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Foreword

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

The analysis of fire gases for use in toxic hazard and life threat assessment and other purposes (e.g.
impact on the environment) is a great challenge for the analyst. Fire atmospheres are by nature hostile
environments. Temperatures in excess of 1 000 °C are common, the gas phase can contain many corrosive,
toxic, irritant or combustible species together with relatively large quantities of condensable water.

These properties are largely incompatible with most instrumental analytical methods where a “clean”
sampleisrequired. This poses many problemsboth for the qualification and quantification of the chemical
species and particulates in fire atmospheres. In presenting a sample to the measuring instrument that it
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must therefore be quantifiable and taken into account in the final analysis.
hiques also exist for measuring chemical species in situ; this will be the subject of a futur

methods described in Clause 5 have been used successfully by a number of\laboratorig
htability and reproducibility of many of the methods covered in this International St
taken from AFNOR NF X70-100-1[1] and AFAP-3.[2]

he sampling

e document.

s. Studies of
hndard have

For nmhethods thatinvolve acommercial instrument, uncertainty in the measured values may e estimated

from
For d
sens
assu

This

q

(lause 1 describes the scope of this standard
(lause 4 describes methods of sampling.

(lause 5 describes analytical methods-for gases in fire atmospheres:

the manufacturer’s data and other information, e.g. allowancefor losses in the sampl
ther methods, uncertainty in the measured values can occurthrough a variety of reas
tivity to the strength of reagents or the visibility of a celourimetric end point. In theg
med that best practice by qualified personnel is applied:

International Standard is structured as follows.

Annex B briefly describes thietse of aspirated chemical colour-change tubes.

Annex C is a summary of-the main instrumental methods available for fire gas analysij
he information provided under the clauses for each individual chemical species.

Annex D presents_a method for continuous measurement of HF concentration using i
lectrode.

ing process.
ons, such as
e cases, it is

Annex A provides information on techniques that were found not suitable with fire effluents.

, expanding

on selective
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INTERNATIONAL STANDARD ISO 19701:2013(E)

Methods for sampling and analysis of fire effluents

SAFETY PRECAUTIONS — Due consideration must be given to the fact that both the fire gases
for analysis and many of the reagents used for their analysis can be toxic and/or present serious
health hazards. It is assumed throughout that the procedures described in this document will
be carried out by suitably qualified professional personnel, adequately trained in the hazards
and risks associated with such analyses and aware of any safety regulations that may be in force.
Consi i i i i 1 chemicals
used for analyses. This can require extensive treatment prior to release of the waste into the
envifonment. Again, it is assumed in this document that the personnel responsible for the safe
disppsal of such reagents are suitably qualified and trained in these techniques/and
the njegulations which may be in force.

1 $cope

This|International Standard presents a range of sampling and chemicahanalytical methodg suitable for
the analysis of individual chemical species in fire atmospheres. The procedures relate to the analysis of
samples extracted from an apparatus or effluent flow from a fire.test rig or physical fire te4t model and
are not concerned with the specific nature of the fire test.

This|International Standard doesn’t cover aerosols (detailed in Reference [3]) and FTIR technique
(detdiled in Reference [4]). The gases of environmental ifiterest, such as PAH, dioxins, furang, endocrinal
distyrbers, will be developed in a future document by:1SO TC92/SC3.
2 Normative references

The following documents, in whole or. injpart, are normatively referenced in this docunjent and are
indigpensable for its application. For /dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced document (including any amendments) applies.

ISO 13943, Fire safety — Vocahulary

3 Terms and definitions

For the purposes ofithis document, the terms and definitions given in ISO 13943 apply.

4 Methedsof sampling

4.1 | General considerations

Sampling is perhaps the most critical part of the procedures for analysis of gases in fire effluents.
Whereas sampling and analysis are commonly in use for many gaseous species in other fields, sampling
from fire atmospheres presents unusual and difficult problems.

The sample presented to the analyser shall be as representative as possible of the test atmosphere,
without having been changed by the sampling system. The sampling procedure should influence the test
atmosphere as little as possible (e.g. by depletion of the test volume). The sampling procedure should be
as uncomplicated as possible, while incorporating all necessary features detailed in this International
Standard. The sampling procedure shall be capable of operating with minimal blockage in the sampling
lines, melting or other disruption of probes, and without allowing condensation of the species for analysis.

© IS0 2013 - All rights reserved 1
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IMPORTANT — It is important to appreciate that the overall accuracy of the analysis of fire
effluent species is significantly dependent on the sampling procedures adopted, in particular
the quantification of losses in probes, sampling lines, and filtering systems.

4.2 Concentration and volume fraction

The concentration of fire effluent or of a toxic gas is its mass divided by the volume in which it is
contained. For a fire effluent the typical units are g.m-3.However, for a toxic gas, concentration is usually
expressed as a volume fraction at T = 298 Kand P =1 atm, and is expressed in terms of pL.L-1 (equivalent

to cm3/m3 = 10-6).
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requires larger sample volumes than can be taken with these techniques. If this analytical limitation
exists, it is necessary to carry out the sampling over a longer period. While using longer sampling
periods permits the analysis of lower concentrations, this approach has some limitations. For example,
these types of samples permit a determination only of the integrated average concentration obtained
over the sampling period and do not discern any abrupt change in the evolution of the species of interest.
However, abrupt concentration changes can also be missed with instantaneously obtained samples, if
samples are not taken frequently enough.

When batch-sampling procedures are used, it is essential to specify sampling frequency, the starting
time of each sample and the total sampling time. This information is essential in order to ensure proper
evaluation of the data in conjunction with other fire properties that are being monitored (e.g. heat
release, temperatures, mass loss, smoke evolution, flame spread).

© ISO 2013 - All rights reserved
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Test fires can be classified as “small” (laboratory or “bench” size), “intermediate” or “large” (usually
full-scale). The sampled gases can be hot or near room temperature. It is generally necessary to extract
the gases from the test atmosphere through suitable tubing using a suction pump. Stainless steel tubing,
as short as possible, is often used. In the case of the production of hot gases, the sampling line shall be
heated to at least 100 °C. Several analytical methods require a dry, particulate-free sample. Glass wool
may be used (in most cases) as a particulate filter, with another trap of a drying agent (e.g. calcium
sulfate or calcium chloride) for removing moisture. The traps should be located just before the analyser
and after any heated sections of sampling tubes. Simple cold traps are often insufficient to remove the
quantity of moisture present in fire effluents; however, they can be useful in conjunction with other
filters and traps. The individual sampling and analytical system being used dictates flow requirements
and the necessity for moisture removal. Precautions should be taken to minimize the volume of the
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location and size of sampling probes is influenced by the size of the test appara
rements of the analytical system. The positioning ofsampling probesin specificapparat
bond the scope of this International Standard. In\general, the possibility of the stratifica
ambers without good mixing shall be considered and sampling too near the wall ofa t
Id be avoided.

ration of the entire sampling and analysis system, rather than just the analysis
mmended in order to ensure that any-lesses in the sample route can be allowed for. All
Id, therefore, take into account suchfactors as gas leakage (both into and out of the sar
he adsorption of gases onto probes, sampling lines, filters and other components. Calib|
ften obtainable in cylinders;‘however, it is advisable that the concentration stated by
brified by an independent analysis. This is especially true of reactive gases such as
h can decay over relatively short time periods even in a closed cylinder. The calibration
duced at the sampling probe and allowed to travel the same course as a test gas, throug
if present, to theanalyser or sampling medium.

Sampling‘using gas-solution absorbers
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(see discussion below), it is possible to calculate the concentration of the species in the gas phase, as
measured in the solution. A typical equation for calculating concentrations is presented in Formula (1):

XV x(mg / mg)

_Ps
o=

where
PG

Ps
/4

mg/ms

The volume

gxt

is the gas concentration;

is the solution concentration;

M

is the volume, expressed in litres, of solution;

is the ratio of atomic or molecular weights for the gaseous species, G, and solutionSpe
S, if different, e.g. HC1/Cl);

is the rate of gas flow, expressed in litres per minute, through the impinger;

is the time, in minutes of gas flow.

fraction of the gas, Xg, can be calculated by dividing the ¢encentration by the dens

—n

es,

ty d,

of the gas at the ambient temperature and pressure. This density,can’ be found, assuming ideal gas

behaviour, gs follows:
M
d=—% 2
m (2)
H
X6 =pgl— (3)
G
where
Mg is tIe molar mass of the gaseous,species, G;
H isthe gaseous volume occupied by 1 mol of an ideal gas at the relevant ambient pressure (|P)
and temperature (T).[ H = 8;314 ].K-1.mol-1 x 1 mol x T/P ]
EXAMPLE Suppose that the/measured solution concentration of chloride ion (Cl) was 0,006 g x dm-3 in
0,025 dm3 of|solution, the ambient thermodynamic temperature was 293,15 K, the ambient pressure was |l bar
(105 Pa=105] x m-3), and;the flow rate of gas was 0,25 dm3/min for 2 min. Then the gas concentration of hydrogen

chloride is gi

pG=1[0,006g

Ven by:
dmz3%0,025 dm3 x (36,461 / 35,453)] / [0,25 dm3/min x 2 min]

pG=1[0,0001%

pG=0,00030

The volume f

gx1.028]/050dms3
84 g.dm-3 =308,4 mg.m-3

raction of hydrogen chloride is given by:

Xc =308,4 mg.m-3 x (8,314 ].K-1.mol-1 x 293,15 K / 105 ].m-3) / 36,461 g.mol-1

X =308,4 mg.m-3 x 0,02437 m3.mol-1 / 36,461 g.mol-1

X6 =0,0002061 = 206,1 uL/L

The volume of the absorber solution and the total flow of gas directly affect the ratio of the gas and
solution concentrations. For a given gas concentration, the smaller the solution volume and/or the
larger the gas volume sampled, the higher the solution concentration. The choice of sampling conditions
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is dictated by the requirements of the analytical technique, including the volume and sampling rate
tolerated, expected concentration of gas in the test atmosphere, necessity for frequent sampling, etc.

The efficiency of absorption of a gas in liquid is affected by the following:

a) Solubility of the gas in the solution;

b) Physical characteristics of the absorber;

c) Ratio of gas flow rate to solution volume.

