials as to achieve some significant level
of attention| in the combustion toxicology literature. The
characteristi¢ features [14] of each of the methods are
summarized |in table 3, along with the following brief de-
scriptions.

The DIN 6 (Deutsches Institut fir Normung, Germany,
F.R.) [47] |specifies the combustion apparatus and the
operating prpcedure. The description of the animal response
model is des|gnated as a draft. The method is characterized by
the use of al moving annular tube furnace operated at a con-
stant temperature with fire effluents being diluted with air
before rats afe exposed. Fire effluents are generated dynamical-
ly, i.e. cont|nuously over the exposure time of the animals.
Concentratign-response relationships are easily obtainable,
with concenltration being varied by dilution of the fire effluent
with air.

A method inf use by the CAMI (Civil Aero-Medical Institute) of
the FAA (Ug-Federal Aviation Administration) [48], uses a tube
furnace opefated in a static model (with recirculation) at.a-con-
stant tempefature. Times to incapacitation and death.for rats
exposed in otor-driven rotary cages serve as end ‘points.

The NBS tegt (US-National Bureau of Standards) [49] is a static
system usinfj a cup-type furnace as the~cembustion device,
operated jyst below and just above~ the auto-ignition
temperature|of the specimen. Concentration-response relation-
ships are defermined using rats, with-concentration being con-
trolled by varying sample mass:

The US-Rad (Radiant Futnace Test) uses the same exposure
chamber as |the NBS, test'providing a static animal exposure
system. Anifnal expostres are controlled by varying the irradi-
ation intens|ty ahd/ duration and are quantified in terms of
concentratign(Cx ‘time products. Rats are used only after

preliminary the—relative—concentrations—of

exposes mice to smoke produced in a dynamic system from
programmed heating of the specimen. Incapacitation times of
eight mice that are placed in rotary cages are determined. In-
capacitation times are compared with those of the reference
material (a defined wood).

The USF method (US-University of San Francisco) [14] is also
known as the Dome Chamber Method. Mice are exposed in a
small dome-shaped chamber to fire effluents produced from a
tube furnace using either constant or programmed heating.
Although concentration-response _relationshi n _be deter-
mined by varying sample mass, most data involve time to
various degrees of incapacitation and also death,

Similarities and differences among these methods are hotable.
Three of the seven methods (DIN, CAMland USF) usg a tube
furnace as the combustion device, with the NBS methgd using
a cup furnace or, in a modificationthe:US-Rad, a radignt heat
device, as does the JGBR method. The U-PITT uses & box or
muffle furnace. Most combustion furnaces are opefated at
fixed temperatures or heat\fluxes, except for the |U-PITT
method in which heating:is-programmed. Modifications of the
USF and CAMI methods, also enable programmed heat|ng. Fire
effluents are dilutedywith air in both the DIN and|U-PITT
methods and optienally, in the USF method. The staticmode is
used in the CAMI"and NBS tests.

The U-PIRT, JGBR and USF methods use mice as the test
animals;, whereas the others use rats. Animals are exgosed to
fire-éffluents for 30 min in most of the procedures. In four of
the methods, animals are restrained for exposure in tHe head-
only mode, three methods use whole-body exposure$ and in
the DIN method, animals may be exposed in either mde.

Concentration-response relationships and LCgj values|may be
determined in all of the test methods. The DIN, CAMI gnd USF
methods also commonly utilize time-to-effect end points. In the
normal operation of the CAMI and USF methods, a fixdd quan-
tity of material is decomposed and time-to-incapacitgtion (f;)
and time-to-death (z4) values are measured. In the DIN, NBS
and US-Rad methods, lethality is the principal end pdint. Ad-
ditional physiological end points, such as respiratpry rate
depression, may be measured in the U-PITT method.

The seven test methods do not differ greatly in the ghemical
analyses included in the procedures. Each method mormally
employs measurement of CO, CO, and O,. Additional pelected
gases, principally HCN and HCI, are optionally measured by
most of the methods. Measurement of blood COHb sgturation
levels of exposed animals is routinely made by oply two
methods, the DIN and the NBS test.

known toxicants are conducted.

The U-PITT methodology (US-University of Pittsburgh) [14] ex-
poses mice to fire effluents produced in a dynamic system from
programmed heating of a specimen in a box or muffle furnace.
Bioassays include concentration-response and time-to-death
for lethality and respiratory rate depression for assessment of
irritants.

