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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 92, Fire safety, Subcommittee SC 3, Fire threat
to people and environment.

This third edition cancels and replaces the second edition (ISO 19702:2015), which has been technically
revised.

The main changes are as follows:
— Clause 3 has been updated;
— Annex K has been expanded.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Sampling and analysis of fire effluents is required for a variety of applications in life threat assessments[41[11]
[26] and environmental impact from fires assessments.le] The end result of these analyses is a list of chemical
species and their concentrations in the effluent at a specific time or over a time interval, and at a specific
location, during (and possibly after) the period of generation of the effluents. Depending on the end use of
these data, the requirements can range from a highly detailed, time-resolved, quantified and validated list of
chemical species to a simple estimate of a single compound or small range of compounds.

Although methods used in other fields are occasionally employed (e.g. atmospheric pollution), obtaining
relevant data often requires specialized sampling and analysis techniques. This is due to the complexity,
reactivity and generally “hostile” nature of typical fire effluents, as well as the commonly observed rapid
changes in concentrations with time and distance from the fire source.

The following typical properties of fire effluents render more “traditional” methods of sampling and analysis
inappropriate:

— high temperatures of 1 000 °C or higher;

— presence of aerosols (i.e. solid and liquid particulates) with a wide range of particle sizes and distribution,
together with adsorbed and absorbed chemical species;

— presence of condensable organic and inorganic vapours (e.g. water);
— high turbulence, with spatially and temporally variable concentrations;

— avery wide range of species and their concentrations, typically varying rapidly with time and location
with respect to the fire source (or heating zone in the case of a “bench-top” physical fire model);

— presence of acidic/corrosive species;
— presence of water-soluble species and/or or highly reactive species resulting in sampling losses.

The identification of these factors has led to the development of new methods or the adaptation of existing
methods for the sampling and analysis of the gases and vapours in the effluent from fires and physical fire tests.

Common sampling and analysis methods have emerged in recent years, and in some cases, International
Standards, such as ISO 19701, have been published for selected gases and vapours. Much of this information
is provided in ISO 19701, which presents a variety of methods for the sampling and analysis of individual
gases of toxicological importance. Several methods are often needed to determine all the species of interest
for fire hazard analysis.

Fourier Transform Infrared (FTIR) spectroscopy offers an improved procedure, principally through:
— single-method measurements of gases and vapours relevant to fire toxicology;

— time-resolved measurements over relatively short periods (i.e. concentrations of chemical species of
interest), enabling the monitoring of chemical species development and decay throughout the fire or
physical fire test; and

— revisiting the stored FTIR spectra to potentially obtain relevant data concerning the presence of a
toxicant which is identified as important.

While ISO 19701 summarizes the technique and some applications of FTIR in fire gas analysis along with
many other common methods, this document provides details of the established requirements and best
practices for obtaining reliable sampling and analysis results using the FTIR method.

FTIR spectroscopy can be used to analyse fire effluents using these two methods:

a) open path analysis, where the infrared beam is directed across the effluent within and/or outside the
fire test apparatus;
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b) extractive analysis, where a fraction of the effluent from a fire test apparatus is drawn continuously
through a heated sampling system through the gas cell of the FTIR instrument, enabling remote
measurement (e.g. IMO Resolution MSC 61(67), Part 2: Toxicity analysis[?]).

Both procedures (and variants) have been successfully applied, although the extractive analysis technique is
far more common in fire effluent analysis.

Of particular relevance in the development of FTIR as a practical tool in fire gas analysis is the Smoke Gas
Analysis by Fourier Transform Infrared Spectroscopy or SAFIR, a European Union-funded project!18][19]
which focused on the testing and validation of an extractive FTIR method when used in a variety of situations.
The results of the SAFIR project formed the basis of the first edition of this document (ISO 19702:2006). The
second edition of this document (ISO 19702:2015) was based on subsequent updates e.g. References [8],
[15], [21], [25] and [27].

Any chemical analysis is selective in terms of chemical species determined and the accuracy and precision
of quantitative measurements. Some chemical analytical methods can be appropriate for accurate
determination of some species but less appropriate for other species. Thus, despite the ability of FTIR
spectroscopic analysis to measure a wide range of chemical species of interest in the field of life threat
from fire, additional methods can also be necessary to determine all the species of interest for a particular
application. However, the use of FTIR analysis alone can provide data of sufficient quality to identify and
calculate the concentrations of many of the chemical species that are important in toxic hazard assessment.
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Sampling and analysis of toxic gases and vapours in
fire effluents using Fourier Transform Infrared (FTIR)
spectroscopy

1 Scope

This document specifies requirements and makes recommendations for sampling systems for use in small-
scale and large-scale fire tests, for the selection of parameters and use of the FTIR instrument, and for the
collection and use of calibration spectra.

The primary purpose of the methods outlined in this document is to measure the concentrations of chemical
species in fire effluents which can be used to:

a) provide data for use in combustion toxicity assessment without requiring biological studies;
b) allow the calculation of yield data in fire characterization studies;

c¢) provide data for use in mathematical modelling of hazard to life from the fire effluent by characterizing
the effluent composition generated by physical fire models;

d) characterize the effluent composition of small-scale physical models and larger-scale fires for
comparative purposes;

e) assistin the validation of numerical fire models;

f) setthe conditions for exposure in biological studies if required;
g) monitor biological studies where used; and

h) assistin the interpretation of biological studies where used.

This document specifies principles of sampling and methods for the individual analysis, in fire effluents,
of airborne volume fractions of carbon monoxide (CO), carbon dioxide (CO,), hydrogen cyanide (HCN),
hydrogen chloride (HCI), hydrogen bromide (HBr), nitric oxide (NO), nitrogen dioxide (NO,) and acrolein
(CH,CHCHO).

NOTE Depending on the optical path length, there can potentially be some saturation of certain spectral lines at
high concentration, leading to incorrect volume fractions.

In most common cases, a wide concentration range can be measured by an FTIR instrument. Typically, it
is in the range of a few pl/I to thousands of pl/1 for HCI, HBr, HF, SO,, NO,, and HCN, and up to a few per
cent for CO, CO, and H,0. These mentioned species are only indicative, and many other species could be
added.[27] Although not specifically defined in this document, as they were not specifically studied in the
SAFIR project,[18] the method presented is also suitable for analysis of other gaseous species, including e.g.
hydrogen fluoride (HF) and sulfur dioxide (SO,) with appropriate sampling methods.