Generally, absorption efficiency is estimated empirically by allowing the flow of a known concentration

of th
impi
flow,
diffe

gas f

char

Ther]

impi
bottl]
whic
beca
spec

surfa

time
with

bubh

The

fine |
cautifon in using such bubblers so thatCfrothing does not occur and so that the coales

fine

(cont

prev
wax-
have

Note|
tube

4.5

Solid
from
then

P gas of interest through a series of Impingers and measuring the - break-through 11
hger (i.e. whatever is collected in the other traps). Another check on the efficiene]
impinger system is to conduct a series of experiments with a known concentration
Fent impingers and various flow rates. In practice, however, the choice of apparatus is
low rates and trapping solution volumes are based on Formula (1), takinginto accoun
hcteristics of the analysis methods.

e are basically four types of gas-solution absorbers: simple gas-washing bottles (incly
hgers), spiral or helical absorbers, packed glass-bead columns and fritted bubblers. The
fes, or impingers, function by drawing the gas through a tube (uspally with a constrict
h is immersed in the trapping liquid/solution. This type isimost suitable for highly s
1se contact time between solution and gas is short and bubple size is relatively large. Foi
es, the other absorbers offer longer contact time and/or.smaller bubble size (which incre
ce contact). The spiral or helical absorbers are builtin specialized shapes to allow a
The flow rate in these bubblers is limited becausecof the possibility of trapping soluti
high flow rates. Packed glass-bead columns allew increased gas/liquid contact by di

fritted bubblers contain a sintered or fritted disc on the gas inlet tube to disperse
pubbles (the size of the bubbles is dependent on the porosity of the frit). It is necessar}

bubbles does not defeat the punpase of the frit. Also, it is necessary to filter smoky 4
aining particulates or liquid,aerosols) before drawing them through a fritted bubble
ent clogging of the frit (whi¢hioccurs very easily). Such clogging can also occur from th
like deposits. Certain gas'species (e.g. HCI) can be absorbed onto a filter, especially if
also been trapped on-thefilter.

that very soluble. gases, such as HCl and HF, can cause water to be sucked back along t
With these gasesyit is often necessary to include an empty bubbler to act as a liquid tx

Sampling using solid sorption tubes

sopption tubes are an alternative method to gas-solution absorbers for sampling c
fire effluents. Following sampling, the species of interest is desorbed in water and its

les through a bed of glass beads. Flow rates can be higher than for the spiral absorbers.
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The advantages of solid sorption tubes over solution absorbers are

a) Ease of handling,

b) Compactness,

c) High absorption efficiency,

d) Ability to be located directly at the point of sampling.

This latter advantage can have dramatic consequences in the measurement of HF, HCl and HBr in fire
effluents because these species are easily lost to the inside surfaces of sampling lines. With solid sorption
tubes (exceptin areas of extreme heat), a sampling line is not necessary before the sorption tube itself. All
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associated hardware (e.g. valves, flow meters and pumps) can be located behind the tubes, even far from
the sampling point. This ensures that the sample is as representative as possible of the fire atmosphere.

Much experience has been gained through using solid sorption tubes, for example in the field of
atmospheric sampling and for staff exposure monitoring in the workplace. Similar tubes have been re-
examined for potential use in sampling fire effluents. Two studies [5].[6] were carried out using solid
sorbents to measure certain gases in real building fires. These tubes were located in portable sampling
boxes carried by the firemen who were actually fighting the fire. Tubes of similar design, containing
activated charcoal, have been used to sample HF [Zl and HCN.[8] Tubes containing flake sodium hydroxide
for the absorption of acid gases have also been described.[9] A procedure for successive (e.g. every 3 min
or 5 min) sampling with tubes at one location without removing or replacing tubes has been described

for sampling
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volume is th
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The same d
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lution (e.g. C1-) is the same as that described for solution absorbers, except that the solpition
e volume of desorbent liquid. In practice, a small aliquot, rather than the enfire quantity, of
ht solution is often used for the analysis so it is necessary to take this facterinto accoujnt.

onsiderations that apply to solution absorbers, with respect to (inefficient absorption,
bh and the relationship of volume sampled to gas and solution «concentration, also apply
f solid sorbents. Instead of bubble size, it is the particulate size of the absorbent that is
arge particles offer less surface area per unit volume and mofe opportunity for channelling,
icles can cause the tube to plug when sampling moist gas), The tubes should be small enpugh
0 mm long, 6 mm OD) such that two tubes can easily bé placed in series to allow fof the
f “breakthrough” from the first tube.

ntubesare subjectto plugging due to soot collectioti This can be recognized during sampling
e in sample flow rate. The same flow rate should be maintained over the duration of sampling

using a cons
A glass woo

tant flow device; otherwise, an error is intreduced in the calculation of gas concentrgtion.
plug loosely packed into the inlet of the tubé reduces the tendency to blocking from sdot.

Thermal de
stream thus

sorption of the adsorbed sample is also possible; the sample tube is heated in an iner
driving off the sample without thexneed for a liquid solution stage.

t gas

4.6 Sampling for spectrometric er'spectrophotometric analysis

The uses of
[both non-d
widespread
continuous |
different col

spectrometric analysis'[direct mass spectrometry (MS)] and spectrophotometric andlysis
ispersive infrared_(NDIR) and Fourier transform infrared (FTIR)] have become fuite
in recent years. FRIRtechniques in particular are becoming more prominent.[9], [10], [11] The
measurement by.means of NDIR analysis (e.g. for CO and CO3) is now so common that seyeral
mpanies manufacture commercial instruments designed for this purpose.

ficles
f the

For two of the methgds (direct MS and FTIR), it is important that the fire effluents be free from par
before they pre introduced into the analyser. The filter used, which is often placed at the junction g
sampling lirfe ahd'the test chamber, shall be inert so it does not react with any of the gases of interest.
A stainless ptéel filter unit containing a glass-fibre filter (e.e. Whatman multigsrade GMF150Y mficro-
filter, 1 um, 47 mm in diameter) has been found suitable. The sample line and the filter (and for FTIR
also the absorption cell) are heated to a temperature above 120 °C (120 °C to 150 °C has been found to
be suitable), in order to prevent liquid water from forming, to prevent water-soluble gases (e.g. HCN and
the acid gases) from dissolving and other gases from condensing.

When a filter is used, it is necessary to check the extent to which the species of interest have been
retained by the filter. If retention occurs, it is necessary to correct the measured concentrations. The
amount of retained material is dependent principally on the type and capacity of the filter used, the
nature of the species and the volume of gas passing through the filter.

1) The Whatman GMF150 filter is an example of a suitable product available commercially. This information is
given for the convenience of users of ISO 19701 and does not constitute an endorsement by ISO of this product.
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Sampling with gas bags can be used for most analytical methods. The test atmosphere is pumped, or
allowed to flow under pressure, into a gas bag at a measured constant rate for a measured time period,
thus obtaining a known volume of sample in the bag. It is necessary to filter the fire effluents before
passing into the bag; simple in-line glass wool filters for particulates, and calcium chloride filters for
moisture, have been found effective. However, a calcium chloride absorbent removes water vapour and
water-soluble gases. At the end of the sampling period, the bag may be stored before it is connected to
the analyser; but it is important to appreciate that storage times in bags should be kept to a minimum,
preferably less than 1 h. Gases such as HF and HCI can dissolve in condensed/trapped water and this
reduces the concentration presented to the analyser.

Bags|shall be gas-tight and inert and those with a lining of polyvinylfluoride (PVF) are recq

Tabl¢ 1 summarizes the analytical methods and types of sample required for each method

this International Standard.

Table 1 — Type of sampling for the analytical methods described

mmended.

Hescribed in

Gas Analytical Method Type of sample for analysis
Carb¢n monoxide (CO) NDIR gas
Carb¢n dioxide (CO7) NDIR gas
Oxygpn (02) Paramagnetism gas
Hydrpgen cyanide(HCN) Colourimetry (Chlordmine T) solution
Colourimetry (piepic acid) solution
HPIC solution
Hydrpgen chloride (HCI) ISE solution
Hydrpgen bromide (HBr) HPIC solution
titrimetry solution
Hydrpgen fluoride (HF) ISE solution
HPIC solution
Online ISE solution
Nitrogen oxides (NOy) Chemiluminescence gas
Nitrogen dioxide (NO2) HPIC solution
Nitrojgen monoxide (NO) Gfx-IR gas
Acrolein (2-propenal) Colourimetry solution
HPLC solution
GC-MS gas
Formjaldehyde (Methandl) Colourimetry solution
HPLC solution
Acetdldehyde-(Ethanal) HPLC solution
GC-MS solution
Totallaldehydes Colourimetry solution
Sulfur dioxide (SO3) HPIC solution
Carbon disulphide (CS3) GC-MS, GC/FPD gas
Hydrogene Sulphide (H3S) HPIC solution
GC/FPD solution
Ammonia (NH3z) Colourimetry solution
HPIC solution
Titration solution
Antimony compounds AAS or ICP solution
Arsenic compounds AAS or ICP solution
Phosphorus ICP solution
Phosphates Colourimetry solution
HPIC solution
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Table 1 (continued)

Gas Analytical Method Type of sample for analysis
Phenol HPLC solution
GC-MS gas
Benzene HPLC solution
GC-MS gas
Toluene (Methylbenzene) HPLC solution
GC-MS gas
Styrene (Phenylethene) HPLC solution
GC-MS gas
Acrylonitrile GC-MS solution
Formic acid HPIC solution
HPLC solution
Hydrocarbong (total) FID gas
5 Analytical methods for fire gases

5.1 Carbon monoxide by non-dispersive infrared spectroscopy (NDIR)

5.1.1 Application and limitations

The method|
are commo
hardware aj
digital or aif
carbon mon|

5.1.2 Sen

Instruments
more with 3
water and c

5.1.3 Oth

Multi-range
effluents, w
and the san
componentg

provides a continuous analysis/monitoring capability for carbon monoxide. The analj
nly self-contained instruments and include sample pumps, sample filtering, ang
nd electronics. Direct readout of carbon monoxide concentration is usually provided (¢
alogue) together with an output for connegting recording devices. Instruments prov
pxide and carbon dioxide analyses in the same case are available.

sitivity and selectivity

are available for measuring carbon monoxide from below 1 ul/1to 50 000 ul/1 (5 %
common resolution of 0,1 %.0f the selected range. Interferences with nitrogen compo
arbon dioxide have been described.

br considerations

instruments are“available to cover all concentrations likely to be encountered in
hich will norimally be over the range 500 pl/1to 50 000 pl/1. The method is non-destru
iple can be(“passed on” for analysis of other compounds, taking into account that

5.1.4 Ana

Fysis principles

of the.sample, e.g. particles, acid gases and water, can be lost in filtering and sampling.

sers
lysis
ither
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and
inds,

fire
ctive
some

NDIR instruments operate by passing a beam of infrared (IR) radiation of a fixed wavelength through
the sample. The IR wavelength used is that which is in a main spectroscopic absorption region for carbon
monoxide (and which is not absorbed significantly by other species). The absorption of the radiation is
a measure of the concentration of carbon monoxide in the internal gas sample cell. Refinements may
include a “double beam” system that can compensate for interfering species and other effects.

