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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

The main task of technical committees is to prepare International Stan- 
dards, but in exceptional circumstances a technical committee may 
propose the publication of a Technical Report of one of the following 
types: 

- type 
catio 

1, when 
nofanl 

the required sup 
nternational Stan 

P0r-t 
dard 

cannot b 
9 despite 

e obtained for the 
repeated efforts; 

pu bli- 

- type 2, when the subject is still under technical development or 
where for any other reason there is the future but not immediate 
possibility of an agreement on an International Standard; 

- type 3, when a technical committee has collected data of a different 
kind from that which is normally published as an International Stan- 
dard (“state of the art”, for example). 

Technical Reports of types 1 and 2 are subject to review within three 
years of publication, to decide whether they can be transformed into 
International Standards. Technical Reports of type 3 do not necessarily 
have to be reviewed until the data they provide are considered to be no 
longer valid or useful. 

lSO/TR 9122-2, which is a Technical Report of type 2, was prepared by 
Technical Committee ISO/TC 92, Fire tests on building maferials, com- 
ponents and structures. 

IS0 9122 consists of the following parts, under the general title Toxicity 
testing of fire effluents: 

- Part 1: General 
[Technical Report] 

- Part 2: Guidelines for biological assays to determine the acute 
inhalation toxicity of fire effluents (basic principles, criteria and 
methodology) 
[Technical Report] 

- Part 3: Methods for the analysis of gases and vapours 

Annex A of this part of IS0 9122 is for information only. 

iv 
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Introduction 

Several small-scale test methods for assessing the inhalation toxicity 
of the fire effluents of materials and simple composites have been de- 
scribed in the literature. They have been used mostly for research and 
development purposes. 

Such test methods are usually split into three parts: a fire model (gen- 
eration of fire effluent), analytical methods, and an animal model (bi- 
ological assay procedure). These test methods differ substantially, 
especially in the use of various fire models. 

ISO/TR 9122-2 considers only the biological assay procedures (animal 
model). The approach used in this document has been to recommend 
minimum standards of scientific practice. This principle has been suc- 
cessfully applied in the toxicity assessment of drugs, pesticides and 
chemicals and, as a consequence, international guidelines harmonizing 
scientific contributions in toxicity testing have been published. 

The guidelines in this Technical Report for the determination of the 
acute toxicity of fire effluents have been developed from the collective 
experience of the participating experts and from their consideration of 
published results as shown in the bibliography (see annex A). 

Basic principles of inhalation toxicology (as outlined, for instance, in 
international guidelines for toxicity testing of chemicals, pesticides or 
drugs) also apply to the determination of the acute inhalation toxicity of 
fire effluents. Additionally, criteria have been determined for acceptable 
biological assays which consider specific effects in combustion 
toxicology. Some criteria have been defined from the toxicologist’s point 
of view concerning acceptable fire models (see clause 2) and suitable 
analytical methods. Recommendations for an appropriate selection of 
suitable methods have been formed by critically reviewing biological 
assay procedures against these basic principles and special criteria. 

The followi 
disc ussed: 

ng basic principles and criteria have been selected and are 

- the nature of toxic effects (narcosis, irritancy, etc.); 

- the relevance of animal data to humans; 

- suitable endpoints of biological assays (lethality and incapacitation); 

- characterization of toxic effects (qualitatively and quantitatively); 

- reliability, validity, repeatability, reproducibility and sensitivity; 

- characterization of doses; 

- exposure time period (5 min and 30 min); 
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- exposure systems; 

- modes of exposure; 

- fire models; 

- observations and examinations; 

- post mortem examination; 

- data evaluation and reporting; 

- good laboratory practice; 

- personnel. 

Test concepts are recommended and the following conclusions are 
drawn: 

- suitable biological assays are available for the determination of 
narcotic effects which meet the basic principles and criteria; 

- biological assays are available for the determination of sensory 
irritant effects which meet the basic principles and criteria. The cor- 
relation of the effects found in animals with humans is uncertain; 

- suitable biological assays are available for the determination of 
pulmonary irritant effects, which meet the basic principles and cri- 
teria; 

- suitable biological assays such as the OECD (Organisation for 
European Community Development) Guidelines PI are available for 
the determination of toxic effects other than narcotic or irritant ones, 
which meet the basic principles and criteria; 

- analytical P retests are recomm ended before tests 
performed i n order to minimize the us e of ani mals. 

with animals are 
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TECHNICAL REPORT ISO/TR 9122=2:1990(E) 

Toxicity testing of fire effluents - 

Part 2: 
Guidelines for biological assays to determine the acute 
inhalation toxicity of fire effluents (basic principles, criteria and 
methodology) 

1 Scope 

The main objective of IS0 Technical Report 9122-2 
is to provide researchers with basic background in- 
formation on methods suitable to define the acute 
inhalation toxicity of fire effluents, as generated by 
fire models (see clause 2). 

In producing IS0 Technical Report 9122-2, compre- 
hensive and critical reviews have been made of the 
current state-of-the-art of biological assay methods 
in combustion toxicology. It is, therefore, hoped that 
researchers will be encouraged to use common ap- 
proaches in research, so that data and test results 
can be more widely used for assessments of com- 
parative toxicity, and also to minimize the overall 
use of biological assays. 

While it has been felt essential to specify minimum 
standards of scientific practice, the selection of 
suitable and recommended experimental methods 
is left to the judgement and responsibility of the sci- 
entific experts performing these tests. 