Calibration methods are provided in this document. Guidance is also given on the recommended cleaning,
servicing and operating checks and procedures to be carried out on the FTIR instrument and the sampling
systems which are considered essential for maintaining the instrument in a suitable condition for use in fire
effluent analysis.

Sampling is considered to be an integral part of the whole FTIR measurement methodology and
recommendations are made for the design, maintenance and operation of suitable systems.
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This document provides general recommendations for the sampling and analysis of fire effluents based on
best practice as determined from a wide variety of small-scale and large-scale standard and ad hoc fire
test studies. This document is not necessarily applicable for use in specific published fire test methods
where FTIR is specified as a requirement for effluent sampling and analysis in that particular test. In these
cases, the specific requirements for the sampling and analysis by FTIR within the published standard test
procedures are followed. However, if such specific requirements have not been published, this edition of this
document can be used as a basis for acceptable results.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 12828-1, Validation method for fire gas analysis — Part 1: Limits of detection and quantification
ISO 13344, Estimation of the lethal toxic potency of fire effluents

[SO 13571, Life-threatening components of fire — Guidelines for the estimation of time to compromised tenability
in fires

ISO 13943, Fire safety — Vocabulary
[SO 19701, Methods for sampling and analysis of fire effluents

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

apodisation

mathematical process to correct deviations from the theoretical interferogram obtained in Fourier
Transform Infrared (FTIR) spectroscopy

Note 1 to entry: This process widens absorption bands and therefore lowers the resolution.

3.2

interferogram

pattern of variable radiation intensity resulting from the interaction of (usually) two beams of
monochromatic electromagnetic radiation of the same wavelength when the beams have travelled over a
different path length before combining

3.3

resolution

capacity of a spectrophotometer to distinguish between two adjacent frequencies (or wavenumbers),
mathematically defined as that separation which produces two bands which are separated by at least half
the intensity of one of them

Note 1 to entry: In infrared spectroscopy, two consecutive bands often have a different intensity. Resolution is
generally expressed as the width at half height of a single absorption band recognized as “isolated and thin".

Note 2 to entry: This is commonly expressed in units of cm~1 and is the smallest spacing between absorption peaks
that can be resolved.
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3.4

spectrophotometer

instrument used to disperse electromagnetic radiant energy into a spectrum and measure certain
properties such as wavelength, energy or index of refraction, for example, as the basis for the qualitative
and quantitative determination of chemical species which interact with the radiant energy in selective ways
dependent on the species

3.5

trueness of wavenumber

ability of a given spectrophotometer to provide an accurate radiant flux at a specific wavelength or
wavenumber

3.6

wavenumber

v

inverse of the wavelength, A, of electromagnetic radiation

1
Note 1 to entry: v zz

where v is expressed in reciprocal centimetres (cm=1) and A is normally expressed in pm. This entails a conversion
factor of 10 000 in the calculation of wavenumber from wavelength.

3.7

zero filling

correction technique applied to sparse data to enable intermediate data points to be generated by a
mathematical regression

4 Principles

A system for measuring concentrations of gases and vapours in fire effluent by the extractive FTIR technique
consists of a sampling system, a “flow-through” optical cell, an infrared light source, an interferometer
and an optical detector. Software is required to extract species identification and concentrations from the
collected signals.

The sampling system is designed to deliver a gas flow to the FTIR optical cell that is as true a representation
as possible of the effluent in a known region from which the sample is extracted. Inaccuracies, caused for
example, by condensation or adsorption losses in the sampling tubing need to be understood, quantified and
applied to the final results.

A detailed description of the principles of infrared spectroscopy and FTIR is provided in many texts including
References [12], [16] and [28]. Annex A gives the general outline of this principle.

The mathematics by which an FTIR spectrophotometer generates species concentrations is typically
proprietary and varies among manufacturers and models. Obtaining accurate concentrations requires
calibration, examination of the spectroscopic peak shapes and separations, and perhaps verification of some
concentrations using a second analytical technique.

5 Sampling

5.1 General

The requirements for the sampling systems given in this document are in most cases generally applicable
both for large-scale and small-scale testing, but details of sampling requirements for specific tests are not
included. This detail is to be provided with the International Standards which describe these specific tests.
Parts of the sampling system to be designed for a specific test apparatus or sampling location within that
apparatus include the sampling probe and the filter, the length and maintained temperature of the sampling
line and the sample flow. These sampling parameters are normally specified to match the volume and
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geometry of the optical cell in the FTIR spectrometer.1811191(25][27] Examples of sampling systems are given
in Annex B.

The sampling probe is designed to extract fully representative samples from the test apparatus and/or the
fire effluent stream and be constructed from material(s) which will be inert to the effluents being measured.
Guidance for probe design is provided in 5.4.

The filter in the sampling train shall capture particles to avoid deposits on mirrors in the FTIR cell. Guidance
for the selection of filters is provided in 5.3.

The design of the sampling line and the flow characteristics affect the time of the concentration
measurements. Guidance for sampling line design and sampling flow selection are provided in 5.5 to 5.7.

The cell volume and geometry set restrictions on the sample flow used and thus on the time resolution of
the measurements and uniformity of the gas in the optical cell. Guidance for cell selection is provided in 5.8.

For safety reasons, the extracted and analysed gases are to be returned to the exhaust duct of the fire test
fixture or otherwise disposed of in a safe way that does not endanger personnel and to a location that does
not disturb measurements. With a standard test which has a requirement or option to use FTIR gas analysis,
it is anticipated that this test will provide specific requirements for the safe disposal of the effluent stream
after measurement (e.g. whether the effluents will be recirculated or safely discharged elsewhere).

The requirement for each part of the sampling system is described separately in the following subclauses.
Annex M gives examples of proprietary FTIR equipment and sampling systems that have been proved to be
suitable for fire effluent analysis.

NOTE Sampling in large-scale tests such as in the ISO 9705 series and in large open calorimeters (ISO 24473) is
described in Reference [3].