5.1.5 Procedure

See Clause 4 for principles of sampling and C.2 for general principles of the method. However, for the
analysis of carbon monoxide by NDIR, the specific information in 5.1.6 to 5.1.10 is relevant.
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Normally, the instruments have only to be powered and the sampling line attached. It is usually
convenient to set one concentration range within which the analysis is carried out and, therefore, it is
desirable that the recording system used (e.g. data logger) has sufficient resolution for the chosen range.

5.1.6 Sampling

It is essential that the sample stream entering the instrument be treated to remove particulates and
vapours condensable under ambient conditions. Simple in-line glass wool and calcium chloride filters
have been found to be effective. Sample flow rates on the order of a few litres per minute are common
and where the sampling point is many metres away from the instrument, a separately pumped, heated
sample line with a higher flow rate can be used with the instrument sample port “teed” into this.

5.1.7 Analysis

Therg is no requirement for additional analytical procedures.

5.1.8 Calibration

Calibration is achieved through the introduction of standard (preferablycertificated) gas mixtures and
“zerg gas” (which may be high-purity nitrogen) as provided commeréially in pressurized cylinders. It is
desirjable to calibrate the instrument by introducing the sample both-at the inlet port and af the remote
sampling point. On multi-range instruments, it is usually possibleto calibrate on the lowest rpnge if more
than|one range is to be routinely used. However, calibration within the range to be used for measurement
is recommended. It should be noted that the ambient concentration could vary significantly from these
valugs depending on location. It is, therefore, importantto-recognize that a significant ambjient reading
can be obtained at the beginning of a fire experiment due to local conditions. The calibration and the
analysis of the fire effluents shall be carried out usingthe same flow-rate through the analyser.

5.1.9 Calculations

Therf are no calculations required; the.carbon monoxide concentration is obtained by diredt readout or
(morje usually) through a connectionto;an electronic recording apparatus.

Note[that some instruments have'a nonlinear scale but have the electronic output corrected to provide
a lingar signal. This linear sigrial ranges between fixed values and usually does not take adcount of the
seledted concentration range.

5.1.10 Repeatability-and reproducibility

Regarding the similarity of measurement technique, repeatability and reproducibility] have been
estimated as equivalent to CO2 by NDIR (see 5.2.10).

has heetrestimated as 14 % and reproducibility as 26 %.[12] These values include repedtability and
reproducibility of the fire model.

For dftermination of COyieldsaccordingto AFAP-3[2] during combustion of PMMA at800°C, Repeatability

5.2 Carbon dioxide by non dispersive infrared spectroscopy (NDIR)

5.2.1 Application and limitations

NDIR provides a continuous analysis/monitoring capability for carbon dioxide. The analysers are
commonly self-contained instruments and include all sampling, pumping, sample filtering, and analysis
hardware and electronics. A direct readout of the carbon dioxide concentration is usually provided
(either digital or analog) together with an output for connecting recording devices. Instruments
providing carbon dioxide and carbon monoxide analyses in the same case are available.
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5.2.2 Sensitivity and selectivity

Instruments are available for measuring carbon dioxide from below 1 pl/1 to 200 000 pl/1 (20 %) and
more, with a common resolution of 0,1 % of the selected range. Interferences with nitrogen compounds
and water have been described.

5.2.3 Other considerations

Multi-range instruments are available to cover all concentrations of carbon dioxide commonly
encountered in fire effluents, which normally are in the range 500 pl/1to 200 000 pl/1. The method is non-
destructive and the sample can be “passed on” for analysis of other compounds, taking into account that
some compdnents of the sample, e.g. particles, acid gases and water, can be Iost in filtering and sampling.

5.2.4 Analysis principles

NDIR instryments operate by passing a beam of infrared (IR) light of fixed wavelenigth through the
sample. The| IR wavelength used is that which is in a main spectroscopic absorption-vegion for carbon
dioxide (andgl which is not absorbed significantly by other species). The absorption of radiation is a
measure of the concentration of carbon dioxide in the internal gas sample cell, Refinements may in¢lude
a “double bgam” system that can compensate for interfering species and other'effects.

5.2.5 Pro¢edure

See Clause 4 for principles of sampling and C.2 for general principles for this method. However, fgr the
analysis of darbon dioxide by NDIR, the specific information in 5:2:6 to 5.2.11 is relevant.

The instrunjents usually have only to be powered and the sampling line attached. It is usually convehient
to set one cqncentration range within which the analysis;is carried out and it is therefore desirablg that
the recording system used (e.g. data logger) have suffigient resolution for the chosen range.

5.2.6 Sanipling

It is essentipl that the sample stream entering the instrument be treated to remove particulate and
vapours corldensable under ambient conditions. Simple in-line glass wool and calcium chloride f]lters
have been fpund to be effective. Sampleflow rates of the order of a few litres per minute are compmon
and where the sampling point is mdny metres away from the instrument, a separately pumped, h¢ated
sampling linle with a higher flow fate can be used with the instrument sample port “teed” into this|

5.2.7 Analysis

There is no requirementfor additional analytical procedures.

5.2.8 Calipration

Calibration is_achieved through the introduction of a standard (preferably certificated) gas mixtures
and “zero gas” (which may be high-purity nitrogen) as provided commercially in pressurized cylinders.
It is desirable to calibrate the instrument by introducing the sample both at the inlet port and at the
remote sampling point. On multi-range instruments, it is usually desirable to calibrate on the lowest
range if more that one range is to be routinely used. A useful check is the concentration of ambient
carbon dioxide (350 ul/1 to 355 pl/l in 1997) following a zero gas check. However, it should be noted
that the ambient concentration can vary significantly from these values depending on location. It is,
therefore, important to recognize that a significant ambient reading can be obtained at the beginning of
a fire experiment due to local conditions. The calibration and the analysis of the fire effluents shall be
carried out using the same flow-rate through the analyser.
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5.2.9 Calculations

There are no calculations required: the carbon dioxide concentration is obtained by direct readout or
(more usually) through a connection to an electronic recording apparatus.

Note that some instruments have a nonlinear scale but have the electronic output corrected to provide
a linear signal. This linear signal ranges between fixed values and does not usually take account of the

selec

ted concentration range.

5.2.10 Repeatability and reproducibility
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ind reproducibility as 21 %, for a yield of around 0,15 kg/kg.[1] These values include
eproducibility of the fire model.

Hetermination of CO2 yields according to AFAP-3[2] during calcinations~of Zinc ¢
C, repeatability has been estimated as 16 % and reproducibility as 28 %:[22] These v3
htability and reproducibility of the fire model.

1 Trueness

hess of the method has been determined according to AFAP-3[2] during calcinat
bnate, with the hypothesis of a raw formula of 3(Zn(OH)2):2(ZnC03) and considering t}
rbonate into CO;. Theoretical yield is 0,160 kg/kg. Valué found (average of 3 determ
lower than theoretical value.

Oxygen by paramagnetism

Application and limitations

method provides a continuous analysis monitoring capability for oxygen. The a

ping may be built-in or provided’externally. Direct readout, often by digital displa

Sensitivity and selectivity

instruments operate in the range 0 % to 100 % but may be able to switch ranges to cov
entration ranges, typically 0 % to 25 %. A resolution of 0,1 % oxygen is common. Some
hlso provide adifferential” reading, i.e. the change from a set starting value. Ng
ference is_likely but other paramagnetic compounds, e.g. nitrogen dioxide and carbo
ive a weak interference.
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The advent of oxygen-depletion calorimetry has placed new demands on the sensitivity, selectivity and
stability ofthe paramagnetic oxygen analyser. Mostheat-release-rate measurements using this technique
require a measurement accuracy of 0,02 % oxygen, usually over the range 15 % to 21 % oxygen.

5.3.4 Analysis principles

Oxygen exhibits the property of paramagnetism (i.e. concentrating/attracting an applied magnetic
field) because of the electron arrangement in its molecule. Practical instruments utilize this property
by measuring the movement of a body placed in a magnetic field, with the oxygen-containing sample
flowing around the body.
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5.3.5 Procedure

See Clause 4 for principles of sampling and C.3 for general principles of the method. However, for the
analysis of oxygen by paramagnetism, the specific information in 5.3.6 to 5.3.10 is relevant.

The instruments usually have only to be powered and the sampling line attached.

5.3.6 Sampling

It is essential that the sample stream entering the instrument be treated to remove particulates and
vapours condensable under ambient conditions. Simple in-line glass wool and calcium chloride filters
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been colleeted yet. Nevertheless, the technique is at the basis of oxygen-depletion calorimetry

hce injoxygen concentration produced is estimated fewer than 10 %.

5.4 Hydrogen cyanide

5.4.1 Hydrogen cyanide by colourimetry (Chloramine T)

5.4.1.1 Application and limitations

These are covered in 5.4.1.2 and 5.4.1.3.

5.4.1.2 Se

nsitivity and selectivity

This technique is capable of measuring 0,05 pg cyanide ions in the aliquot taken.

Small negative interferences arise from nitriles, oxides of nitrogen and sulphide.

12
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5.4.1.3 Other considerations

A concentration of 0,01 M sodium hydroxide for the trapping medium prevents breakthrough of hydrogen
cyanide in fritted bubblers but does not influence the pH during the colourimetric analysis procedure.

During the colour development, there is a 10 min “window” between 25 min and 35 min during which
the blue colour is stable, allowing analysis of multiple samples simultaneously. The solutions containing
HCN have been found to be unstable over time. The solutions shall be analysed on the same day as the
sample is obtained.

It should be noted that visual comparison of colour hue and intensity could be used as a guide to
Concanfrafinn (1' e without the use of 3 cpnrfrnphnfnmpfpr) but -such assessments can he relatively

subjéctive and are affected by such factors as colour-blindness and other sight defects.