The scope of this Technical Report includes 

- basic principles of inhalation toxicology applica- 
ble for biological assay of fire effluents; 

- criteria for acceptable biological assays; 

- some criteria on fire models and analytical 
methods, from the toxicologist’s point of view. 

This Technical Report does not take into account 
chronic and long-term effects of fire effluents and 
their adverse effects, such as heat or oxygen de- 
pletion, arising from fire. 

This Technical Report is mainly intended to be use- 
ful in research and development laboratories. It 
should be emphasized that the use of toxicity test 
results alone to classify materials with respect to 
their fire safety use is inadequate. The integration 
of toxicity data into a toxic hazard assessment is 
essential but is presently not well defined and 
should be the next major goal for combustion 
toxicology. 

2 Definitions 

For the purposes of this Technical Report, the fol- 
lowing definitions apply. 

2.1 acute toxicity: The effects following a single 
exposure to, or dose of, a toxicant. The effects may 
be seen immediately, or after a delay of hours or 
days. 

2.2 biological assay (or bioassay): Originally a term 
reserved for the use of a biological system to detect 
and/or measure the amount of a biologically active 
material. In the fire context it refers to the use of 
animal exposures, rather than chemical analyses, to 
determine the toxicity of a fire effluent. 

2.3 chronic toxicity: Toxicity resulting from multiple 
doses or exposure to a toxicant over an extended 
period of time. 

2.4 concentration: The amount of a contaminant in 
the atmosphere per unit of volume of the atmos- 
phere, usually quoted as mass/volume (milligrams 
per millilitre or milligrams per cubic metre) ot 
volumejVoIume (parts per million or per cent). 
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2.5 delayed toxicity: A toxic effect which is not 
manifested until a period of several hours, days or, 
in some cases, weeks after exposure to the 
toxicants. 

2.6 dose: The amount of a toxicant received by an 
animal. In combustion inhalation toxicology, the 
dose can be determined in terms of the Exposure- 
Dose. 

2.7 E&: Effective concentration 50 %. A concen- 
tration statistically calculated to cause an effect 
( g e. ., incapacitation) in 50 % of the exposed ani- 
mals. 

2.8 ECISO: The mathematical product of time of ex- 
posure and concentration statistically calculated to 
cause an effect in 50 % of the animals. 

2.9 exposure-dose: The amount of toxicants to 
which a subject is exposed for a specified time pe- 
riod. For individual gaseous toxicants, the 
Exposure-Dose is the integrated area under a con- 
centration VS. time curve and is expressed in parts 
per million minutes. In combustion toxicology of fire 
effluents, the Exposure-Dose is the integrated area 
under a mass loss per unit volume vs. time curve 
and is expressed in milligrams minutes per litre. It 
is often estimated by multiplying the concentration 
(expressed as the nominal furnace load/chamber 
volume or nominal mass loss/chamber volume) by 
the time of exposure. 

2.10 fire effluent: The total gaseous, particulate or 
aerosol effluent from combustion or pyrolysis. 

2.11 fire model: A means for the decomposition 
and/or combustion of test specimens under defined 
conditions to represent a known stage or stages of 
fire in order to generate fire effluents for toxicity as- 
sessments. (This term is also used by the fire sci- 
ence community to mean the mathematical 
simulation of fire characteristics.) 

2.12 incapacitation: An inability to perform a task 
(related to escape from a fire) caused by exposure 
to toxicants. 

2.13 irritation (pulmonary): The action of irritants 
on the lower respiratory tract which may result in 
breathing discomfort (dyspnoea), increase in respir- 
atory rate and, in severe cases, to pneumonitis or 
pulmonary oedema. 

2.14 irritation (sensory): A response evoked in the 
eyes and upper respiratory tract by a toxicant and 
causing a painful sensation. This may be a direct 
stimulus of specialized receptors or secondary to 
tissue damage caused by the toxicants. 

2.15 LC& Lethal concentration 50 %. The concen- 
tration statistically calculated to cause the death of 

half the animals exposed to a toxicant for a specified 
time. It may be expressed in parts per million (ppm) 
(by volume), or milligrams per litre (mg/l). In com- 
bustion toxicology, two values are often used: a) the 
LC&, expressed as milligrams per litre which is the 
starting mass of material in the study divided by the 
volume of available air (nominal furnace load con- 
centration), and b) the LCso expressed as milligrams 
per litre which is the mass of material actually 
consumed(i.e., the difference between the starting 
mass and the finishing mass) divided by the volume 
of available air (nominal mass loss concentration). 
Care must be taken to distinguish between the two. 
As explained under Exposure-Dose, the time of ex- 
posure is very important in inhalation toxicology, 
and the length of exposure should always be quoted 
for an LC50. 

2;16 LCTSO: The Exposure-Dose statistically calcu- 
lated to cause the death of 50 % of the animals. This 
value is useful for comparing results obtained in 
experimental regimes employing different exposure 
times. The duration time of exposure must always 
be quoted. 

2.17 LT50: The time exposure statistically calcu- 
lated to cause the death of 50 % of the animals for 
a fixed concentration of toxicant. 