5.2 Temperature of the sampling system

5.2.1 The sampling system shall be heated to a temperature which shall be set between 150 °C and the
temperature of the gas cell (recommended maximum 190 °C).

5.2.2 The temperature of the entire sampling system shall be kept at an even temperature and not be
higher than the gas cell temperature to avoid condensation in the cell.

NOTE1 Itis important that the gas in the sampling system is heated to a temperature as close as possible to the
set-temperature of the sampling system. A procedure for checking the gas temperature in the optical cell is given in
Clause F.1.

The temperature of the system should optimally be even, but the most important condition is that the
temperature of the gas cell is the highest in the sampling system.

The temperature shall be high enough to prevent condensation and losses due to the dissolving of soluble
fire gases from the sample. The whole sampling system shall be kept at a minimum temperature of 150 °C,
although the recommended temperature is 180 °C.[18][19]

NOTE 2  The temperature is not permitted to exceed 200 °C at any point between sampling point and gas cell, as
chemical reactions between components of the sampled fire effluents could lead to a modification of gas composition
above this temperature. Nitrogen oxides are particularly sensitive to this parameter.

5.3 Filter systems

5.3.1 A gas cell with internal mirrors shall be protected from soot/particle deposition from the sampled
effluent, with a particulate filter.

5.3.2 The filter is commonly placed directly after the sampling probe and prior to the heated sampling line.

5.3.3 The filter shall be uniformly heated in a housing to prevent condensation of liquids
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NOTE1 Correct placement of filters in the sample train is important, since incorrect filter placement can result
in significant sample losses (e.g. through gas adsorption on particles) which leads to distorted concentration/time
profiles of the measured species.

NOTE 2  For certain designs of filter and housing, placing the filter directly between the probe and the sample line
can in some cases cause problems in the early stages of a compartment fire test. The filter medium, even though heated
externally, can be cooled internally by the cool sample gas stream. A significant temperature differential can then
develop between the internal filter medium and the heated filter housing. This creates conditions favourable for the
condensation of water, water-soluble acid gases and high boiling point vapours within the filter medium. The trapped
gases can be released as the filter medium temperature increases, further distorting the concentration histories. To
avoid this, a sufficiently long sample line, with the appropriate number of heated segments, can be used to preheat the
sample gases to the intended sample line temperature prior to contact with the filter medium.

5.3.4 The filter shall be heated to a temperature which shall be set between 150 °C and the temperature of
the spectrometer gas cell.

NOTE The recommended maximum temperature of the spectrometer gas cell is 190 °C.

5.3.5 The type of filter recommended is a cylindrical filter as opposed to a plane filter.

NOTE A cylindrical filter has a large area which gives a high filtration capacity, and this is especially important
for the primary or pre-filter. Cylindrical ceramic filters with a length of 75 mm, a diameter of 31 mm and a porosity of
2 um have been successfully used in various types of fire test.[131[141[18] Alternative materials for cylindrical filters are
polytetrafluoroethylene (PTFE), glass fibre and stainless steel.

Glass wool, ceramic and stainless steel filters could induce losses of hydrogen fluoride and should be avoided
in the sampling train when hydrogen fluoride is likely to be present in the effluent stream.

The porosity and size of the filter shall be chosen as a compromise between sufficient entrapment of soot and
other particles without premature clogging of the filter, using the recommendations within this subclause
as a guide.

5.3.6 Plane surface filters may alternatively be used.

NOTE1 Plane surface filters generally have a lower filtration capacity compared to cylindrical filters with more
likelihood of early blockage occurring. These can, however, be used effectively as secondary filters following a
cylindrical pre-filter.

NOTE 2  Where no pre-filter is used, a 1 um porosity, 47 mm to 75 mm diameter filter is the best compromise for
plane surface filters (compared to 0,45 pm and/or 5 um for PTFE), although other porosities and diameters can be
successfully used.[18] Alternatively, a 1 um or 2 pum stainless steel filter has been reported to be successful. Stainless
steel filters can be cleaned and regenerated by calcinations. References [15] and [21] provide details on filters
selection.

5.3.7 Filters shall be analysed for the presence of acid gases if these are to be measured and losses in the
filter can be expected.

NOTE1 Acid gas losses in the filter are due to adsorption onto the soot and or liquid particles in the fire plume or
onto the soot retained by the filter. The adsorption losses are especially important when measuring low concentrations
of acid gases or when sampling over a short time period. Under these conditions, acid gases can initially be removed
from the sampled effluent stream until the adsorption sites in the filter become saturated. After this stage, most of the
acid gas component will be passed on to the sampling line. This results in a spurious release of acid gas from the filter
over time which does not accurately follow the release of the acid gases from the sampled atmosphere. To estimate
these losses, a procedure to analyse the gases retained on the filter is given in Annex C.

NOTE 2  Analysis of losses of hydrogen chloride (HCI) in filters was made in the SAFIR project.[l8] The chemical
analysis of the filters in door opening measurements in the ISO 9705 series test chamber experiments showed that
there were low losses (losses of between 0,4 % and 1,3 % relative to the total sampled amount) of HCI in cylindrical
ceramic filters. A slightly greater retention of HCl was seen for a planar glass fibre filter (losses of between 1,1 %
and 5,8 % relative to the total sampled amount). In both cases the higher relative losses of HCl were found when the
measured concentration of HCl was low.
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The kinetics of absorption onto the filter has not been characterized and it is therefore difficult to establish
a true time/concentration profile of the acidic species in the sampled fire atmosphere. However, when the
total amount of gas produced during the combustion is required, the quantity measured on the filter should
be added to the total amount measured by FTIR (see Annex C). It is stressed that the adsorption on the filter
has an effect on the accuracy of the time-dependent measurement of the gases evolved during combustion.
When a time-dependent measurement is required, information on gases analysed on the filter should be
considered in order to estimate the potential effect on the concentration/time data.

5.3.8 It should be noted that some filter materials can contain chlorine. The chlorine content of a clean
unused filter should be measured to provide a baseline for the determination of the level of adsorbed
chlorine from the fire gases.

5.4 Sampling probes
5.4.1 General

5.4.1.1 Two types of probes can be distinguished: “single-hole” and “multi-hole”. The choice depends on
the physical fire model from which the sample is being extracted in order to obtain a representative mixture
of effluent. Examples of the two types of probes are shown in Figure 1.