5.4.1.4 Analysis principles

Cyanlide (CN-) in the test solution, is converted to cyanogen chloride (CNCI) by reaction with ghloramine T
at pH 7. The CNCI then forms a blue dye on addition of 4-pyridinecarboxylic dcid-pyrazolpne reagent,
which is measured in a spectrophotometer at a wavelength of approximately 638 nm (corrgsponding to
the maximum absorbance of the standard solution); see Reference [13].

5.4.1.5 Procedure

See (lause 4 for principles of sampling and C.4 for general pringiples of the method. However, forf the analysis
of hyflrogen cyanide by chloramine T colourimetry, the spegific information in 5.4.1.6 to 5.4.1.D is relevant.

5.4.1.6 Sampling

Pump the fire atmosphere through a fritted bubbler containing 20 ml of 0,01 M sodium hydroxide at
0,4 1fmin for 4 min to 5 min and record the tetal volume sampled. These sampling paramdters may be
varidgd if necessary to suit conditions. Copper sampling tubes are unsuitable. Flow measuffements will
contribute to the overall uncertainty in.the determination.

5.4.1.7 Analysis

5.4.1.7.1 Reagents

Analjtical grade reagents should be used where possible. Water used should be quality 3 3s defined in
1SO 3696:1987.[14]

5.4.1.7.1.1 Absorbing solution, 0,01 M sodium hydroxide

5.4.1.7.1.2" Phosphate buffer, pH 7.2

Add 1 QO 3 ) A | L Laota 200 1L dictillad £ pa | 3 £ 4 11720 3k t 3
T g soattnyatrogeir pnosSprateto v atstet waterantatstTtoprr—7,z—witl potassium

dihydrogen phosphate solution (p = 200 g/1). Make up volume to 500 ml with distilled water.

5.4.1.7.1.3 Chloramine T solution, p =1 g/I

Dissolve 0,1 g chloramine T in 100 ml distilled water. Prepare freshly each day.

5.4.1.7.1.4 Pyridine-pyrazolone solution

Mix 1-phenyl-3-methyl-5-pyrazolone (0,3 g in 20 ml dimethyl formamide) with 4-pyridiene carboxylic
acid (1,5 gin 20 ml 1 M NaOH; adjust pH to 7,0 with 1 M HCI). Adjust final volume to 100 ml with distilled
water. The solution is stable for up to five weeks if refrigerated.
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Stock cyanide solution, p approximately 1 000 ug/ml CN-

Dissolve 1,29 g potassium cyanide in 500 ml 0,01 M sodium hydroxide.

5.4.1.7.1.6

Standard cyanide solution, p = 2,0 pg/ml CN-

Add 1 ml stock solution (5.4.1.7.1.5) to 0,01 M sodium hydroxide contained in a 500 ml volumetric flask
and make up to volume. Prepare freshly each day.

5.4.1.7.2 Protocol

To aboiling-
(if necessar}

1,8 mlp

0,8 ml ¢

1,8 ml p

Read absorh
solution) in
chloramine

tube, add an aliquot of test solution containing up to 4,0 pg CN-.Add 0,01 M sodium hydr
/) to give a total volume of 4 ml. Then add in turn with shaking

hosphate buffer,
hloramine T (leave 5 min to react),
yridine-pyrazolone solution.

ance at approximately 638 nm (corresponding to the maximum absorbance of the stan

T solution (see 5.4.1.7.1.3).

5.4.1.8 Calibration

Prepare cal
standard cy
of concentra
colour as de|

bration standards containing 2,0 pg and 4,0 pg-GN- using 1 ml and 2 ml aliquots o
hnide solution (5.4.1.7.1.6). Prepare at least twoumore calibration solutions to cover the 1
tions required. Make up the volume to 4 mlwith 0,01 M sodium hydroxide and develo
scribed above. Standards should be included with each set of analyses.

5.4.1.9 Callculations

Compare th|
calculate co

e absorbance of the test solutioris with that obtained for the calibration standardj
hcentrations in the test atmoSphere using Formula (4):

ben XV X1,038

PucN =

where
PHCN

PCN

Vi, Xe

is the hydrogen cyanide concentration, expressed in grams per litre of atmosphere;

is the ¢yanide ions concentration in the absorbing solution, expressed in grams of cyar
ions per litre of the solution;

bxide

dard

a 1 cm cell against a reagent blank solution, 30 min exactly after the addition of the

f the
ange
p the

and

(4)

1ide

1,038
VaS
Vta

e

SThe conversion factor from CNto HCN, equal to 27/26;
is the total volume, expressed in litres, of absorbing solution;

is the volume, expressed in litres, of the test atmosphere sampled;

is the collection efficiency of the trapping system, experimentally determined using a train

of two traps.

5.4.1.10 Repeatability and reproducibility

No data has

14

been collected yet.
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5.4.2 Hydrogen cyanide by colourimetry (picric acid)

5.4.2.1 Application and limitations

These are covered in 5.4.2.2 and 5.4.2.3.

5.4.2.2 Sensitivity and selectivity

This

technique is capable of measuring 2 pg/ml cyanide ions.

Interferences arise from acetone and other ketones. Washing flasks with acetone is prohibited with

this {

5.4.2

Samjple solutions containing HCN have been found to be unstable over time.1t\is recomi

the

comparison of colour hue and intensity could be used as a guide to concentration (i.e. witho
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.3 Other considerations

olutions be analysed within 24 h of the collection of the sample. It sheuld be noted

ctrophotometer) but such assessments can be relatively subjectiveiand are affected by

.4 Analysis principles

ide (CN-) in the test solution, trapped in the form of-an alkaline cyanide, forms a re
ppurpurate when added to a picric acid reagent, the absorbance of which is me
[rophotometer at a wavelength of approximately 480 nm (corresponding to thd
bance of the standard solution).

.5 Procedure

lause 4 for principles of sampling and €4 for general principles of the method. However, fot
drogen cyanide by picric acid coleurimetry, the specific information in 5.4.2.6 to 5.4.2.11

nended that
that visual
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the analysis
is relevant.

.6 Sampling

b the fire atmosphere_through a fritted bubbler containing 20 ml of 0,1 M sodium }
min for 4 min to 5.min and record the total volume sampled. These sampling paramg
d if necessary to-suit conditions.

.7 Analysis

.7.1 _Reagents

iydroxide at
ters may be

ytical grade reagents should be used where possible. Water used should be quality 3 §

s defined in

ISO 3

696:19357.114]

5.4.2.7.1.1 Absorbing solution, 0,1 M sodium hydroxide

5.4.2.7.1.2 Colourimetric reagent

Dissolve 50 g of sodium carbonate in distilled water. Add 250 ml of a 1,2 % picric acid solution
(commercially available with analysis certificate). Adjust final volume to 1 000 ml with distilled water.
The solution is stable for several months if kept in a brown flask.
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5.4.2.7.1.3 Stock cyanide solution, p approximately 800 pug/ml CN-

The solution can be prepared from potassium cyanide dissolved in sodium hydroxide (0,01 M). The
exact concentration of the solution has to be checked before use, as potassium cyanide is not stable and
oxidation can occur.

5.4.2.7.1.4 Standard cyanide solution, p approximately 40 pg/ml CN-

Add 5 ml stock solution (5.4.2.7.1.3) to distilled water contained in a 100 ml volumetric flask and make
up to volume. Prepare freshly each day.

5.4.2.7.2 Protocol

To a flask dr Erlenmeyer, add an aliquot of test solution of between 1 ml and 20 ml. Add-30 ml of
colourimetrijic reagent and make up to 50 ml with 0,1 M sodium hydroxide.

Make a samlﬁle blank solution by adding to a flask or an Erlenmeyer 1 ml of test solttion and 50 ml of
0,1 M sodiuin hydroxide. This is to allow for the fact that the sample itself can contain colouring, which
interferes wjith the analysis.

Place the fldsks or Erlenmeyers for 10 min in a water-bath kept at 90 °C + 2°€.

After cooling to ambient temperature, read the absorbance at approxirmately 480 nm (correspondipng to
the maximujm absorbance of the standard solution) in a 1 cm cell agairist a reagent blank and the sallfnple
blank. If the absorbance measured is higher than the calibrated range, dilute the test solution yising
0,1 M sodiuin hydroxide and repeat the analysis.

5.4.2.8 Callibration

The reagent|blank and standard solutions are prepared in accordance with Table 2.

Table 2 — Preparation of reagent blank and standard solutions

CN concentration in
pug/ml
Reagent Standard solution
Parameter blank
24 | 48 | 72 | 96 | 12
Volume of reagent added
ml
Standard¢yanide solution 0 3 6 9 12 15
0,1 M sodium hydroxide 20 17 14 11 8 5
Colourimetric reagent 30 30 30 30 30 30

Develop the colour as described in 5.4.2.7.2. Standards should be included with each set of analyses.

5.4.2.9 Calculations

Compare the absorbance of the test solutions with those obtained for the calibration standards and
calculate solution concentrations using Formula 4, in 5.4.1.9.

5.4.2.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in a mixture issued from trapping fire effluents from
various materials in 0,1 M NaOH solution.[1] For concentration around 8 mg/l, repeatability has been
estimated as 7 % and reproducibility has been estimated as 21 %. For concentration around 32 mg/],
repeatability has been estimated as 4 % and reproducibility has been estimated as 23 %.
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5.4.2.11 Trueness

Values found during interlaboratory trial were compared with technique by high performance ion
chromatography (HPIC). Results were comparable for low concentration (at about 8 mg/1) at less than
13 % and for high concentration (at about 32 mg/1) at less than 4 %.

5.4.3 Hydrogen cyanide by high performance ion chromatography (HPIC)

5.4.3.1 Application and limitations

Thes

e are coveredin 5.4.3.2 and 5.4.3.3.

5.4.3

This
soluf

This
sepa

This
5.4.3

Agla
react

.2 Sensitivity and selectivity

technique is capable of measuring within the range of 0,05 pg/ml to 50 pg/mlas cya3
ion. For measurement of higher concentrations, accurate dilution of the saniple’solution

technique is specific to cyanide ions in aqueous solution. An alkaline eluent shall alway
Fation and detection to ensure the cyanide ions exist in the anionicferm.

method allows measurement of hydrogen sulphide simultaneously (see 5.14.1).