2.18 narcosis: Literally “sleep inducing”, but used 
in combustion toxicology to describe central nerv- 
ous system depression causing reduced awareness 
and reduced ability to escape. At higher concen- 
trations of toxicants, unconsciousness and finally 
death will occur 

2.19 pneumonitis: Inflammation of the lower re- 
spira tory tract. 

2.20 pulmonary cledema: Extravasation of blood 
plasma in the alveolar regions of the lung caused 
by vascular damage, inflammation or inadequate 
venous drainage. The build-up of fluid impairs the 
absorption of oxygen into the blood. 

2.21 respiratory tract: The nose, pharynx, larynx, 
trachea and large bronchi are termed the upper re- 
spiratory tract and the bronchioli, alveolar ducts and 
alveoli are termed the lower respiratory tract. 

2.22 specific toxicity: A particular adverse effect 
caused by a toxicant (e.g., narcosis, irritancy). 

2.23 toxic potency: A measure of the amount of 
toxicant required to elicit a specific toxic effect - 
the smaller the amount required, the greater the 
potency. 

2.24 toxicant: A chemical capable of exerting an 
adverse effect or effects on an organism. The 
toxicant can be characterized by two properties: the 
specific toxicity - the nature of the adverse effect, 

2 
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and the toxic potency - the dose required to cause 
the effect. 

2.25 toxicity: The nature (specific effect) and extent 
(potency) of adverse effects of a substance upon a 
living organism. 

3 Principles 

3.1 Nature of toxic effects 

The aim of most toxicity evaluations is to provide 
data in order to predict the consequences of expo- 
sure in humans. Suitable available data concerning 
the effect of similar substances on humans must be 
considered in determining the relevance of animal 
studies. Data exist, concerning the effect of fire 
effluent atmospheres, which have been derived from 
studies on many fire victims, especially post-mar-tern 
examinations. Victims are generally found with high 
carboxyhaemoglobin levels, indicating exposure to 
carbon monoxide, and in some cases hydrogen 
cyanide exposure has been implicated. Carbon 
monoxide and hydrogen cyanide are both known to 
cause progressive central nervous system de- 
pression leading to unconsciousness and death. 
This type of toxic effect has been termed 
“narcosis” and is considered to be very important 
in the response of humans to fire effluents. 

There are many reports of fire effluents being de- 
scribed as “irritant”, causing coughing, choking and 
an inability to see. Chemical pneumonitis has also 
been reported in both fire survivors and fatalities. 
Irritancy, both sensory and pulmonary, is considered 
to be a major factor in the response of humans to 
fire effluents. There have been few, if any, fire cas- 
ualty reports due to other significant toxicological 
effects apart from narcosis and irritancy. 

3.2 Relevance of animal data to humans 

The effects seen in experimental animals have been 
very similar to those seen in humans. Death has 
been attributed to the presence of “narcotic” gases 
such as carbon monoxide and hydrogen cyanide. 
Irritants have been shown to be present, detected 
by clinical observations of salivation, nasal dis- 
charge, Iachrymation and measurements of respir- 
atory rate. Pulmonary damage has also been 
confirmed by histopathological examination of the 
lungs of animals exposed to high concentrations of 
corrosive irritants. 

In general, direct-acting chemicals appear to have 
the same spectrum of activity across the species, 
including humans. A comprehensive review 1151 
compared the action in humans and laboratory ani- 
mals for an extensive list of chemicals present in fire 
effluents and, in many cases, agreement was found 

between the acute effects in humans and the effects 
in labora tory animals. 

There are, however, some physiological differences 
between small rodents and man which are espe- 
cially important in combustion toxicology. For in- 
stance, the respiratory minute volume to body 
weight ratio of small rodents is generally greater 
than in humans. This phenomenon has been used 
to human advantage in the past where small rodents 
or canaries have been used to detect the presence 
of narcotic gases in mines and chemical vessels. 
The rodent is adversely affected before a human 
because, at rest, a human breathes 160 ml/(min-kg) 
whereas a rat breathes 900 ml/(minkg) - a ratio of 
approximately 1:6. However, under conditions of ac- 
tivity, such as may be encountered in a fire, a hu- 
man’s respiration rate can increase to 
500 ml/(min-kg) or even higher, giving a ratio of ap- 
proximately 1:2. Thus it could be considered that the 
rat provides a reasonable model of “active” human 
respiratory uptake. Any discrepancy resulting from 
rats being more sensitive than humans can be tol- 
erated as this provides a “safety factor” when ex- 
trapolating the results from animals to humans. It 
would also be unrealistic to expect the precision of 
the response in laboratory animals, to a complex 
mixture of compounds present in fire effluents, to be 
such that a factor of 2 difference between rat and 
human would significantly affect the extrapolation 
of the data. 

A second physiological difference of importance is 
that small laboratory rodents are obligate nose 
breathers, whereas a human can choose to breathe 
through either the mouth or the nose. In fact, under 
conditions of high workload, stress, or in the pres- 
ence of irritants, man becomes almost totally a 
mouth breather. This difference is of little or no im- 
portance with regard to the effects of insoluble 
gases, but the rodent nose acts as a “scrubber” to 
remove water soluble gases, such as SO* or HCI 
and particulates. This may reduce the effect of these 
materials upon the lower respiratory tract. However, 
fine particles (less than 5 IAm) and high concen- 
trations of soluble gases will still have a significant 
impact upon the lungs in rodents as well as humans. 