The JGBR (Japanese Government Building Regulation Toxicity
Test) (1976) includes a test method [51] using a radiant heat
furnace (modified UK BS 476-6, Fire Propagation Test) and

7.3 Limitations of laboratory smoke toxicity tests

All laboratory test methods suffer from several types of limita-
tions. Due to rapidly changing conditions in a real fire involving
the dynamics of fuel, heat and air interactions, it is unrealistic
to expect that a single laboratory test will be relevant to all
stages of all fires.

However, all the tests might be expected to be relatable to at
least some stages of actual fires. This has been shown in cer-
tain cases [5]. Each laboratory combustion device also presents
certain physical limitations with regard to specimen size, shape
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or assembly. The NBS cup furnace is, for example, admitted to
be inappropriate for composites, laminates, etc., [14]. Further-
more all of toxicology is plagued with the question of the
relevance of test animals to exposure of humans. In the case of
the common asphyxiant carbon monoxide, the rodent is con-
sidered a reasonable model, with animal responses being fairly
predictive of toxicological effects in humans. With other
toxicants, such as irritant gases, caution must be exercised in
extrapolation of laboratory data obtained with rodents to
predlct effects in humans until such time as quantitative cor-

fire safefy. Experience has shown that most common materials,
both natural and synthetic, do not differ widely in the toxicity of
fire efflyents produced from combustion. Some of the dif-
ferenced observed, though even of statistical significance, are
of questjonable practical significance from the viewpoint of im-
pact on hazard to life safety in a fire. There are, however, a very
few casgs of toxic potency found to be greater than the normal
spectrurh exhibited by most materials. Identification of such a
situatior] appropriately causes the producers of these materials
to seek|additional performance information for purposes of
responsible development and application of their products.

7.4 Anpalytical methods as alternative to animal
testing

The role|of testing could be basically to confirm that the toxicity
of a fireleffluent atmosphere can be adequately described by.a
considefation of the known constituents and that no other
toxicantp are present in toxicologically significant amounts.

As a rdsult of considerable research on the common fire
effluent |toxicants, concentration-time-responsé mathematical
relationghips are now becoming well understood. Effects of the
narcosistproducing toxicants, CO and HCN,\on rats, along with
reasonable extrapolation to humans_via )Jnon-human primate
studies, [can be predicted from analytical determination of the
time colrse of toxicant evolution.(Combined effects for CO and
HCN capnot yet be predicted.Wwith certainty, although current
research is aimed at answering, questions of any interaction. In
addition| concentration-time-response relationships for irritant
combustion products (HCI; in particular) are now being worked
out to ehable predietian of irritant effects from analytical data.

It thus appears_likely that assessment of both incapacitation
and lethpl effects of fire effluents containing the common tox-
icants wjli‘rot require the use of live animal models on a routine
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requires some system of integrating combustibility properties

with other aspects such as obscuration of vision and
toxicological factors.
The term ““hazard analysis” implies a descriptive study of cir-

cumstances and events that can threaten life or health. ‘‘Risk

assessment’”’ implies an attempt to make a more

quantitative

evaluation of one or more of the hazards described.

In fire safety, procedures of nsk assessment mlght be applied to

tured products). These two approaches are.‘no
ferent; they differ only in emphasis.

In the assessment of risk both the fire‘situation
and the materials are necessary corisiderations.

Studies emphasizing co-ordinated application o
measures to entire situations.or systems will pro

ous manufac-
I totally dif-

or scenario)

f fire safety
bably be the

most productive of ovefall safety gains. There nl,S' however,

considerable interest in ‘the limited objective of i
methods of compating and specifying materials
tured products.

8.2 Approaches to fire risk assessment

There.are at least three general approaches to fird
mént-which have been either used or commonly

8.2.1 End-use simulation fire tests

These are usually considered as large-scale tes
smaller scale testing can be used in some end-usq
as in the study of cigarette ignition of upholster
The basic philosophy is that it is not necessary to q
the interactive fire variables if they are allowed to

test fire which closely simulates the circumstanceg
tal fire. The development of smoke, heat and toxi
closely monitored. Test animals have been used fo
various aspects of hazard, but chemical and the
often provide much of the information that is nee

8.2.2 Mathematical modelling of fire

Mathematical modelling of fire growth coupled wit
toxicological data could provide an integrated risk
procedure for comparing alternative materials o
Once developed, this type of modelling should §
comparisons to be made at minimal cost. The

proving our
pr manufac-

risk assess-
uggested.

s, although
simulations
bd furniture.
uantify all of
unction in a
of acciden-
products is
r integrating
mal profiles
ded.

h smoke and
assessment
I situations.
ermit many
objective is

widely recognized, and research on fire modelling

is underway

basis fordetermimationmof €5, s ort€q;'s The Tole of @ toxiTity
test using animals would be prlmanly to validate effects
predicted from mathematical models, to detect unusual specific
toxicity and to assess irritation. Assessment of the latter two
effects cannot be accomplished from chemical analysis [52].