Dimensions in millimetres

m o
s o
° 1
o 7
e
e O
Key
1 inner diameter
NOTE An inner diameter of a single-hole probe of 4 mm has been shown to work effectively.[18]

Figure 1 — Schematic of multi-hole and single-hole probes for sampling in an exhaust duct

5.4.1.2 The probe shall be made of material resistant to corrosion and shall not otherwise react
significantly with the gases to be analysed.[18][19]

NOTE1 PTFE or perfluoroalkoxy polymer (PFA) is recommended as the contact material for the effluent stream.

NOTE 2 A probe of PTFE is generally inert and would have a low potential for causing losses. The flexibility of the
material could be a disadvantage in certain applications, for example where precise positioning is necessary. A further
disadvantage is that PTFE is not suitable for higher temperatures, as high temperatures influence the material
properties and at sufficiently high temperatures thermal degradation occurs.

NOTE 3  Quartz and/or stainless steels can be used for some effluents, but these react with hydrogen fluoride (HF).

NOTE 4  Astainless steel probe placed in a position with an initial temperature lower than the sampled effluent can
cause condensation of products including water. This will lead to sample losses. An important example of a gas species
prone to losses is hydrogen chloride (HCI).
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NOTE5 A practical probe can be constructed using stainless steel tubing lined with a narrower-bore PTFE tube or
lined with epoxy resin. The stainless steel tube will facilitate direct ohmic heating (i.e. passing a low voltage electric
current through the metal tube) and the PTFE or epoxy lining will further reduce losses on the probe surfaces.

NOTE 6  PTFE can lose structural strength at temperatures near 190 °C, which can restrict the flow if pressure
drops significantly along the sampling line. In this situation, the upper limit of the heating temperature for the
sampling line needs to be modified, and the flow constriction needs to be re-checked after a test. Data obtained under
severe the flow constriction has to be discarded.

5.4.1.3 The probe shall be cleaned before each test to ensure that the holes do not become partially or
wholly blocked.

5.4.2 Single-hole probes

5.4.2.1 Where the effluent stream is likely to be well-mixed/homogenous, a single-hole probe is
appropriate.

5.4.2.2 In the case of a flow-through type of physical fire model (e.g. a tube furnacelZ]), the extraction
probe takes a proportion of the total homogenous flow from the apparatus and directs it to the FTIR
spectrometer. A single-hole probe is therefore appropriate for such applications.

5.4.2.3 The internal diameter of the extraction probe shall not be less than 3 mm.

NOTE A single-hole probe is used in many standardized test procedures where the effluent stream is assumed
well-mixed and homogenous e.g. Reference [9]. However, due to stratification effects in fire chambers and in extract
ducts where laminar flow is present, (i.e. leading to poor mixing) the gas concentration can fail to be uniform over
the chamber or duct volume and the measured gas concentration is thus dependent on the position of the single-hole
probe. In these situations, the use of a multi-hole probe is appropriate where the non-uniform gases can be sampled
over a more representative area.

5.4.3 Multi-hole probes

5.4.3.1 When stratification is present in the effluents from the fire, a multi-hole probe is preferred to
obtain a representative sample from across the stratified layer.

5.4.3.2 A minimum hole diameter of 3 mm is recommended for multi-hole probes for most applications.

5.4.3.3 The holes in a multi-hole probe shall be directed downstream in the effluent stream to avoid direct
impingement of soot particles and thus reducing the possibility of blocking of the holes.

5.4.4 Probe positioning

5.4.4.1 In order to avoid perturbation in the effluent, the rate of volumetric sampling shall be a small
fraction (<25 %) of the total flow rate in flow-through apparatus or the total volume in a fixed volume
apparatus.

5.4.4.2 A single-hole probe shall be positioned where the flow of effluent is not turbulent (but where the
effluents are well-mixed). Positioning of the probe shall be considered for each physical fire model, taking
into account the effect of stratification and/or the velocity profile in flow tubes in addition to the end use of
the data, which in some cases can require sampling from the effluent stream close to and/or at a distance
from the effluent source.

5.4.4.3 With a multi-hole probe, a gradation of hole sizes along the length of the probe and placement of
the probe such that it crosses the fire gases monitored can be used in large scale fire tests. A simpler but less
precise method is to place a single-port probe in a well-mixed location in the relatively well-mixed upper
layers of the effluent. For detailed information of sampling in large-scale tests, see Reference [3].
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NOTE1 Measurement of the volumetric exit flow is necessary whatever probe type is used in order to convert
measured concentrations to total flow of gas species from a test enclosure. The exit flow can be measured using
traditional velocity probes such as pitot tubes, McCaffrey probes[23] or more advanced optical methods, e.g. particle
image velocimetry. An alternative method is to calculate the exit flow based on the pressure difference between the
test enclosure and outside and the height of the neutral plane (i.e. a virtual horizontal plane separating the outgoing
effluent from the clean incoming air) in the stratified case. An example of this method is given in Reference [22] and
more details can be found in Reference [20].

NOTE 2  The exit flow in enclosure fire tests varies during a test. The rate of the exit flow grows with increasing fire
intensity and the position of the neutral plane can stabilize during the “steady-state” period where the fire growth is
relatively stable (e.g. due to ventilation control of burning rate rather than fuel involvement control of burning rate).

NOTE 3 It is often not possible to directly measure the exit flow using velocity probes as the pressure difference
over the opening is relatively small and the often turbulent outflows in the opening have velocity components in
directions other than the normal direction to the exit plane.

5.5 Sampling line
5.5.1 The sampling line shall be non-reactive with the gases to be analysed.

5.5.2 Areadily replaceable sampling line is preferred.

NOTE 1 Various materials, such as PTFE, PFA and PTFE-lined stainless steel, have been found suitable for
sampling lines.

NOTE 2 A heated gas sampling line with a fluorocarbon such as PTFE or PFA offers the best resistance to acid
gases. An inner diameter of 3 mm to 4 mm is suitable. The length is preferred to be as short as possible and yet long
enough to preheat the sample gas to the cell temperature. Sample line lengths between 4 m and 20 m have been used
successfully[3][25] although sampling problems due to the adsorption of gases, particularly acid gases, onto the walls of
the sampling line, together with soot build up is more likely with a longer sampling line. Another disadvantage with a
long sampling line is the back-pressure that increases with the length.