In spite of these differences, the qualitative re- 
lationship between the effects of fire effluents on 
humans and laboratory animals is excellent and a 
reasonably good quantitative correlation has been 
observed for fire effluents studies to date. 

33 “Classical” inhalation toxicology vs. 
cbmbustion toxicology 

Most acute inhalation toxicology studies are carried 
out as part of the toxicological characterization of a 
chemical to enable decisions to be made about its 
use, transport and safe exposure levels. The aim of 
these considerations is the protection of those mak- 
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ing, using or buying the chemical. Consequently, 
rigorous testing regimes are used to provide 
“worst-case” assessments and l-h or 4-h exposures 
are often used. The level of adverse effects which 
will be tolerated is very low, so that mere survival 
at a concentration is not considered adequate if 
there are other, non-fatal consequences. The range 
of toxic effects which are likely to occur is very 
broad and the protocols employed are designed to 
reflect this. In contrast, combustion toxicology aims 
to model an “emergency” situation. Consequently, 
the exposure times used are generally much re- 
duced, 5 min to 30 min being typical. Survival is the 
single most important factor and consequently much 
greater emphasis is placed on incapacitation, se- 
vere toxicity and death, rather than changes in body 
weight, for instance, which would be significant in a 
conventional study. As knowledge in combustion 
toxicology has increased, the range of toxic effects 
considered to be important has narrowed to 
narcosis and irritancy. Specific consideration must 
be given to these. 

3.4 Determination of qualitative aspects of 
toxicity (specific toxicity) 

Toxicology involves the determination of the biolog- 
ical responses caused by toxicants in both qualita- 
tive and quantitative terms. The OECD acute 
inhalation protocols PI have been devised to pro- 
vide a broad screen for the determination of the 
qualitative aspects of toxicology, for instance, 
whether the toxicant causes death by narcosis, or 
liver, kidney or pulmonary damage. This can be 
considered to be the determination of the toxicant’s 
specific toxicity (see clause 2). 

3.5 Determination of quantitative aspects of 
toxicity (toxic potency) 

The quantitative aspects of a toxicant are addressed 
by varying the dose of toxicant and relating it to the 
toxicity seen. At each dose level the effects are re- 
corded either as quanta1 or continuous variables. 
The two values most commonly use are the EDs0 
(effective dose to cause 50 % response or a re- 
sponse in 50 % of the animals) and the “No Effect 
Level” (the highest dose which does not cause a 
particular effect). In inhalation toxicology, including 
combustion toxicology, the EC50 type of value is 
most often calculated, for instance the LCse (t) (con- 
centration to which the animals have been exposed 
for a time t, and which is calculated to kill 50 % of 
the animals) or the incapacitation EC50 (t) (the con- 
centration to which the animals have been exposed 
for a time t which is calculated to cause incapaci- 
tation in 50 % of the animals). These values are 
calculated from experiments where responses of 
less than 50 % have resulted and from experiments 
where more than 50 % responses have occurred. 

Both the LC& and the EC50 are then calculated sta- 
tistically. 

In addition to the commonly quoted LC50 and EC50 
values, two other values are determined: the slope 
of the concentration-response curve and the confi- 
dence limits for the L&-o and EC50. The slope of the 
concentration-response curve is important; for in- 
stance, two toxicants with the same LC5e may have 
different effects at a fraction of the LC50. A com- 
pound with a steep concentration-response curve 
would probably have no effect at 0,2 LCsO, whereas 
one with a shallow curve may cause death in 20 % 
of th.e animals at 0,2 LC50. In most combustion 
toxicity experiments the concentration-response 
curves have been steep. The confidence limits for 
the LC& describe the certainty with which a given 
figure lies within a range. The inherent variability of 
L&o determinations is such that differences of less 
than a factor of 2 to 3 are often not statistically sig- 
nificant; in addition, such a factor would not be 
toxicologically significant. 

3.6 Relative toxicity and its significance 

The quantitative indices of toxicity are often used to 
compare the toxicities of different materials to as- 
sess their relative toxicity. This can be misleading 
unless it is certain that similar values are being 
compared (see 3.5 for some of the problems asso- 
ciated with the expression of “dose” and LC5* val- 
ues in combustion toxicology). Even when care has 
been taken to express the values in an appropriate 
way, practical differences in relative toxicity are 
usually not indicated unless LCsos differ by greater 
than one order of magnitude. While reported LCsOs 
for individual gases found in fire effluents are dis- 
tributed over several orders of magnitude, LCsos at- 
tributed to the fire effluents derived from most 
materials, expressed as either mass loss or furnace 
load per unit of exposure volume (milligrams per li- 
tre), tend to fall into a much narrower range (1 to I,5 
orders of magnitude). This narrow LCsO range, com- 
bined with the inherent variability of LC50 values 
derived for fire effluents from materials, exerts an 
obvious limitation on the numbers of categories into 
which the LC50 values can be classified for signif- 
icant and practical discrimination of relative toxicity. 