8 Hazard analysis/risk assessment

8.1 General aspects

As discussed in clause 4 on life threats in fire, it is not widely
recognized that fire threats are highly interactive and that a
valid assessment of the hazard or risk of materials in fire

at several locations.

8.2.3 Combination of weighted numbers from fire tests

This approach has been suggested for comparing materials in
overall fire-safety merit. Generally, it is proposed that small-
scale test data be gathered related to various aspects of fire
behaviour such as combustibility, smoke and toxicity of com-
bustion products. Weighting factors are then applied to the
various test numbers and the results are combined by addition
or multiplication. Although this reduces the data to one result,
there are problems. It is not easy to get consensus on what
tests should be used and how the results should be weighted
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and combined. More importantly, this process is not a func-
tional model of nature and interactions between factors are not
handled. Still, this approach could easily be an improvement
over listing the same test data as separate pass-fail criteria.

8.3 Toxic hazard

In view of the interactive nature of fire threats, it is not clear
whether or not toxic hazard can be quantified as “‘toxic risk’
independent of other fire risks. Nevertheless, a considerable
background of philosophy has been developed regarding the

toxicological[@spects of fife iazard and 1Sk {635 __approaci 1o the reduction of this fazard:

The toxic thieat posed by a fire effluent depends upon the re-
lationship bdtween the time taken for an untenable environ-
ment to be generated and the time taken for the threatened
population tp escape to a place of safety. The toxicity of the
environment|is determined by the chemical composition, con-
centration, and physical state of the effluents and duration of
exposure.

8.3.1 Chenrical composition

The chemical composition of the effluent products from a fire is
affected by the temperature and concentration of gases, par-
ticularly oxygen, in the micro-environment of the combustion
zone. For tHis reason, the shape or orientation of a burning
component, [the incident thermal flux, oxygen availability, etc.,
all affect not only the rate of generation of combustion and
decompositipn products but also the chemical composition of
those products. For example carbon monoxide may be the
predominany product in oxygen-deficient circumstances, but
carbon dioxjde the principal product under ventilated con-
ditions; or |with nitrogen-containing organic compounds,
hydrogen cypnide may predominate where high thermal fluxes
are present, but other nitrogen-containing products may be the
main produdt where the thermal flux is lower.

8.3.2 Congentration

The concentration of a fire effluent is a function.of the rate of
generation of the substance, its rate of dissjpation, the volume
in which it is|contained and, if there is insGfficient material for a
steady state[to be reached, the duration of the fire.

8.3.3 Physical state

In order for|an airborne substance to exert its toxic effect, it
must gain erftry to the respiratory tract. This is dependent upon
the physical [form of thé substance, i.e. a gas, volatilized liquid
or suspensign of liquid~or solid. For suspensions, the particle
size has a mjajordnfitlence on uptake and site of deposition in
the respiratdry tract.

8.4 Mitigation of hazard

The principal hazard depends upon a rapid spread of fire in the
material first ignited and since it may be assumed that all
organic material will give rise to carbon monoxide and smoke
when burning, mitigation is best approached through improv-
ing resistance to ignition and control of combustion rate of the
systems concerned. For this purpose the properties of ig-
nitability and rate of combustion should be measured in the
absence of a thermal flux external to the system and control of
these two parameters be considered the most significant initial

The associated smouldering hazard, since it is concerried with
an immobile victim, is not critically dependent. oA thq rate of
generation of toxic products. Eliminating the.possibility of a
system smouldering when subjected to asmall ignitior) source
should be the first approach to reducing thé hazard in these cir-
cumstances. There is also a need o, ensure that no materials
with unusual specific toxicity are-generated during smopldering
combustion: the determinatiofi of this depends upon a|toxicity
test in the smouldering mode and in the absence of an pxternal
heat flux. Hazards carni-of course be mitigated by other
appropriate means such\as smoke/heat detectors.

The hazard remote from the source of fire does depend on the
rate, quantity and'toxicity of fire effluent products arisir)g in the
developed fire. ‘Mitigation here depends on the contrgl of the
properties.ef systems, particularly toxicity, rate of fire|growth
and generation of toxic species. Additionally escape times from
the fire zone depend on control methods such as smokg extrac-
tion, and management, sprinklers and compartmentati¢n.