NOTE 3  Saturation behaviour for adsorbed species within the sample line is also possible as described for the
filtration systems. This implies that a sampling line which has been pre-aged with acid gases will adsorb less acid gases
during sampling than a pristine line. However, this behaviour has not been characterized and thus a recommended
method of ageing the line is not available.

NOTE4  Multiple heating circuits are recommended for fire effluent sampling where the temperature of the
sampled gases changes as a fire develops. Separate heating circuits are needed for each section of a heated sample
line to maintain the desired temperature profile along the entire length. The controlling thermocouple/s need to be
positioned in the centre of each thermostatted section. If only one heating circuit is used, the upstream end of the line
will be significantly colder than the mid-section when sampling cool air in the early stage of fire development. As the
fire develops, the hot point of the heated sample line moves downstream. For a multi-thermostatted heating line, the
amount of heat applied to each circuit per metre of sample line is dependent on the temperature of the gases being
sampled. The thermostatted section of the heated sampling line furthest upstream line (i.e. close to the sampling
probe where fitted) needs to be no longer than 1 m, as significant acid gas losses can occur over even a very short
section of poorly heated sample line.

5.5.3 The blockage of the sampling line will result in increased backpressure, and in this case the sampling
line shall be cleaned at the end of the test. The validity of using the test results shall be reviewed.

NOTE1 The need for cleaning the sampling line is based on two performance criteria: 1) the flow performance of
the line, i.e. the observation of increased back-pressure from the line and consequent reduction in flow rate; and 2) the
contamination level of the line which is monitored by background measurement of the measurement system.

NOTE 2  The following procedures have been found effective for cleaning sampling lines:

a) Connecta pressurized (1 000 kPa) nitrogen or air supply to the end of the sampling line and “back-flush” (i.e. with
the flow in the reverse direction to the normal sampling direction) to remove collected particulate matter. Due
attention needs to be given to the safety issues surrounding the use of high pressure gas lines. It has been found
that a small crumpled spherical pellet of paper (“spitball”), with an outside diameter smaller than the sample line,
inserted into the tube can assist this process by scraping the walls of the tube as the paper passes along it. This
method is also effective in clearing completely blocked lines.[23]
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b) If the spitball method is not effective, back-flush the line for a first time with deionized water if the line is very
blocked. A large Luer-tipped syringe with an appropriate adapter can be used.

Alternatively: 1) let the line stand with the water inside for at least 1 min; 2) then purge it with fresh water; 3) wash
the line for a second time with a solution of 50 % ethanol in water; 4) wash the line a third time with a solution of 50 %
acetone in water; and 5) dry the line with a flow nitrogen or air.

5.5.4 The sampling line shall be heated to a temperature which shall be set between 150 °C and the
temperature of the gas cell (recommended maximum 190 °C).

NOTE1  Multiple thermostatted heated line segments controlled by the same number of temperature controllers
can be necessary for keeping each section of the sample line within the recommended temperature range.[23]

NOTE 2  The temperature profile along the sampling train can be measured as follows:
a) Insertathermocouple at the open end of the sample line to allow it to reach the entire length of the line.
b) Startthe sampling pump at the specified flow rate and wait until the system stabilizes.

c¢) Note the temperature through the length of the sample line and adjust the temperature set point of each
temperature controller as required.

NOTE 3  Various methods have been found suitable for heating, including direct ohmic heating (i.e. with stainless
steel tubing, passing a current directly through the tube at low voltage), proprietary heating tape and heating tracer
wire. These heating lines will have an external layer of thermal insulation (e.g. glass wool and glass fibre tapes, flexible
ceramic cloth tubing and/ or ceramic cloth lined silicon-coated tubing). Custom heating line options are available
commercially that are PTFE-lined, flexible, insulated, with a weatherproof, thermally robust covering. The whole
system can be controlled by commercially available temperature controllers.

NOTE4 PTFE can lose structural strength at temperatures near 190 °C, which can restrict the flow if pressure
drops significantly along the sampling line. In this situation, the upper limit of the heating temperature for the
sampling line needs to be modified, and the flow constriction needs to be re-checked after a test. Data obtained under
severe flow constriction has to be discarded.

5.6 Pump selection, position, and flow rate

5.6.1 The sampling pump can be of “pushing” or “pulling” type.

A pump can either push or pull the gas sample through the FTIR gas cell. Examples of the two main
approaches to sampling system design (i.e. pump “pushing” or pump “pulling”) are presented in Annex B.
Pushing enables the use of an analyser bypass loop with a bypass regulator, which ensures a constant
cell pressure resulting in more accurate concentration measurements and a constant flow rate through
the sample cell throughout the life of the filter, resulting in more accurate gas concentration histories.
Alternatively, if the gases are pulled through the FTIR gas cell, the gas cell pressure will drop during the life
of the filter if the pump flow rate is maintained. This can be a major source of error, particularly for gases
with nonlinear calibrations. In both cases leakage is possible particularly between a clogging filter and the
pump, so pressure tests should be performed after each filter change.

A motor-driven high temperature bellows-type pump should be selected for pushing sampled air to the gas
cell. These pumps will not contaminate the sample and the pump “head” can be placed in a thermostatted
chamber with the driving motor positioned external to the thermostatted chamber.

5.6.2 The pump flow rate shall be selected based on the specific measurement system and the test
requirements.

NOTE1 The volumetric flow of the sample gas through the FTIR is selected after consideration of a variety of
parameters, including: the volume of the cell, the degree of turbulence within the cell, the temperature of the sample
gas, the rate at which the concentrations of the species changes during the experiment, the efficiency of the soot
filtration system and the length and volume of the sampling line.

NOTE 2  The diameter of the sampling line is chosen based on the parameters mentioned in this subclause to avoid
significant pressure drops in long lines and to reduce blockages.
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5.6.3 The flow rate of the extracted effluent shall not perturb the studied test or experiment and shall be
low enough not to affect the gas concentration in the test apparatus. The procedure in Annex D shall apply
for the determination of the response times.