3.7 Concentration/time/response 
relationships 

The magnitude or severity of most biological effects 
increases with increasing doses of the causative 
agent, usually the increase in effects being propor- 
tional to the logarithm of the dose. In inhalation 
toxicology, the “dose” is a function of many factors, 
two of which are: the concentration of the toxicant in 
the atmosphere and the duration of the exposure 
WI . Multiplying the atmosphere concentration by 
the exposure time enables a rough estimate to be 
made of the “dose” inhaled (but not necessarily re- 
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tained) by an animal, assuming constant ventilation. 
Most inhalation toxicology studies use a fixed time 
of exposure and the dose-response relationship of 
the compound is investigated by varying the atmos- 
pheric concentrations. The magnitude of the re- 
sponse (which may be quanta1 or continuous) is 
plotted graphically against the logarithm of the at- 
mospheric concentration. The slope of the relation- 
ship can be determined, as can such parameters as 
the ECSo, the atmosphere concentration calculated 
statistically to cause an effect in half the animals for 
a quanta1 response or to cause 50 % of a given 
continuous effect. Alternatively, the atmosphere 
concentration can be fixed and the time of exposure 
varied. In this case, ET50 values, the exposure time 
to cause 50 % responses can be derived. Families 
of curves relating effect to atmosphere concen- 
tration and time of exposure can be generated. 

At longer time periods the variation in response is 
most sensitive to changes in atmospheric concen- 
tration, while for short time periods the response is 
relatively insensitive to changes in atmospheric 
concentration. Different toxicants will have different 
time-concentration relationships, which should be 
understood to characterize the response ade- 
quately. This is especially important in combustion 
toxicology as many fire safety systems use time 
available for escape as a design criterion. 

3.8 Test concepts 

The role of testing should basically be to confirm 
that the toxicity of a fire effluent atmosphere can be 
adequately described by a consideration of the 
known constituents and that no other toxicants are 
present in toxicologically significant amounts, which 
would cause an unexpectedly high toxic potency. 

As a result of considerable research on the common 
fire effluent toxicants, concentration-time-response 
mathematical relationships are now becoming quite 
well understood. Effects of the narcosis-producing 
toxicants, CO and HCN, on rats, along with reason- 
able extrapolation to humans via nonhuman primate 
studies, may be predicted from analytical determi- 
nation of the time course of toxicant evolution. Cur- 
rent research is aimed at answering questions of 
interaction. In addition, concentration-time-response 
relationships for irritant combustion products (HCI, 
in particular) are now being worked out to enable 
prediction of irritant effects from analytical data. 

It thus appears likely that assessment of both inca- 
pacitation and lethal effects of fire effluents contain- 
ing the common toxicants will not require the use 
of live animal models for predicting their 
toxicological effects. The role of a toxicity test using 
animals would be primarily to validate effects pre- 
dicted from mathematical models. Conceptually, a 
sequence for the testing of a material would be as 
follows: 

a) consideration of the chemical composition of the 
material to suggest which fire effluent compo- 
nents should be analysed; 

b) thermal decomposition and/or combustion using 
the method of choice, without exposure of ani- 
mals, but with analysis for the selected toxicants; 

c) assessment of analytical data to select that set 
of exposure conditions predicted to cause inca- 
pacitation and/or death; 

d) thermal decomposition and/or combustion to 
produce the predicted effective exposure condi- 
tions, with both analysis and exposure of exper- 
imental animals using the same method as 
chosen in b) above. If the animals respond in the 
predicted manner, the computed data can be 
considered to be validated. If the animals re- 
spond differently from the prediction, either in 
terms of specific toxicity or the effects occurring 
at an unexpected time, or with unexpected se- 
verity, further work would be required to identify 
the reason. 

This philosophy of testing for the toxicity of fire 
effluents renders the concepts of “pass” or “fail” as 
irrelevant. The test concept demonstrates whether 
or not data derived from a study of the material in 
relevant fire scenarios can be used to predict threat 
to life from toxic hazard, in terms of toxicity ex- 
pressed in the amount of material consumed and/or 
the toxic gases produced. Used in this way, data 
from toxicity tests can make a significant contrib- 
ution by enabling the risk to life in fires to be un- 
derstood. 

The use of animal experiments in this selective way 
would have other significant consequences. It would 
reduce the number of experimental animals used 
and would reserve their use to where it is essential. 
Additionally, animal experimentation is very expen- 
sive, another reason for reserving their use to those 
occasions where it is absolutely necessary. The 
economic burden carried by manufacturers, and ul- 
timately by society, during the development of new 
materials can then be kept to a minimum, while be- 
ing consistent with safety. 

4 Criteria 

In order to judge the suitability of a biological assay 
or test system it must fulfil certain criteria, which are 
discussed below. 

4.1 General criteria 

In general, the biological assay must be capable of 
defining both the qualitative nature of the toxicity 
caused by fire effluents and the quantitative aspects 
of the toxicity of fire effluents. The method must use 
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relevant biological procedures which have been ac- 
cepted and validated by the toxicology community. 
Most appropriately, these methods should have 
been assessed for their validity. Validation should 
have included evidence of reproducibility and sen- 
sitivity with certain reference toxicological agents 
such as carbon monoxide, hydrogen cyanide, 
acrolein and hydrogen chloride. In general, the 
guidelines for acute inhalation toxicity studies pro- 
vided by the OECD C*l provide a good basis for a 
biological test. The biological tests must be per- 
formed following the principles of “Good Laboratory 
Practice” CW. 

4.2 Fire model 

Several different fire models exist. Before any bi- 
ological assay with animals is performed, the suit- 
ability of a fire model must be confirmed. In general, 
the following criteria should be considered: 

- Relevance: 

Some relationship mus t be established betw een the 
experi mental fire e fflue nt and phases of real fires. 