.3 Other considerations

ions with the rubber materials often present in the plungers of plastic syringes. Cert

columns have been found to be sensitive to the fire-effluent solution in that they can qui

clogg
regej

Inro
phas

5.4.3
The {

a sih
fitte

5.4.3

See (
analy

ed. The solution should be filtered beforesinjection onto the column. It is often 1
nerate the columns regularly.

tine usage, it has been proven that HPIC separating columns are subject to accelerate g
e. A special care has to be done che¢king no degradation of analytical conditions.

.4 Analysis principles
eparation is carried out orf an anion exchange column followed by Amperometric de

] in the cell.

.5 Procedure

lause 4 for)principles of sampling and C.5 for the general principles of the method. How
sis of hydrogen cyanide by HPIC, the specific information in 5.4.3.6 to 5.4.3.11 is relev

nide ions in
snecessary.

5 be used for

5s syringe with a PTFE-tipped plunger is recommendedfor use during injection to avoid §innecessary

ain types of
rkly become
ecessary to

ging of solid

fection with

er-working electrode, ‘A silver chloride reference and a stainless steel counter electrode are

ever, for the
ant.

5.4.

6~ Sampling

The following procedure has been found suitable; see AFNOR NF X70-100-1[1] and AFNOR NF X70-100-
2.[15] Pump the fire atmosphere through a non-fritted then a fritter impinger, containing 75 ml and
150 ml, respectively, of 0,1 M sodium hydroxide, at 2 1/min for 20 min and record the total volume
sampled. These sampling parameters may be varied if necessary to suit conditions. Copper sampling
tubes are unsuitable.

5.4.3.7 Analysis

5.4.3.7.1 Reagents

Liquid chromatography grade reagents should be used where possible.
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Absorbing solution, 0,1 M sodium hydroxide.

5.4.3.7.1.2 Eluents, consisting of 0,1 M sodium hydroxide, 0,5 M sodium acetate or 0,5 % ethylene

diamine.

5.4.3.7.1.3

Stock cyanide solution, p approximately 1 000 pg/ml CN-.

Dissolve 1,25 g potassium cyanide in 500 ml 0,1 M sodium hydroxide.

5.4.3.7.1.4

Standard cyanide solutions

Dilute stocK]
volume in of

5.4.3.7.2
Flow rate sh

Direct analy
is advisable

5.4.3.8 Callibration

Standard cyj
the detector
solution. A d

5.4.3.9 Callculations

Compare th
calibration (

5.4.3.10 Re

Repeatabilit
various maf]
estimated a
repeatabilit

5.4.3.11 Tr

Values foun

Protocol

cyanide solution in 0,1 M sodium hydroxide contained in volumetric flasks and make
rder to obtain several standard solutions. Prepare freshly each day.

ould be set at 1 ml/min. The applied voltage setting is zero volts.

sis of the unknown solution can be carried out. The sample injection volume is 25 ul
to inject at least 10 times the volume to fill the sample loop completely.

anide solutions are injected into the system and a chartrecorder or an integrator mon
response. The peak area monitored is directly related to the concentration of each stan
alibration curve is then prepared.

urve and calculate atmospheric concentrations using Formula 4, in 5.4.1.9.

peatability and reproducibility

y and reproducibility were-estimated in a mixture issued from trapping fire effluents
erials in 0,1 M NaOH-solation.[1] For concentration around 7 mg/l, repeatability has
5 4 % and reproducibility has been estimated as 18 %. For concentration around 33 1§
y has been estimated as 2 % and reproducibility has been estimated as 9 %.

ueness

l during-interlaboratory trial were compared with technique by colourimetry (picric 4

see 5.4.2. R¢|

concentrati¢n-{at about 33 mg/1) at less than 4 %.

sults were comparable for low concentration (at about 7 mg/1) atless than 13 % and for

Lp to

nd it

itors
dard

b peak area of the test solution corresponding to cyanide ions with those obtained for the

from
been

mg/I,

icid),
high

5.5 Hydrogen chloride and hydrogen bromide

5.5.1 Hyd

rogen chloride and hydrogen bromide by ion selective electrode (ISE)

5.5.1.1 Application and limitations

These are covered in 5.5.1.2 and 5.5.1.3.
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5.5.1.2 Sensitivity and selectivity

This technique is capable of measuring 5 pg/ml of hydrogen chloride or hydrogen bromide in the test
solution. However, mixtures of bromide and chloride will produce strong positive interference. Sulphide
ions will also produce a strong positive interference.

If both bromide and chloride ions are present in the same test solution, then a total hydrogen halide
concentration can be measured and expressed as halide equivalents, as the sensitivities to Cl- and
Br- are equal.

5.5.1.3 Other considerations

Hyd

5.5.1
Hyd1

Halid
seleq

5.5.1
See (

the 3
5.5.1

5.5.1

Pum
at 0,4
para

5.5.1

5.5.1
Anal

5.5.1

5.5.1

Dissolved0,329 6 g sodium chloride in 1 000 ml 0,01 M sodium hydroxide.

.4 Analysis principles

ogen chloride and/or bromide is collected in 0,01 M sodium hydroxide cortained in fritt
e ionsin the test solutions are measured by a determination of the electrode potentials
tive and reference electrodes; see Reference [16].

.5 Procedure

lause 4 general sampling requirements and C.7 for generabprinciples of the method. |
nalysis of hydrogen chloride and hydrogen bromide by ISE, the specific information
110 is relevant.

.6 Sampling

b the fire atmosphere through a fritted bubbler containing 20 ml of 0,01 M sodiur
t 1/min for 4 min to 5 min and recordthe volume of test atmosphere sampled. The|
neters may be varied if necessary to.suit conditions.

.7 Analysis

.7.1 Reagents

ytical grade reagents.should be used where possible.
.7.1.1 Absorbing solution, 0,01 M sodium hydroxide

.7.1.2 .Standard chloride solution, approximately 200 pg/ml, equivalent to 5,6 pumo

ogen cyanide, phosphates and total phosphorus can be quantified in the same test solllltion.

ed bubblers.
with halide-

However, for
in 5.5.1.6 to

n hydroxide
se sampling

/ml

5.5.1.7.1.3 Standard bromide solution, approximately 450 ug/ml equivalent to 5,6 pmol/ml

Dissolve 0,669 8 g sodium bromide 1 000 ml 0,01 M sodium hydroxide.

5.5.1.7.2 Protocol

Chloride and/or bromide in the solution are quantified against calibration standards (for example,
200 pg/ml Cl-, equivalent to 5,6 pmol/ml Cl-) according to the procedure specified by the manufacturer
of the ISE instrument.
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5.5.1.8 Calibration

Prepare calibration standards with the 0,01 M sodium hydroxide solution used as trapping medium.
Generally, standards up to 5,6 pmol/ml are used. For everyday use, conditioning/calibration of the ISE
is carried out with a single specified standard.

5.5.1.9 Calculations

For an ISE used as a halide analyser, the concentration of hydrogen chloride and/or hydrogen bromide
in the test atmosphere is calculated from Formula (5):

Mix
PK ><Vas X

X
=& 5
PHX Vo xe (5)

where
pux is|the hydrogen halide concentration, expressed in grams per litre of atmosphere;

px  is|the halide ions concentration in the absorbing solution (chloride or-bromide), expresse¢d in
grams of halide ions per litre of the solution;

Myx is[the conversion factor from halide ion to hydrogen halidesequal to 1,028 for chloride
My (36,45 / 35,45) and 1,013 for bromide (80,9 / 79,9);

Vas  is[the total volume, expressed in litres, of absorbing-solution;

Vta  is[the volume, expressed in litres, of the test atinosphere sampled;

e is|the collection efficiency of the trapping@System, experimentally determined using a train
of two traps.

5.5.1.10 Rdpeatability and reproducibility

No data has|been collected yet.
5.5.2 Hydrogen chloride and hydrogen bromide by high performance ion chromatography (HPIC)

5.5.2.1 Agpplication and\limitations

These are cgvered in’5.5.2.2 to 5.5.2.3.

5.5.2.2 Sepnsitivity and selectivity

This techniqueTs capable of measuring within the range of U,05 jig/ml to 50 ig/ml as chloride or bromide ions
in solution. For measurement of higher concentrations, accurate dilution of the sample solution is necessary.

This technique is specific to chloride and bromide ions in aqueous solution. Co-elutants can interfere
with the accuracy of the results.

Other anions can also be analysed by this technique with appropriate trapping solutions.

Details on method sensitivity and selectivity can be found in Reference [17].

5.5.2.3 Other considerations

0,1 M sodium hydroxide may be used as the trapping solution. This will trap a wider range of anions and
may allow longer storage of samples.
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5.5.2.4 Analysis principles

The separation is carried out on an anion exchange column followed by conductimetric detection. It is
necessary to use chemical or electrochemical suppression.

NOTE Hydrogen bromide can be also detected using a UV-visible detector. In this case, chemical or
electrochemical suppression is not needed.

5.5.2.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.2 for general p
for thre-atabysisofhydrosenehtorideandhydrosenbromide byHP
to 5.5.2.11 is relevant.

rinciples of the method. However,
Hie-tformatipn in 5.5.2.6

5.5.2.6 Sampling

The following procedure has been found suitable; see AFNOR NF X70-100-1[4and AFNOR NF X70-100-
2.[15) Pump the fire atmosphere through a non-fritted then a fritted impinger, containing 75 ml and
150 ml, respectively, of distilled water, at 2 1/min for 20 min and record the total volume sampled. These
sampling parameters may be varied if necessary to suit conditions.

5.5.2.7 Analysis

5.5.2.7.1 Reagents

Liquld chromatography grade reagents should be usedwhere possible.
5.5.2.7.1.1 Absorbing solution, distilled watertor 0,1 M sodium hydroxide
5.5.2.7.1.2 Eluents, consisting of 0,001 7 M'sodium hydrogen carbonate and 0,001 8 M sodium carbonate

5.5.2.7.1.3 Stock chloride or bromide solution ~1 000 pg/ml Cl- or Br-
Diss¢lve sodium chloride (0,82-g}:and/or bromide (0,64 g) in 500 ml distilled water.

5.5.2.7.1.4 Standard chloride or bromide solution

Dilutle stock chloride @rybromide solution in distilled water contained in a volumetric flask 4nd make up
to volume in orderto/obtain several standard solutions. Prepare freshly each day.

5.5.2.7.2 Protocol

The $ample flow rate should be set at 2 ml/min.