NOTE With respect to 5.6.3, the flow rate of the combustion gases drawn into the system needs to be high enough

to achieve the desired time of 90 % response, from sampling probe to analyser, termed “ty,". This is a function of the
flow rate and the internal volumes of the filters, tubing and gas cell.

5.7 Response time of the sampling system

5.71 A small volume gas cell is generally desirable for time-resolved combustion and fire gas analysis to
ensure rapid throughput and measurement.

NOTE 4 m long path length cells are available with internal volumes as small as 160 ml on commercial FTIR

instrumentation; 2 m long path length cells are available with internal volumes as small as 90 ml. Even smaller volume
custom cells can be obtained while maintaining long path lengths.

5.7.2 The response time for the sampling system shall be determined.
The protocol summarized in Annex D shall be followed for the empirical determination of the response time.

NOTE 2  Different equipment in different laboratories makes it impractical to specify a single experimental set-up
for ensuring acceptable response time for FTIR measurements.

NOTE 3  Factors influencing the response time are: 1) the length and internal diameter of the heated sampling

line; 2) the internal volume of the measuring cell and filtering element(s); 3) the geometry of the cell and filtering
element(s); 4) the sample flow rate; and 5) the presence of any cold spots in the sample train.

5.8 Optical cell

5.8.1 The gas cell shall have an internal volume that gives an acceptable response time.

NOTE See Annex E for considerations for optical cell performance.

5.8.2 The gas cell shall have an optical path length that allows acceptable detection limits.

NOTE See Annex E for the influence on detection limits from the optical path length.

5.8.3 The window of the gas cell shall be transparent to the range of infrared radiation and the gas cell
shall be made of inert material that is resistant to the fire gases measured.

NOTE1 Nickel or synthetic silica is often used as the internal coating of a cell body made of aluminium. However,
it has been shown that nickel-coated aluminium can fail rapidly unless it is ensured that the coating is of sufficient
thickness. Caution and frequent checking have to be taken using this type of equipment.

NOTE 2  Potassium bromide (KBr) cell windows are not appropriate for fire gas analysis as they are sensitive
to moisture. Zinc selenide (ZnSe) has a high thermal resistance and is transparent over a usable spectral range of
650 cm™! to 4 500 cm™! and is resistant to water. ZnSe cell windows are available with additional coatings to make
these windows even more resistant to water.

5.8.4 The gas cell shall be heated to a minimum of 150 °C.

NOTE A recommended maximum cell temperature is 190 °C as fittings and gaskets can be degraded over time at
higher temperatures.

5.8.5 Thetemperature and pressure in the gas cell shall be recorded throughout the fire testand corrections
made for any changes that take place during the fire test. The requirements in Annex F shall apply.
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5.8.6 It is essential that calibrations are made at cell temperatures, pressures and flow rates as close as
possible to those used for measurements in the fire tests. The requirements in Annex F shall apply.

NOTE1 Some FTIR software programs allow the logging of the cell temperature and pressure with each acquired
spectrum and correct the concentrations for pressure and temperature.

[t is important that both the cell pressure and temperature are kept constant (see Annex F) as these affect
the intensity and shape of the spectra. If the temperature or pressure in the gas cell during measurements in
a fire test cannot be maintained at the same value as those used when collecting calibration spectra, then a
correction should be made for this difference when calculating species concentrations. This correction can
be made using the universal gas laws. However, the correction is valid only for limited variation in pressure
and temperature. This correction is not always effective due to nonlinear changes in the shape of spectra
with pressure and temperature; see Reference [17].

5.8.7 The gas cell shall be well maintained to keep its optical performance.

NOTE Procedures for maintaining the gas cell are given in Annex F.

6 The FTIR spectrophotometer

6.1 Spectrophotometer environment

The spectrometer shall be located in a suitable environment to ensure correct and stable operation. The
location shall be free from vibration, extremes of ambient temperature and humidity. Access to all parts
should be unobstructed.

NOTE General information on an acceptable FTIR spectrometer location and installation can be found in
Reference [10].

6.2 Detector
The choice of the detector depends on the requirements of sensitivity, response time and limit of detection.
NOTE Mercury cadmium telluride (MCT) detectors are faster and can provide a sensitivity of up to 10 times that

of a Deuterated tri-glycine sulfate (DTGS) detector. However, MCT detectors are more nonlinear than DTGS detectors.
See Annex G for details.

6.3 IR-source

Two types of sources are frequently used, the “Nernst” source or the “Globar” source. Both types can be used
for the purpose of this document.

6.4 Mirror alignment and cleanliness

In order to maximize the sensitivity of the spectrophotometer-cell combination the mirrors shall be properly
aligned and the internal mirrors and optical window at the entrance of the IR beam should be kept clean and
in good condition.

NOTE Auto-alignment systems that optimize the gain through the optics are often provided by the manufacturer.

6.5 Spectrophotometer compartment

The intensity of the IR beam generated by the interferometer is subject to attenuation by the atmospheric
carbon dioxide (CO,) and water vapour in the surrounding environment which could change during use. To
limit this effect, instruments may be purged with nitrogen.

NOTE Afilter can be added to remove remaining trace concentrations of water and CO, in the nitrogen purge gas.
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6.6 Spectral range limits

The spectral range used determines which species can be identified and quantified. A wavenumber range of
650 cm™1 to 4 500 cm~! is recommended.

NOTE1 In practice, the range is limited by transparency properties in the infrared beam splitter and gas cell
window, and also by the detector sensitivity. The use of ZnSe windows to the gas cell gives a useful wavenumber range
of 650 cm™1 to 4 500 cm™L.

NOTE 2 For quantitative analysis, calibration spectra are collected using the same spectral range as for
experimental spectra. For details of calibration techniques, see Clause 7, Annex I and Annex J.

6.7 Resolution

A resolution of 0,5 cm™ or finer is recommended for minimization of interferences in fire gas analysis,
although a coarser resolution (> 0,5 cm™) is allowed as long as spectral interference from overlapping
compounds is identified and corrected by the software.

It is the responsibility of the operator to ensure that the resolution of the FTIR instrument is adequate for the
analysis undertaken. This shall be confirmed by the use of a separate quantitative analytical measurement
of the effluent, in accordance with ISO 19701.