- Definition: 

The combustion system and the generation method 
of fire effluent comprising the fire model must be 
well defined. 

In some cases the equilibrium concentration in an 
exposure system should be reached in at least one- 
fifth of the planned exposure time and kept constant 
thereafter (with a maximum exposure time of 
30 min). 

The oxygen content of the atmosphere breathed by 
the animals should not be less than 16 % (v/v) and 
the temperature not higher than 40 “C for head/nose 
exposure, but preferably lower, if whole body expo- 
sure is used. 

In an ideal system, one would expect to determine 
concentration-response or time-response relation- 
ships. Changes in the overall concentration should 
be made in such a way that the concentration of the 
different fire effluent is varied proportionally, i.e., the 
ratio of different compounds in the fire effluent re- 
mains constant. 

43 . Analytical measurements 

During exposure the concentration of the following 
fire effluents must be measured (preferably contin- 
uously): 

- carbon monoxide; 

- oxygen; 

- carbon dioxide; 

- hydrogen cyanide (if present); 

- other relevant toxicants, if present (HCI, HBr, 
etc.). 

4.4 Animals 

The animals used should either be rats or mice be- 
caus-e of the .background data available for these 
species and the availability of established strains. 
They should be from a known, registered, stable 
strain and they should be obtained from a reputable 
breeder. They must be in good health and free of 
infection, especially pulmonary infection. They must 
be housed in clean, well-maintained facilities which 
conform to local regulations or guidelines for the 
maintenance of laboratory animals. The animals 
should be humanely treated, in accordance with lo- 
cal guidelines or regulations where appropriate. 

The criterion does not preclude the use of other ex- 
perimental animals in more specialized research in 
combustion toxicology (e.g., primates for 
neurological or behavioural studies). 

4.5 Experimental design 

The philosophy inherent in these criteria is for a 
study which is designed to assess the acute 
toxicology of fire effluents as a first evaluation fol- 
lowing analytical studies to establish the major pu- 
tative toxicants. Even though the major toxic effects 
of fire effluents are narcosis and irritation, the pos- 
sibility of other effects being produced must be ac- 
commodated. For this reason, a group of five male 
and five female animals should be used for the 
general acute inhalation toxicity portion of the study 
(i.e., clinical observations, body weight, post mortem 
examinations). The number of animals required for 
other specialized investigations such as objective 
assessment of narcosis or respiratory rate monitor- 
ing is left to the judgement of the investigator using 
a validated method. These animals may be some or 
all of the animals comprising the general acute 
toxicity group provided the specialized investi- 
gations are not considered to affect the animals ad- 
versely. The use of a concurrent, sham-exposed 
group is recommended to provide a basis for com- 
parison. 

The number, sex, strain and species of animals used 
in any studies, subsequent to the initial general 
toxicology study should be determined, taking into 
account the needs of such work. 
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46 . “‘Exposure-Dose” 

Most physiological responses are “dose-related”, 
i.e., the magnitude of the response increases with 
increasing dose or accumulated body burden of a 
physiologically active agent. Since the actual dose 
cannot be directly measured in inhalation 
toxicology, the assumption is made that the accu- 
mulated body burden of toxicants from smoke 
inhalation is a function of smoke concentration and 
exposure time PI. As an expression of the insult to 
which a subject is exposed, the term “Exposure- 
Dose”, is often used. 

Concentrations of common fire gas toxicants, such 
as carbon monoxide (CO) and hydrogen cyanide 
(HCN) are usually expressed as parts per million 
(ppm) by volume. Therefore, the Exposure-Dose 
over a period of time can be expressed as the 
product of the concentration and time, i.e., in parts 
per million minutes (ppmsmin). In the case of 
changing concentrations of gaseous toxicant, the 
Exposure-Dose is actually the integrated area under 
a concentration VS. time curve. 

One can also deal with the concept of Exposure- 
Dose as it applies to fire effluents. Quantification of 
a fire effluent concentration involves the following 
parameters: 

m, 

is the 
sa mple 

original mass, in milligrams, of 

is the mass, in mill igram 
of the sampl e after test; 

s, of the residue 

qv is the rate flow of air, in litres per minute, 
into the exposure chamber for dynamic, 
steady-state systems; 

V 

t 

is the volume of air, in lit res, in the 
chamb er for co nsta nt vo Iume systems; 

is the duration of exposure, in minutes. 

The following can be determined from the above 
values to describe the amount of material used in a 
study: 

Nominal furnace load concentration: 

cFL=- w - Or + 
Nominal mass loss concentration: 

c ‘WL = me-m, Or m”7 4v*t 

These expressions indicate the concentration of fire 
effluents which would be present if either the mass 
of the test material used or the mass of the material 
consumed were to be distributed uniformly into the 
diluting air. The calculated values should be corre- 

lated with data from adequate monitoring methods 
to determine the actual concentrations of fire 
effluents. 

Especially in “static systems”, the nominal mass 
loss concentration may be misleading where the 
thermal decomposition process lasts for a signif- 
icant portion of the animal exposure time. During 
this time the fire effluent concentrations increase 
and steady concentrations of effluents in terms of 
either toxic products or amount of material con- 
sumed are not reached until late into the exposure. 
In these cases, in which the thermal decomposition 
process lasts for longer than 5 % of the exposure 
period, the consumption of the test material must be 
monitored by mass loss at least every minute. 