Ignitability and overall flammability may be the prime cpnsider-
ations in reducing toxic hazard.

9 Concluding remarks

This report has attempted to put forward the current [state of
the art regarding the understanding of the toxicity] of fire
effluents and in the development of test methods.

Great emphasis has been directed towards the consjderable
concern which has been expressed by experts in the Vorking
Groups about the need to address the problem of toxi¢ hazard
rather than toxicity per se.

The report has been prepared in parallel with other Working
Groups in ISO/TC 92/SC3 considering bioassay methgds, fire
models, analytical methods and bioanalytical modelling.

In spite of the growing concern being voiced about the future
use of animals in routine test procedures, there is a recpgnition
in this Technical Report that information derive

8.3.4 Assessment

Provided that the appropriate fire model is used, the rate of
generation of toxic species could be assessed for the individual
common toxic gases by analytical chemical methods and in the
simplest approach the results would be employed in
appropriate formulae. To assess other effects such as
synergism and to consider the whole range of fire products,
results derived from animal tests would be necessary.

Toxic hazard assessment would utilize these data in consider-
ing each fire environment including those mitigating actions
described in 8.4.
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anatytical—methods canmot falty predict the p
cological effects of fire effluents. However the use of tests
which minimize the use of animals is strongly encouraged.

Support is therefore given both to the continuing development
of satisfactory fire models and also to biological methods for
assessing the toxicity of fire effluents to provide specific infor-
mation about toxicity providing that the results of such evalu-
ations form part of an overall consideration of hazard and
consequently the mitigation of that hazard.

Toxicity should not be confused with toxic hazard and infor-
mation derived from a toxicity test (based on a simple fire
model) may be very limited in application to hazard.


https://standardsiso.com/api/?name=9fe31124c24f976bc4e9f59d975758b7

ISO/TR 9122-1 : 1989 (E)

Table 1 — Example of the yields of fingerprint compounds at three stages of fire (flaming combustion)
Values in parts per million

Wood Polypropylene
Compound Growth ssff:t(ly Decay Compound Growth Sst:::tt:ay Decay
Methane 11,9 96 7,9 Methane 0,2 1) 1)
Acetylene 0,8 35,8 5,7 Acetylene 2,8 0,6 1,2
Ethylene 1,9 22,2 9 Ethylene 2,4 2 020 900
Ethane 0,2 0,3 Ethane 5.1 980 350
Allene 1) Propene 3,3 31,2 3,7
Propeng 5,7 104 10 Propyne 1) 25,7 6,2
Cycloprppane 0,1 Methanol 0,5 6,2 12,7
Propyng 0,6 22,3 11 Acetaldehyde 2,7 39 2,5
Methanpl 3,7 329 34,1 Butene
Acetaldehyde 7,2 65 1,6 Butadiene } 05 183 31
Butene Cyclobutane 1) 1)
Butadiepe } 1.3 9.7 ! Butane 1) 0,7 0,1
Ethanol 0,2 1) Ethanol 1,7
Acrolei 2,7 3,7 1) Acrolein 1) 1) 7
Acetong 2,7 269 52,1 Acetone 900 216 32,5
Cyclopgntadiene 2,5 248 48,1 Cyclopentadiene 23,9 1.1
Crotondldehyde 6,3 1) Pentadiene 1) 1) 1)
Hexenel Cyclohexane 1) 2,4 6 Crotonaldehyde 17,2 5,4 7,3
Benzeng 1,8 603 153 Hexene 0,3 0,4 0,1
Cyclohgxadiene 1) 1) Benzene 72 810 575
Hepten 0,1 1) Cyclohexadiené 0,5 0,1 1)
Heptyng 0,1 1) Hepteng 1,2 1)
Heptadiene 0,2 1) Toluene 54,5 56,5 31,6
Toluend 0,5 182 20,4 Octene 1,6 0,4 0,6
Octene 0,5 3,6 2,3 Octadiene 1) 0,2 0,1
Xylene 0,8 28,6 5,1 Xylene 43 26,5 15,1
Styrene| 0,5 72 3 Styrene 32,2 5,6
Nonene 0,3 Nonene 3,1
Benzaldehyde 3 95 60 Benzaldehyde
Methyl ptyrene 0,3 23,4 1) Methy! styrene } 12,5 10.7 12,3
Decene 0,3 Indene 0,4 26,4 2,8
Indene 0,7 85 8,2 Ethyl styrene 1) 71 1,9
Ethyl styrene 1,6 12,2 1) Decene 1) 1) 1)
Methyl |ndene 1) 19,6 Methyl indene 1) 19,6 2,7
Naphthalene 2,2 164 Naphthalene 6 205 103
Methyl naphthalene 1)
1) Prgsent but concentration too low to measure.
Summary of chemical groups
Fire
. Wood Polypropylene
Proportion
Growth Sstf:t(l \ Decay Growth SSt;aaattly Decay
Total 54 2 584 429 1129 4 526 2 080
% Oxygenated organics 36 30 35 1" 5 3
% Unsaturated hydrocarbons 27 20 19 72 47 44
% Saturated hydrocarbons 22 4 2 1 22 17
% Aromatic hydrocarbons 15 46 44 16 26 36
% Organics to carbon
monoxide 5 6,5 7.1 376 57 14