The resolution, sample gas temperature, cell temperature, cell pressure and apodisation function should be
the same for calibration spectra and experimental spectra.

NOTE See Annex G for details regarding resolution.

7 Calibration
7.1 Background noise

7.1.1 Excessive background noise could be produced from a number of sources such as the IR source, the
detector or a poor optical path alignment. It can also be caused by electronic sources in the FTIR instrument
circuitry. It is also a function of resolution, apodisation function, and use of zero filling as well as the speed
of the moving mirror.

7.1.2 The background noise shall be determined in various positions in the spectrum to be used.

NOTE A procedure for the determination of background noise is given in Annex G.
7.2 Limits of detection and of quantification (L and L)

7.2.1 The cell path length and signal-to-noise ratio of the output from the FTIR instrument determine the
limit of detection, Ly, and the limit of quantification, LQ, of the method.

7.2.2 Lpand LQ shall be determined for the FTIR instrument.

NOTE1 ISO 12828-1 describes different methods for estimating these limits. The method adapted for this document
is the determination from a data matrix of blank samples, fully described in ISO 12828-1:2011, 6.2.

NOTE2  Apractical procedure for the determination Ly and L, is given in Annex G.
7.3 Calibration methods

7.3.1 The FTIR instrument shall be calibrated with a specific traceable method for each gas species that is
measured and reported as described in Clause 9.

NOTE Information on appropriate calibration methods are given in Annex |.
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7.3.2 The calibration is specific to a particular gas cell at a given temperature, path length and pressure.
The calibration is also specific to the resolution, apodisation, phase correction and gain of the specific
spectrometer. If any of these parameters change, a new calibration shall be carried out.

7.4 Acquiring and collecting calibration standards

7.4.1 Gas mixtures of known and traceable concentrations shall be used as reference gases for calibration.

NOTE Information on methods to produce and use calibration gases are given in Annex I.

7.4.2 Calibration spectra shall be collected using the same FTIR arrangement as used for fire gas analysis.

NOTE Information on recording reference spectra for calibration and building the calibration set are given in
Annex K.

8 Measurement procedure

8.1 General

Itis important for the limits of detection and quantification to be appropriate to the species being measured.
Each species required for the measurement, as specified in ISO 13344, ISO 13571 or a specific test procedure,
shall be within the limits of quantification and detection at concentrations of toxicological significance.

Care shall be taken in selecting the number of spectra to average: it is preferable to maximize the number of
scans for calibration spectra to achieve the most accuracy as possible. Rapidly changing sample spectra need
to be treated differently: errors can be encountered for nonlinear detectors when the test gas concentrations
change significantly during the multiple scans needed to obtain an average test sample spectrum. For
changing fire gas concentrations, the shape of the expected test gas history curve and the linearity of each
gas in the spectral region of analysis should be considered when selecting the number of spectra to average.

NOTE To ensure optimal detection limits, the optical bench of the FTIR instrument needs to be nitrogen purged. A
long purge can be required to minimize water vapour interferences. It can need to be initiated a day or two in advance.

Conformance with this document implies that:

— the sampling procedure used is in accordance with current internationally accepted “best practice” for
the applications described;

— the analytical procedure is carried out with due regard to the restraints imposed by the nature of the
fire effluent atmosphere and the limitations of the FTIR methodology itself.

8.2 Daily setup, checks and controls

8.2.1 General

All of the following operations shall be performed at the beginning of each day of operating. The instrument
shall be set up and used under the same conditions as those for calibration measurements, in terms of
resolution, iris aperture, gain, mirror scan speed apodization and phase correction.

Before being used to analyse fire effluents, the sampling system and gas sampling cell shall be heated to their
chosen working temperatures. If an MCT detector is used, this shall be cooled to the required temperature.
Ample time should be allowed for temperature equilibration of the whole sampling system.

8.2.2 Control of calibration method

The calibration of an FTIR spectrophotometer normally remains stable provided no major changes are
made to the instrument and associated equipment. Nevertheless, parameters such as shocks or unexpected
variations with the interferometer, or ageing effects, could lead to a deviation from the calibration peak height
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and wavenumber trueness. Wavenumber shifts can cause significant errors, particularly for high resolution
0,5 cm! spectra with narrow peaks. One source of interferometer errors is aging or malfunctioning of
interferometer electronic boards.

“Control calibration” shall be performed with a control gas. The reference concentrations of the control
gases shall have a precision of at least 1 %. When measured with the FTIR instrument, the deviation from
the nominal concentration shall not exceed 5 %. If these values are not possible to obtain, the verification
procedures stated in Annex F shall be performed.

The control gas shall be standard certificated gases in pressurized cylinders. Ideally, the control gas is a
mixture of gases which are stable over time and absorb IR radiation over a spread of wavenumbers which
are exclusive to each gas. A mixture of CO, CO,, C,H, and CH, has been found suitable for daily calibration
control. The same concentration of each gas in the control gas mix should be used if daily comparisons are
to be made.

8.2.3 Spectrophotometer sensitivity measurements

With no sample in the gas cell, the signal attenuation and the beam aperture needed to produce a normal
signal from the FTIR detector shall be noted. These parameters shall then be compared to the initial values
obtained after the qualification procedures of Annex H have been carried out (i.e. the “nominal values”).

If the signal attenuation obtained is under 50 % of the nominal value, proceed to the cleaning of mirrors as
described in Annex F. If this operation does not lead to a strong reduction of attenuation, check the windows
and change them if needed. If all these operations are insufficient to decrease the attenuation, there can
potentially be a further technical problem with the interferometer.

NOTE Dedicated software can be provided from the manufacturer of the FTIR allowing a check of the spectrometer
sensitivity.

8.2.4 Sampling system tests
The sampling system shall be tested for leaks.

NOTE1 Leaks developing in the sampling train can allow dilution of the sample or losses of sample depending on
whether the pump is “pulling” or “pushing” the sample. This will affect the calibration parameters of the FTIR.