Directanalysis of the unknown solution can be carried out. I he sample injection volume is 25 pl and it
is advisable to inject at least 10 times the volume to fill the sample loop completely.

5.5.2.8 Calibration

Standard chloride orbromide solutionsareinjected into the system and the detectorresponse ismonitored
by a chart recorder or an integrator. The peak area monitored is directly related to the concentration of
each standard solution. A calibration curve is then prepared for the chloride and/or bromide.

5.5.2.9 Calculations

Compare the peak area of the test solution corresponding to chloride and bromide ions with those
obtained for the calibration curve and calculate concentrations in the test atmosphere using Formula (5)
in 5.5.1.9.
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5.5.2.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in a mixture issued from trapping fire effluents from
various materials in water solution.[1]

For hydrogen chloride, for concentration around 4 mg/], repeatability has been estimated as 15 % and
reproducibility has been estimated as 35 %. For concentration around 37 mg/l, repeatability has been
estimated as 6 % and reproducibility has been estimated as 17 %. For concentration around 78 mg/],
repeatability has been estimated as 5 % and reproducibility has been estimated as 16 %.

For hydrogen bromide, for concentration around 2 mg/l, repeatability has been estimated as 6 % and
reproducibi ify has heen estimated as 15 94 For concentration around 34 mg/]’ rnppafq}'\ilify has been

estimated af 4 % and reproducibility has been estimated as 15 %.

5.5.2.11 Trueness

Trueness of|the method has been determined according to AFNOR NF X70-100-2[13] fire model.| This
determinatipn has been performed using reference PVC at known quantity, with.the hypothegis of
conversion df chloride present in the polymer exclusively into hydrogen chloride. Thebretical yield of HCl is
0,584 kg/kgl Value found (average of 3 determination) was less than 1,1 % different from theoretical yalue.

5.5.3 Hydrogen chloride and hydrogen bromide by titrimetry

5.5.3.1 Agpplication and limitations

These are cgvered in 5.5.3.2 to 5.5.3.4.

5.5.3.2 Sepsitivity and selectivity

This technique is capable of measuring within the fange over 4 ug/ml as chloride or bromide iojns in
solution. Fof measurement of high concentrations,.accurate dilution of the sample solution is necegsary.

This technique is specific to chloride and bromiide ions in aqueous solution. Important concentrafions
of hydrogen|cyanide or sulphide ions caninterfere. Details on method sensitivity and selectivity can be
found in Reflerence [17].

5.5.3.3 Other considerations

Depending ¢n proportions between Cl- or Br-, specific corrections may apply if both ions are pregsent.
The salts prpduced by precipitation reaction have different solubilities, according to Formula (6):

K
(LY SRPE ©
(KS )AgCl
There is a gbod’separation, with error below 5 % when the bromide and chloride mass concentrakions

are such that:

0,1< [CI_J <5 7)
5]

However, in other cases, measurement is less accurate due to precipitation of the two halides.
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5.5.3.4 Analysis principles

Chloride and bromide ions in an acid solution form a precipitate with silver ions (from a AgNO3 solution)
according to the following reactions:

Ag*T +Cl™ — AgCl

Ag™ +Br~ — AgBr

(8)

The titration method is carried out by measuring variations in potential U using a combined silver
electrode. The end of the reaction is indicated by a jump in potential caused by a sharp increase in the

conc

entration of free silver ions. The equivalent measurement point for all chloride and bro

ide ions in

solut
thes

If bo
bron

5.5.3

See (
analy
5.5.3

5.5.3

The {
2.[15]

150 1nl, respectively, of distilled water, at 2 I/mindfor 20 min and record the total volume san

samyj

5.5.3

5.5.3

5.5.3

5.5.3
and

5.5.3

Take
obta

ion is precisely determined on the potential curve U as function of the volume of AgN
plution.

th of these ions are present in analysed solution, then the first jump in potential-is ass
lide ions and the second with chloride ions.

.5 Procedure

[lause 4 for principles of sampling and C.9 for general principlés of the method. How]
rsis of hydrogen chloride and hydrogen bromide by titrimetry, the specific information
9 is relevant.

.6 Sampling

ollowing procedure has been found suitable; see AFNOR NF X70-100-1[1] and AFNOR
Pump the fire atmosphere through a non-fritted then a fritted impinger, containin

ling parameters may be varied if necessary to suit conditions.
.7 Analysis

.7.1 Reagents

.7.1.1 Nitric acid, in around 69 % solution

.7.1.2  Silver nitrate, solution with a known concentration cagno3 ranging between 0
,10 mol/I

.7.2 Protocol

avelume V7, in millilitres, of the solution to be analysed and add a sufficient volume of
nafinal pH less than 2. Stir the mixture and titrate with appropriate silver nitrate soluf

03 added to

bciated with

ever, for the
in 5.5.3.6 to

NF X70-100-
b 75 ml and
hpled. These

02 mol/1

nitric acid to
ion. Plot the

pote

P Iy £ - £41 h] £ A NI 13 1. .1 h 131 4. . +1
nidarcurve u d5 TUIICUIUIT U1 LI VOIUIIIC U AgINU 3 dUUTU LU LIIC SOUTULIOIT AU UCLET TITHIC LT

measurement volume Veq for each jump in potential.

equivalent

It is suitable to confirm association of jump potentials with chloride and bromide ions by addition of a
known aliquote of each of these ions.
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Iculations

If only one jump in potential is observed and confirmed to be associated with chloride ions by addition,

the total ma

ss, in milligrams, of HCl released during the test is equal to:

%4
HCI(mg) = ¢ agnos XVeq X7, Ml
1

where

CAgNO;

is the concentration, expressed in moles per litre, of the silver nitrate solution;

(9)

Veq

v
1

Mycl

If only one jy
the total ma

HBr(mg

where
€ AgNO;

Veq

74
1
Mygr

If two jump
chloride ion

is the volume of silver nitrate used at the inflexion point of the jump in potential gorre
sponding to the chloride ions, expressed in millilitres;

is the volume of the solution to be analysed, expressed in millilitres;
is the volume of the test sample, expressed in millilitres;

is the molar mass of HCI (36,45 g/mol).

imp in potential is observed and confirmed to be associated with bromide ions by add
ss, in milligrams, of HBr released during the test is equal to:

)=CagNo, XVeq XX Mypy
1

is the concentration, expressed in moles per litre, of the silver nitrate solution;

is the volume of silver nitrate.used at the inflexion point of the jump in potential corre
sponding to the bromide ions, expressed in millilitres;

is the volume of the solution to be analysed, expressed in millilitres;

is the volume of thetest sample, expressed in millilitres;

is the molariass of HBr (80,9 g/mol).

5 in potential are observed and confirmed to be associated respectively with bromidg
5 by-additions, the interpretation is more complex and two cases are possible.

tion,

(10)

p and

Case 1:

0,1<

o]
5]

<5

The total mass, in milligrams, of HBr and HCl released during the test is equal to:

HBr(mg

24

)=CagN0s XVeq1 XV_XMHBr
1

(11)
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V
HCI(mg)=c pgno, X(Vqu —Veq1 )XV_XMHCI
1

where

c

Veql

Inth

4 is the volume of the solution to be analyzed, expressed in millilitres;
1 is the volume of the test sample, expressed in millilitres;

Muc1  is the molar mass of HBr (80,9 g/mol).

7]

AgNO is the concentration, expressed in moles per litre, of the silver nitrate solution;
3

responding to the bromide ions, expressed in millilitres;

€q
corresponding to the bromide and chloride ions, expressed in millilitres;

CI_} <0,1 or [CI_} >5

5]

s case, the direct titrimetric method cannot correetly measure the amounts of chloride

1:2013(E)

(12)

is the volume of silver nitrate used at the inflexion point of the first jump in potential cor-

otential

ind bromide

ions.|The measurement can be achieved using titrimetry by adding a known quantity of the minor halide

and 1

5.5.3

Repédatability and reproducibility weteyestimated in a mixture issued from trapping fire ef

varid

For |

reproducibility has been estimated as 10 %. For concentration around 16 mg/I, repeatabil
estimhated as 2 % and repreducibility has been estimated as 10 %. For concentration arout
repeptability has been estimated as 3 % and reproducibility has been estimated as 4 %.

For N
repr

estimated as'4% and reproducibility has been estimated as 15 %.

5.6

hen subtracting this added halide from ther€sult of the measurement.

.9 Repeatability and reproducibility

us materials in water solution.[]

ydrogen chloride, for cpricentration around 4 mg/l, repeatability has been estimated

ydrogen bra@mide, for concentration around 7 mg/l, repeatability has been estimated
ducibility has been estimated as 34 %. For concentration around 16 mg/1, repeatabil

luents from

as 8 % and
ity has been
1d 165 mg/],

as 9 % and
ity has been

Hydrogen fluoride

5.6.1 Hydrogen fluoride by an ion-selective electrode (ISE)

5.6.1.1 Application and limitations

The method described has been successfully and reliably used for the analysis of hydrogen fluoride in
fire atmospheres as described in AFNOR NF X70-100-1[1] and in References [2],[18] and [19].

5.6.1.2 Sensitivity and selectivity

This

© ISO
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The nature of the fluoride-selective electrode (lanthanide fluoride) and the buffer solution makes this
method very specific for hydrogen fluoride.

Hydroxide ion and some metal ions can interfere, but addition of an ionic strength/pH-adjuster buffer
compensates for these.

5.6.1.3 Other considerations
Sampling equipment shall be non-reactive to HF. Losses are minimal compared to other techniques.

A trapping medium of approximately 1 M sodium hydroxide contained in non-fritted impingers has been
successfullyrused:

Lanthanide [Fluoride (LaF) crystal surface of ISE is subject to aging, inducing degradation of sensitjvity.
Laboratory has to take care of this aspect and ISE need regular care by polishing crystal surfaee. Sipnilar
care concerhs reference electrode.

5.6.1.4 Analysis principles

Thetestsolytionisbufferedat pH 6 to pH 8 with HCI (6 mol/1) and fluoride ions measured by determinption
of the electrpde potentials with fluoride selective and reference electrodes. Fluoride selective elecfrode
is made of Ljanthanide Fluoride (LaF) crystal. Reference electrode commenly used is classical Ag{AgCl
electrode sgecific to complex solutions.