1
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Table 2 — General classification of fires

Fire Oxygen') Ratio Temperature!) Irradiance3
% C0,/C02 ° kW/m2
1 Decomposition
a) Smouldering (self-sustained) 21 N/A <100 N/A
b) Non-flaming (oxidative) 5to 21 N/A <500 <25
c) Non-flaming (pyrolytic) <5 N/A <1000 N/A
2 Developing fire (flaming) 10 to 15 100 to 200 400 to 600 20 to 40
3 Fully developed (flaming)
a) Relatively low ventilation 1t0 5 < 10 600 to 900 40to 70
b) Relatively-high-ventiation B-teo—10 106 600-te—1-200- 50-te—1
1) Generfl environmental condition (average) within compartment.
2) Mean |value in fire plume near to fire.
3) Incideht irradiance on to sample (average).
Table 3 — Summary of principal laboratory methods
Method Copmbustion| Furnace Air Quantity of | Animals/No.| Exposure Exposure Toxicity Chemical
device |temperature| flow material per test mode duration | measurements5 analyses
DIN Movable Fixed, Dynamic | Fixed, Rats, at Head- 30 min LCgg CO, COq 09,
annular 200 °C to same least 5, only or (30 min + selected
tube 600 °C volume or usually 20 whole 14 day) gases
furnace weight body and others COHb
CAMI | Tlibe Fixed, Static, | Fixed, Rats, 3, Whale 30 min t;and 14" CO, COq Oy,
furnace 625 °C recircu- | 0,75 g1 at least 3 body HCN,
lating tests selected
gases
NBS Cfucible Fixed, 25 °C | Static | Varied, Rats, 6 Head- 30 min2) LCs CO, COy 0y,
furnace below 8¢ only (30 min COHb
auto-ignition maximum + 14 day)
temperature
US-Rad | Radiant Fixed, heat | Static Surface Rats, 6 Head- 30 min LC,, values CO, CO4H Oy
fyrnace fluxes up area only defining
5 W/cm2 varied major
categories of
toxic potency
U-PITT | Tube Programmed | Dynamic ) Varied Mice, 4 Head- 30 min RDgg”), LCg, |CO, CO4 O,
fyrnace to 600 °C only from 0,2 % | (30 min + HCN
above 0,2 % weight 10 min), S1, selected
weight loss loss3) asphyxiation gases
temperature range, histo-
pathology,
ITso
USF Tlbe Fixed‘er Static Normally Mice, 4, Whole 30 min tj and td‘” CO, CO4 O,
fyrnace programmed | or fixed, at least body selected
200 °C to dynamic [ 1g 2 tests gases
800 °C varied to
obtain LCgg
JGBRY | Rpdiant Programmed | Dynamic | Surface Mice, 8 Whole 15 min f CO, CO4, 0o,
heat to 600 °C area fixedn body HCN, H(I
furnace from room ar 324 Tm? sotected
temperature gases
1) CAMI method modified for fixed or programmed heating, flaming or non-flaming combustion and determination of LCg.
2) Optional 10-minute exposure to 30 mg/! of ICgy > 2 mg/| to determine if material rapidly produces toxic products.
3) Except for determination of sensory irritation.
4) PSC modified USF method to vary quantity of material and measure LCg and LTg.
5) Significant modifications are under development particularly on the combustion system.
6) The term LCg implies an acute toxicity evaluation including determining the nature of the toxicity and estimating the LCgq as an index of
toxic potency.
7) RD = Respiratory depression.

12



https://standardsiso.com/api/?name=9fe31124c24f976bc4e9f59d975758b7

ISO/TR 9122-1 : 1989 (E)

* Flash over
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Figure1 — General temperature-time curve of fire development in rooms
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