NOTE 2 To check the sampling system for leaks with a sample pump of “pulling” type, block the opening/s of
the sampling probe or the end of the sampling line with no probe fitted, with the sample pump operating, until the
pressure indicator reaches 100 Torr (13,33 kPa). If this value cannot be achieved or held when the pump is switched
off, there are leaks in the sampling system and all parts have to be checked and where necessary repaired. Leaks can
also be checked by installing shutoff valves at key positions on the sampling train (e.g. upstream and downstream of
the filters and the pump), along with a pressure/vacuum gauge and a 3-way valve to introduce nitrogen. Pressurize to
10 psi (68,95 kPa) and check if the system holds pressure (see Reference [25] and Figure B.2).

8.2.5 Control of the sampling flow rate

The method for controlling the sampling flow rate is dependent on whether the sampling system is of
“pulling” or “pushing” type.

NOTE1 A calibrated rotameter (float-type flowmeter) can be used in both cases. A reference flowmeter (a mass
flowmeter, a bubble flowmeter or a dry meter) can be used to calibrate the rotameter.

For a sampling system of the “pulling type”, i.e. when the pump is placed after the sample cell, the flowmeter
should be positioned at the sampling point of the system.

NOTE 2 The open-path rotameter is positioned at the sampling point, i.e. before the primary filter and the sampling
line in order for the flow measurement not to be biased by back-pressure effects. The other side of the flowmeter
needs to experience atmospheric pressure (see Clause B.1). The flow is controlled downstream at the vacuum pump.
The flow needs to be measured before and after each test. The disadvantage of a "pulling" type sampling system is
that the cell vacuum will increase as the soot builds up in the filters if not regulated. This can pose major errors,
particularly for quantification of gases in nonlinear calibration ranges.
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For a sampling system of the “pushing type”, i.e. when the pump is placed before the sample cell, a needle
valve shall be positioned upstream of the sample cell to control the flow to the cell. The open rotameter
(no needle valve) shall be positioned downstream of the sample cell, resulting in no cell back-pressure (see
Clause B.2 and Figure B.2).

NOTE3  When using a bypass pressure regulator to bypass flow to the sample cell, position a needle valve upstream
of the sample cell to control the flow to the cell (see Reference [25], Clause B.2, and Figure B.3). Use an open path
(i.e. open to atmosphere) rotameter downstream of the sample cell, which will produce no cell back-pressure. The
back-pressure regulator ensures that the pressure at the needle valve is constant, resulting in a constant flow rate
through the cell as soot builds up in the sample filters. A constant flow through the sample cell provides more accurate
time histories.

A rotameter placed at the downstream end of the sample cell is a convenient visual way to monitor the flow
during tests. The rotameter is generally calibrated for 1 atm (101 325 Pa) and the pressure at the sample cell
output should be very close to atmospheric pressure. The needle valve should be upstream of the sample cell
to control flow to the cell, without affecting the cell pressure.

8.3 Preparation for sampling and analysis

8.3.1 Select a filter material which is chemically inert to the expected effluents and of suitable porosity.

If the test specimen is thought, or known, to contain fluorine, use PTFE or ceramic filters.

8.3.2 The filter should be changed after at least every three tests and every time the fuel types in the test
are changed. The filter shall also be changed if the pressure in the gas cell cannot be maintained due to back
pressure in the sampling system.

A new or clean filter should be used when determining acid gases as specified in 5.3 and in Annex C.
8.4 Initial procedures immediately before a test

8.4.1 Collect a background spectrum before starting the sample flow from the fire effluent. It is
recommended to collect a minimum of 30 scans for the background spectrum. The background spectrum
should be made with a non-IR absorbing gas such as moisture-free nitrogen. The background spectrum
should not be collected until the water absorbance is minimized.

NOTE1 The optical bench can be purged with a non-IR absorbing gas, such as moisture-free nitrogen for a sufficient
duration to minimize water and CO, absorbance.

The background spectrum shall be collected using the same spectral resolution as to be used during the
subsequent measurements in the test.

8.4.2 Startacquiring spectra and record the timing of scans.

NOTE The number of scans per spectra is a determining factor for the time resolution of the measurement and for
the noise level.

8.5 Procedures during sampling from a test
8.5.1 Note the start time of the test relative to the time of the FTIR spectra collection.

8.5.2 Carefully monitor and record the cell pressure and cell temperature throughout the test.
The temperature and pressure shall ideally not vary during the test period.

NOTE1 Most FTIR instruments are equipped to monitor the cell pressure and cell temperature and have software
to record these readings for every spectrum stored.
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NOTE 2 The acceptable cell pressure variation depends on the degree of nonlinearity of the calibration. Small
variations on cell pressure during a test can be corrected using the universal gas laws. See Annex F for requirements.

8.6 Procedures after a test

8.6.1 When the test has ended, stop spectra collection and purge the whole sampling train with clean air
or nitrogen for at least 5 min.

NOTE1 Purging with dry air or nitrogen has the advantage of more quickly removing corrosive acid gases from the
sampling system.

8.6.2 Checkall filters and change or clean them if needed before the next test.

8.7 Datareduction

Data reduction is often performed automatically by the software supplied with the FTIR instrument. The
process results in a collection of spectra which are then presented as plots of individual species versus
time. However, the effluent could contain interfering species that were not included in the calibration mix or
matrix and can therefore be misinterpreted by the data reduction software. The data shall be checked for
interfering species that can produce errors in the results. Procedures for checking data in this respect are

given in Annex J.

9 Testreport

Presentation of results is an important aspect of the procedure for measurement of gases and vapours using
FTIR spectroscopy. The format for presentation will vary depending on the end use of the results but for
comparative purposes (e.g. during reproducibility and repeatability studies) it is important that this format
is identical for every test. Typically, the content would include tabular and graphical representations of
concentration with time with the following as a minimum list of parameters to be included:

— the sample and sampling system design;

— the International Standard used (including its year of publication);

— name of operator;

— date and time of the fire test;

— notes of any sampling problems during the test;

— notes of any data collection problems during the test;

— notes and times of important occurrences in the fire test (e.g. start of test, ignition, extinction etc.);
— notes of any deviations from the procedure and any unusual features observed;

— spectrophotometer parameters: resolution, iris aperture, gain and mirror speed used;

— FTIR gas cell used: reference, path length, temperature, pressure, volume;

— type of detector used;

— calibration method(s) employed;

— number of scans for background;

— number of scans per spectrum;

— time resolution between each spectrum acquired and number of spectra in the collection;

— wavenumber(s) or region(s) used for quantification;
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