5.6.1.5 Procedure

See Clause 4 for general sampling requirements and C.7 for:general principles of the method. However,
for the analysis of hydrogen fluoride by an ISE, the information in 5.6.1.6 to 5.6.1.11 is relevant.

5.6.1.6 Sampling

Because of the reactivity of HF, sampling lineg, probes etc. should be constructed from non-reactive
materials (e}g. PTFE).

5.6.1.7 Analysis

5.6.1.7.1 Reagents

Analytical grade reagents should be used where possible.
5.6.1.7.1.1 | Acetic acid for analysis

5.6.1.7.1.2 | Totalionic strength activity buffer (TISAB), pH 5,5 as supplied by an electrode mantifac-
turer or as grépared

Dissolve 37 g potassium chloride, 68 g sodium acetate and 36 g cyclohexylenediaminetetraacetic acid
(CDTA) in water. Adjust to pH (5 # 0,2) with hydrochloric acid. Dilute to 1 L.

5.6.1.7.1.3 Stock fluoride solution, ~100 pg/ml F-

Dissolve 0,221 1 g sodium fluoride (dried at 105 °C for 2 h) in deionised water and dilute to 1 1.

5.6.1.7.1.4 Standard fluoride solutions
Dilute stock fluoride solution by adding known amounts (up to 12,5 ml) to 25 ml of the TISAB solution

and make up to 50 ml with water, to obtain several standard solutions. Table 3 gives an example of the
calibration curve data.
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5.6.1.7.2 Protocol

Fluorine in the solution is quantified against calibration standards according to the procedure specified
by the manufacturer of the ISE instrument.

5.6.1.8 Calibration

The calibration standards are prepared with two solutions having F- concentrations of 1,9 x 10-1 ug/ml
and 1,9 x 102 pg/ml. Table 3 shows the calibration solutions which have been found to be suitable for a
range of fluorine concentrations.

Table 3 — Preparation of fluorine calibration solutions

Reagent Concentration of calibration solution
pg/ml
1,9 x 10-2 1,9 x 10-1 1,9 1,9 x 101 1,9 x 102
Volume of reagéntadded
mt
Solutjon with 1,9 x 102 pg/ml fluoride — — 0,2 2 20
Solutjon with 1,9 x 10-1 pg/ml fluoride 2 20 — — —
Watef 18 0 19,8 18 0
Buffer solution 20 20 20 20 20

The ¢alibration is not linear, but logarithmic for large variations of concentrations, due to Nernst law.

5.6.1.9 Calculations
The ¢oncentration of hydrogen fluoride in the test atmosphere is calculated from Formula (|13):

_ ppXV,s%x1,053

AHF V. xe (13)
whefe

AHF is the hydrogen fluoride concentration, expressed in grams per litre of atmosphere;

AF is the fluoride ions concentration in the absorbing solution, expressed in gramg of fluoride

ions per lityve of the solution;

1,053 istheconversion factor from F to HF, equal to 20/19;

Vas issthe total volume, expressed in litres, of absorbing solution;

| 2% is the volume, expressed in litres, of the test atmosphere sampled;

e is the collection efficiency of the trapping system, experimentally determined using a train

of two traps.

5.6.1.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in a mixture issued from trapping fire effluents from
various materials in 1 M NaOH solution.[1] For concentration around 1 mg/l, repeatability has been
estimated as 7 % and reproducibility has been estimated as 25 %. For concentration around 357 mg/|,
repeatability has been estimated as 2,5 % and reproducibility has been estimated as 6 %.

© IS0 2013 - All rights reserved 27


https://standardsiso.com/api/?name=6f94998ae1871a11fcd138a0f0c12429

ISO 19701

5.6.1.11 Tr

:2013(E)

ueness

Values found during interlaboratory trial were compared with technique by colourimetry (SPADNS)
presented in AFNOR NF X70-100-1.[1] Results were comparable for high concentrations (at about
350 mg/l) at less than 2 %. Colourimetric method (SPADNS) is not suitable for low concentrations
and is not considered in the present standard. This method allows repeatability around 6 % for high
concentrations.[1]

5.6.2 Hydrogen fluoride by high performance ion chromatography (HPIC)

5.6.2.1 A plirnﬁnn and limitations
See 5.6.2.2 4nd 5.6.2.3.
5.6.2.2 Sepnsitivity and selectivity

This technid
solution. For

This technid
of the resulf]

Other anion
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5.6.2.3 Ot

Glass mater
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the trapping

0,1 M sodiun hydroxide solution may be used.férlow HF content solutions.

5.6.2.4 Aj

The separaf
Chemical su

5.6.2.5 Pr

See Clause 4
for the analy

[ppression shall be used.

measurement of higher concentrations, accurate dilution of the samplée'solution is neces

ueis specificto fluoride ions in aqueous solution. Co-elutants cantinterfere with the accy
S.

5 can also be analysed by this technique with appropriatétrapping solutions.

ethod sensitivity and selectivity can be found in Reference [17].

her considerations

als are not suitable because of the reactivity of HF. Non-reactive materials and equip
" other plastics such as PVC and PE) shalbe used. One M sodium hydroxide may be us
solution. This will trap a wider range of anions and can allow longer storage of samp

alysis principles

ion is carried out on @h;anion exchange column followed by conductimetric detec

ocedure

for principles of sampling and C.5.1 and C.5.2 for general principles of the method. How
rsis of hyiddpogen fluoride by HPIC, the specific information in 5.6.2.6 to 5.6.2.10 is reley

5.6.2.6 Sa|mpling

jue is capable of measuring within the range of 0,05 pg/ml to 50 ug/ml as fluoride ions in

sary.

[racy

ment
ed as
es. A

tion.

ever,
ant.

The following procedure has been found suitable; see AFNOR NF X70-100-1[1] and AFNOR NF X70-100-2.
[15] Pump the fire atmosphere through three non-fritted impingers, each containing 75 ml of 1 M sodium
hydroxide, at 2 I/min for 20 min and record the total volume sampled. These sampling parameters may
be varied if necessary to suit conditions.

5.6.2.7 Analysis

5.6.2.7.1 Reagents

Liquid chromatography grade reagents should be used where possible.

5.6.2.7.1.1

28

Absorbing solution, 1 M sodium hydroxide
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5.6.2.7.1.2 Eluents, 0,000 3 mol/l sodium hydrogen carbonate and 0,002 7 mol/l sodium carbonate

5.6.2.7.1.3 Stock fluoride solution, ~1 000 pg/ml F-

Dissolve 1,10 g sodium fluoride in 500 ml distilled water.

5.6.2.7.1.4 Standard fluoride solutions

Dilute stock solution in distilled water contained in volumetric flasks and make up to volume in order to
obtain several calibration solutions. Prepare freshly each day.

5.6.2.7.2 Protocol

The gsample flow rate should be set at 1,5 ml/min.

ed to avoid
or with pH

Befo
inter
adjug

e injecting the sample into the chromatograph, it is important that it-be-neutralif
ferences with the F- peak. Neutralization should be carried out withysulphuric acid
tment cartridges.

Dire 25 ul and it

is ad

't analysis of the unknown solution can be carried out. The sampleinjection volume ig
yisable to inject at least 10 times the volume to fill the sample 160p completely.

5.6.2.8 Calibration

or monitors
ch standard

Stan
the d|
soluf

ard solutions of fluoride are injected into the systemiand a chartrecorder or an integra
etector response. The peak area monitored is directly related to the concentration of ed
ion. A calibration curve is then obtained.

5.6.2.9 Calculations

pare the peak area of the test solutioh.corresponding to fluoride ions with those obtdined for the

ration curve and calculate atmospheric concentrations using Formula (13) in 5.6.1.9.

Com
calib

5.6.1.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in a mixture issued from trapping fire effluents

from|

has been estimated as.25 % (no repeatability was calculated). For concentration aroun

repr
14,8

5.7
Oxid

various materials ifi 1 ‘M NaOH solution.[2] For concentration around 1,03 mg/], rey

pducibility has beeh estimated as 17 % (no repeatability was calculated). For concentrg
Img/l, repeatdbility has been estimated as 6,1 % and reproducibility has been estimatg

Oxides of nitrogen

ps-ofinitrogen are reactive species. There are a lot of equilibriums between them, d

tem

roducibility
1 2,11 mg/],
tion around
d as 8,1 %.

bpending on

erdture and oxygen concentration Faor nvamp]n’ nitric nvidn (]\Iﬂ} reacts "A'H.th fakas

ben to form

nitrogen dioxide (NOz). Depending on concentration, it should be assumed that the conversion of NO
into NO2 could be slow enough and neglected. Nevertheless, the user of analytical techniques described
hereunder for nitric oxides has to take care of these considerations to interpret the result of its
measurement and a possible deviation between gas expected and gas analysed.

5.7.1 Oxides of nitrogen by chemiluminescence

5.7.1.1 Application and limitations

Continuous or delayed analysis of oxides of nitrogen (NO,) is possible, and the analysers are self-
contained units containing all sampling, analysis and electronics hardware with direct readout of nitric
oxide (NO) or combined NO and nitrogen dioxide (NO2) from which the NO; concentration is estimated
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by difference. However, other nitrogen compounds can be detected as NOy The use of specifically
designed modern instruments is recommended, even if some interference can occur.

5.7.1.2 Sensitivity and selectivity

Typical sensitivities routinely achievable are less than 1 pL/L NOy. Nitrogen-containing compounds
other than NO can be detected as NOy. In the NOy “mode”, background interferences can be higher than
10 % of the reading.

In terms of selectivity, some interference can occur during the chemiluminescence analysis of NOy in

fire effluent

S.