Once fire effluent concentration has been calculated, 
the Exposure-Dose can be determined in a manner 
quite analogous to that used for single gaseous 
toxicants. Expressed in milligrams minutes per litre, 
the Exposure-Dose is the integrated area under the 
fire effluent concentration VS. time plot associated 
with an exposure PI. 

In practice, the Exposure-Dose is often calculated 
by summation of incremental mass loss values per 
unit volume of the system, multiplied by the incre- 
mental time associated with the mass loss. For a 
static/constant volume system, this would be ex- 
pressed as follows: 

Exposure- Dose = 
(Am)i*(At)i 

V 

Am is the incremental mass loss, in milli- 
grams, over At; 

At is the incremental time, in minutes; 

v is the dilution volume, in litres, of the 
system; 

rl is the number of 
ments employed. 

incremental time seg- 

For the calcul 
state system: 

ation in the case of a dynamic/steady- 

Exposure-Dose = 
’ tAm)i 

c - 
4v i= 1 

where qv is the flow rate, in litres per minute. 

For situations in which material mass loss is not 
determined incrementally and thermal degradation 
can be ascertained to be at a uniform rate, Am in the 
above equations is the material mass loss occurring 
over the total time of the exposure. 

The use of the Exposure -Dose co ncept is recom- 
mended to acco mmodate poten tial anom ali es aris- 
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ing from the occurrence of a slow rate of thermal 
degradation in a static/constant volume system, or 
a non-steady-state thermal degradation in a dy- 
namic system. 

4.7 Exposure duration 

The relationship between time and concentration is 
important in combustion toxicology. In order to pro- 
vide some data on this relationship, two exposure 
time periods of 5 min and 30 min should be used for 
each furnace condition. 

If LTSO values need to be determined, other expo- 
sure time periods can be used. In any event, the 
exposure time should be long enough to guarantee 
chamber equilibrium. 

4.8 Thermal decomposition methods and 
exposure methods 

The term “dynamic” has been applied for exposure 
methods in which the fire effluents are generated 
continuously (dynamic) over the total exposure time 
period using a flow-through system. This is intended 
to result in a “steady-state” concentration profile in 
the exposure chamber, if the decomposition condi- 
tions are kept unchanged. If the decomposition con- 
ditions are changed during the experiment, a 
“non-steady-state” concentration profile will result. 

The term “static” has been applied for exposure 
methods by which the fire effluents are generated in 
a defined volume of air. Therefore, alternatively, the 
term “constant volume” (i.e., closed system) can be 
used for this method, resulting in a “non-steady- 
state”concentration profile. A “steady-state” con- 
centration profile may be reached after the end of 
the decomposition process and proper mixing in the 
chamber, if absorption on to chamber surfaces can 
be neglected. 

It may sometimes be an advantage to use both 
methods of exposure, if required (e.g., relevance to 
certain fire situations). The following basic require- 
ments are considered to be essential for the se- 
lection of a suitable exposure method: 

a) the exposure method which enables good re- 
peatability and reproducibility of test results 
should be selected 

b) significant heat stress 
should be avoided; 

or oxygen depletion 

c) it must be possible to determine concentration- 
response or time-response relationships. 
Changes in concentration should be obtained so 
that the ratio of different components of the fire 
effluent remains constant. 

4.9 Animal exposure modes 

Two different exposure modes may be used: 

- whole body exposure modes (animals in cham- 
bers); 

- head-nose exposure modes (animals in tubes). 

The head-nose 
dominantly. 

exposure mode has been used pre- 

Some basic requirements are considered to be es- 
sential for both 

a) the materials used to build the exposure appa- 
ratus should be as inert and non adsorbent as 
possible and should allow good observation of 
the animals; 

b) the exposure chamber should provide for homo- 
geneous distribution of fire effluents and rapid 
filling; 

c) The environmental conditions (temperature, 
pressure, humidity, air-flow and velocity) as well 
as the maximum tolerable number of animals per 
unit of chamber volume should be in accordance 
with international guidelines and published ex- 
perience I?, 3, 101, to allow for reproducibility of 
the tests and to avoid unnecessary stress or 
discomfort to the animals. 

4.10 Observations and examinations 

The animals should be observed 

a) during exposure; 

b) immediately post-exposure; 

c) and daily for at least a 14-d post-exposure pe- 
riod. 

4.10.1 Observations during exposure 

The animals must be observed throughout the ex- 
posure whenever visibility permits. Particular atten- 
tion should be directed to 

- observations of breathing behaviour, motor ac- 
tivity (e.g., lethargy, coma); 

- changes of mucous membranes (e.g., salivation); 

- effects on ce 
convulsions). 

ntral ne rvou s system (e.g., tremor, 

A method for the objective assessment of narcosis 
should be used. 
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Particular attention should be given to irritant effects 
such as changes in respiratory pattern and nasal 
discharge. Time of death should be recorded as 
precisely as possible. 

4.10.2 Observations immediately post-exposure 

All animals, including controls, must be subjected to 
a clinical examination as soon after the exposure 
terminates as practicable. This evaluation should 
include, but not be limited to, changes in the skin 
and fur (condition of pelt), eyes (condition of eyes, 
cornea1 reflex), mucous membranes (conditions, 
salivation) respiratory, circulatory, autonomic and 
central nervous system (pinna reflex, foot with- 
drawal reflex) and somato-motor activity (righting 
reflex). Particular attention should be directed to 
observation of tremors, convulsions, diarrhoea, 
lethargy, sleep and coma. The time of death should 
be recorded as precisely as possible. Measure- 
ments of COHb on animals dying during exposure, 
or on survivors within 5 min of exposure, should be 
made if an establishment of the toxicity related to 
CO is essential. Further measurements (blood 
cyanide, thiocyanate in urine) should be considered. 

4.10.3 During the observation period 

Surviving animals must be maintained for a 14-d 
post-exposure period. During this time they must be 
clinically examined daily. Their body mass should 
be recorded before exposure and 1 d, 2 d, 3 d, 7 d 
and 14 d after exposure. 

4.11 Post mortem examination 

Any animal dying must be subjected to a post 
mortem examination, except where autolysis would 
make this valueless. An additional group of animals 
should be killed and examined 48 h after exposure 
if oedema is to be assessed. All animals should be 
killed at the end of the 14-d post-exposure observa- 
tion period. The examination should include as- 
sessment of the major abdominal and thoracic 
organs, and the following organs should be re- 
moved, trimmed and weighed: lungs, liver, kidney. 
Selected tissues may be retained for possible 
histopathological evaluation. 

4.12 Results, data and reporting 

The results of the studies should be presented so 
that the quantitative and qualitative aspects of the 
toxicity of the fire effluents can be determined. This 
will involve tabulation of the results, the use of sta- 
tistical evaluation methods where appropriate and 
interpretation of the data. 

Data may be summarized in tabular form showing 
for each test group the number of animals at the 
start of the test, time of death or exposure time pe- 

riods of individual animals at different exposure 
levels, number of animals displaying other signs of 
toxicity, description of toxic effects and necropsy 
findings. Quantitative values such as LCso or ECsO 
may be determined by any appropriate published 
statistical method. 

Any quantitative values such as LC50 should be 
considered in conjunction with the observed specific 
toxic effects and the necropsy findings. Reference 
should always be made to the experimental animal 
species and the exposure time. An evaluation 
should include the relationship, if any, between the 
animals’ exposure to fire effluents and the incidence 
and severity of all abnormalities, including behav- 
ioural and clinical abnormalities, gross lesions, body 
mass changes, mortality and other toxic effects. 

The test report should include the following infor- 
mation: 

a) Test conditions 

- methods and conditions of fire effluent gen- 
eration; 

- samples used for generation of fire e ffluents 
(materia , volu me and/or mass config U ration); 

- description of mode of expo sure, exposure 
systems, in eluding desig ns tYP e, dimensions; 

- description of the equipment for measuring 
temperature, air flow, and gas concen- 
trations. 

b) Exposure data 

- airflow 
ment; 

rates through the inhalation equip- 

- temperature in the breathing zone of the ani- 
mals; 

- the definition of the concentration should be 
given [nominal furnace load concentration 
(CrJ or nominal mass loss concen- 
tration (C&)]. Values reported in correlation 
with an effect should be given in the following 
way: 

M EC, = . . . mg/l (t,CFL or CwL, T, FM, 0) 

M LC, = . . . mg/l (U& or GL, T, FM, 0); 

- the experimental conditions (duration of ex- 
posure = t, decomposition temperature = 
7’, fire model = FM) must be always written 
in parentheses together with the quantitative 
value of the material M. 
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M = material; 

EC = effective concentration (or LC); 

X = percentage of animals responding; 

2 = duration of exposure; 

T = decomposition temperature; 

0 = duration of observation period over 
which effect is scored; 

FM = fire model used; 

mg/l = nominal furnace load concentration 
CFL or nominal mass loss concen- 
tration (C&j; 

- the Exposure-Dose could be reported in milli- 
grams minutes per litre; 

- oxygen concentration in the inhalation at- 
mosphere; 

- analytical measured concentrations of 
toxicants (e.g., CO, HCN, CO*, HCI, etc.). 

c) Animal data 

- species/strain used; 

- tabulation of response data by sex and expo- 
sure levels (i.e., number of animals showing 
signs of toxicity, number of animals exposed); 

- time of death during or following exposure; 

- toxicity values (LCsc, EC& etc.) for each sex 
determined at the end of the observation pe- 
riod (with method of calculation specified); 

- Exposure-Dose lethality curve and slope 
(where permitted by the method of determi- 
nation); 

- necropsy and histopathological findings in- 
cluding a record of lesions and abnormalities 
observed; 

- test results should be compared with results 
-’ from ap.propriate reference compounds (such 

as CO, HCN, irritants), performed in the same 
laboratory. 

5 Recommendations of methodology 

Much of the methodology appropriate for biological 
assays of the acute inhalation toxicity of fire 
effluents was developed for and has been utilized in 
research and development of various chemicals, 
drugs, pesticides, etc. f?, 3,41. It has been shown by 
intensive research, that these methods can also be 
applied to the assessment of the toxicity of fire 
effluents. 

The methodology has been extensively reviewed [61 
and several methods are available which meet the 
principles and criteria set forth in clause 3 and 
clause 4. These methods are therefore suitable to 
assess the acute inhalation toxicity of fire effluents, 
but no recommendations are given for a general 
preference of one or two specific methods. It is left 
to the responsibility of qualified toxicologists to se- 
lect one or more methods suitable for the assess- 
ment of toxicity on a case-by-case basis. 
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