There a
The med

H>0, CQ
analysiy
depend
gas bag
interfer
analysiy

5.7.1.3 Ot

Instruments
which use a
of the carbo

Practical us
time intervd
as opposed
Adoption of
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required to

5.7.1.4 Ar

Chemilumin
dioxide (NO|
decaying, ef

The light in{
the sample.
is passed th

re five main oxides: N20, NO, N203 NOz and N20s5 and chemical equilibriums betweent
surement with achemiluminescence apparatus represents, then, not solely the sum.dfNO +

, CO2, 02 and HNO3 have been shown to interfere significantly in the chemiluminesg

of nitrogen oxides in fire effluents. These interferences can be positive or neg
ng on the gases concerned. In the case of a delayed analysis with a sample collectec
these interferences have been shown to decrease as the fire effluenits (gas of interes
ing gases) are diluted. Quantification of these interferences can be-achieved only by sep
of the individual components using the same instrument.

her considerations

carbon-based converter actually increase interferences and require periodic replace
h material.

b of the instruments has shown that some drift of calibration can occur over relatively

to air in the ozone generator will leadito greater linearity and increased signal stre
this procedure, however, requires.oxygen-tolerant materials in the pumping systems.

bns of both NO2 and NO can be derived and it should be noted that these species are
be separately analysed, as the.entity “NOy” has limited value in toxic-hazard assessme

Jalysis principles

escence refers tosthe light emitted when nitric oxide (NO) reacts with ozone. Nity
b) is producedsa-small proportion of which is in an electronically excited state whic
hits light with.awavelength of between approximately 0,6 pm and 3,0 pm.

ensity iSumeasured by a photomultiplier and is proportional to the concentration of ]

rough'a “converter” where the NO3 is reduced to NO. The resulting signal is then from

hem.
NO3.

ence
htive,
ina
[ and
hrate

with a molybdenum-based NO; to NO converter are'vfecommended, as older instruments

ment

thort

s (i.e. over the period of a fire test) and-allowance should be for this. The use of oxygen

hgth.

bften
nt.

ogen
h, on

NO in

NO2 does not exhibit chemiluminescence and if analysis of NO; is required, the whole sajmple

both

the original

NO/content and the NO» content, the latter being obtained by difference.

5.7.1.5 Pr

ocedure

The instruments normally need only to be powered for a short period to allow the converter to achieve
the required temperature and to stabilize the electronics. A separate twin pumping system may be
utilized for sample inlet and for the chemiluminescence detector when operated at low pressure.

See Clause 4 for principles of sampling and C.8 for general principles of the method. However, for the
analysis of nitrogen oxides by chemiluminescence, the specificinformationin 5.7.1.6 to 5.7.1.11 is relevant.
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5.7.1.6 Sampling

It is essential that the sample stream entering the instrument be treated to remove particulate and
vapours condensable under ambient conditions. Simple in-line glass wool and calcium chloride filters

have

been found to be effective.

5.7.1.7 Analysis

There is no requirement for additional analytical procedures.

5.7.1

.8 Calibration

Calib

ration is achieved through sampling standard gas mixtures of nitric oxide in ait\or

supplied commercially. Standard gases of nitric oxide in nitrogen are preferred, as theyare

in ni
cont
“zer(

5.7.1

Ther]
(mor
the “

Note|
a ling
selea

5.7.1

Rep¢
AFN

For 1
repr

frogen than in air. For checking the converter efficiency and the response _te NOy, g

hining NO2 can be obtained but they are only stable for relatively short periods. Zer
grade” air or nitrogen, commercially available.

.9 Calculations

e are no calculations required for the NO concentration, which-is provided as a direc|
e usually) through connection to electronic recording apparatus. For NO; the differe

NO,” signal after conversion and the NO signal is an estimation of the NO; concentratij:

that some instruments have a nonlinear scale but have the electronic output correcte

ar signal. This linear signal ranges between fixed-Vvalues and does not usually take intd

ted concentration range.

.10 Repeatability and reproducibility

atability and reproducibility were estimated on yields in fire effluents from various m
DR NF X70-100-2 fire model.[13]

itrogen monoxide (NO), for yield around 0.47 mg/g, repeatability has been estimated
ducibility has been estimated as more than 100 %. For yield around 1,54 mg/g, repe

nitrogen as
more stable
as mixtures

gas can be

t readout or
ce between
n.

d to provide
account the

aterials(l] in

as 15 % and
htability has

been
repe

estimated as 53 % andreproducibility has been estimated as 94 %. For yield aroungd
htability has been estimated as 20 % and reproducibility has been estimated as 35 %.

| 6,65 mg/g,

s 21 % and
n estimated
htability has

For 1
repr
as 54
been

itrogen oxides (NOy), for yield around 0.82 mg/g, repeatability has been estimated
ducibility hasbeen estimated as 75 %. For yield around 2,26 mg/g, repeatability has bee
% and reproducibility has been estimated as 70 %. For yield around 11,25 mg/g, repe
estimated\as 21 % and reproducibility has been estimated as 53 %.

Thes|
the f

e repeatabilities and reproducibilities were determined on different sample tests and doncern both

remodel and the analysis.

5.7.1.11 Trueness

Values found during interlaboratory trial were compared to technique by FTIR according to ISO 19702[4]
using AFNOR NF X70-100-2 fire model.[15]

For nitrogen monoxide (NO), results were 60 % different for yields over 1 mg/g. For nitric oxides
(considered for FTIR as the sum of NO, NOz and N20), results were 16 % different for yields over 10 mg/g.

5.7.2 Nitrogen dioxide by high performance ion chromatography (HPIC)

5.7.2.1 Application and limitations

See 5.7.2.2 and 5.7.2.3.
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nsitivity and selectivity

This technique is capable of measuring within the range of 0,5 pg/ml to 50 pg/ml as nitrite and nitrate ions
in solution. For measurement of higher concentrations, accurate dilution of the sample solution is necessary.

This technique is specific to nitrite and nitrate ions in aqueous solution. Co-elutants can interfere with
the accuracy of the results.

Other anions may also be analysed at the same time.

Details on method sensitivity and selectivity can be found in Reference [17].

5.7.2.3 Ot

Only NO3 c4
which disso

2NO,
N,0, +]
5.7.2.4 Ar

The separaf

her considerations

n be analysed using HPIC. At working temperatures, NOy is in the form of a dimer ]
Ciates in aqueous solution to NO, and NO 3 ions as shown in the following Formulae (1

N204
1,0 ZH'NO; +H'NO3
jalysis principles

ion is carried out on an anion-exchange column followed by conductimetric detec

Chemical suppression shall be used.

5.7.2.5 Pr

See Clause 4|
for the analy

ocedure

for principles of sampling and C.5.1 and C.5.2for general principles of the method. How

5.7.2.6 Sampling

The followi

g procedure has been found suitable; see AFNOR NF X70-100-1[11 and AFNOR NF X70-1

[15] Pump thie fire atmosphere through anoen-fritted then a fritted impinger, containing 75 ml and 15

respectively

5.7.2.7 Arn

alysis

5.7.2.7.1

eagents

Liquid chrofnatography(grade reagents should be used where possible.

5.7.2.7.1.1 | Absorbing solution, 0,1 M sodium hydroxide

rsis of nitrogen oxides by HPIC, the specificinformation in 5.7.2.6 to 5.7.2.10 is relevant:

of 0,1 M sodium hydroxide) at 2 1/min for 20 min and record the total volume sampled,

N204,
4):

(14)

tion.

ever,

00-2.
Oml,

5.7.2.7.1.2

5.7.2.7.1.3

Eluents, 0,001 7 M sodium hydrogen carbonate and 0,001 8 M sodium carbonate

Stock nitrite solution, approximately 1 000 pg/ml NO;

Dissolve 0,75 g sodium nitrite in 500 ml distilled water.

5.7.2.7.1.4

Stock nitrate solution, approximately 1 000 pg/ml NO3-

Dissolve 0,69 g sodium nitrate in 500 ml distilled water.

32
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5.7.2.7.1.5 Standard nitrite and nitrate solutions

Dilute the stock solution (5.7.2.7.1.3 or 5.7.2.7.1.4) in distilled water contained in volumetric flasks and
make up to volume in order to obtain several calibration solutions. Prepare freshly each day.

5.7.2.7.2 Protocol

Flow rate should be set at 2 ml/min. Direct analysis of the unknown solution can be carried out. The
sample injection volume is 25 pl and it is advisable to inject at least 10 times the volume to fill the sample
loop completely.

5.7.2.8 Calibration

Stanflard solutions of nitrite and nitrate are injected into the system and a chartrecorderor gn integrator
monitors the detector response. The peak area monitored is directly related to the concentration of each
stanglard solution. A calibration curve is then obtained.

5.7.2.9 Calculations

Compare the peak area of the test solution corresponding to nitrite and nitrate ions with thgse obtained
for the calibration curve and calculate atmospheric concentrations tsing Formula (15):

M
NO,
X X
pNO§ Myo +pNO§ Vas
3
ANo, = (15)
Vi Xe
whertte
ANO is the Nitrogen dioxide-equivalent concentration, expressed in grams per litr¢ of atmos-
2 phere;
ANOS is the nitrite ions concentration in the absorbing solution, expressed in gramg of nitrite
2 ions per litre of the solution;
ANOS is the nitrate ions.concentration in the absorbing solution, expressed in grams of nitrate

ions per litre-ofthe solution;

Myo,  is the conversion factor from nitrates to nitrites, equal to 0,742;

JWNO?’

Vas 15'the total volume, expressed in litres, of absorbing solution;

Vea is the volume, expressed in litres, of the test atmosphere sampled;

e is the collection efficiency of the trapping system, experimentally determined using a

train of two traps.

5.7.2.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in a mixture issued from trapping fire effluents from
various materialsin 0,1 M NaOH solution.[1] For yield around 0,03 mg/g, repeatability has been estimated
as 67 % and reproducibility has been estimated as more than 100 %. For yield around 0,87 mg/g,
repeatability has been estimated as 36 % and reproducibility has been estimated as more than 100 %.
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5.7.3 Nitrogen monoxide (Nitric oxide) by Gas-Filter correlation Infra-Red (Gfx-IR)

5.7.3.1 Application and limitations

The method provides a continuous analysis/monitoring capability for nitrogen monoxide, based on IR
absorbance. The analysers are commonly self-contained instruments and include sample pumps, sample
filtering, analysis hardware and electronics. Direct readout of nitrogen monoxide concentration is
usually provided (either digital or analogue) together with an output for connecting recording devices.

5.7.3.2 Sensitivity and selectivity

Instruments

are available for measuring nitrogen monoxide frombelow 1 pul/1to 5000 pul/1(0,5 %) and

with a commpon resolution of 0,1 % of the selected range. Interferences with water have been describ
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ocedure
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| that the samplestfeam entering the instrument be treated to remove particulates, y
5 condensable{uyider ambient conditions. Simple in-line glass wool and calcium chl
been found t0 be effective. Sample flow rates on the order of a few litres per minut

le lineswrith a higher flow rate can be used with the instrument sample port “teed” into
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where the'sampling point is many metres away from the instrument, a separately punped,

this.

There is no requirement for additional analytical procedures.

5.7.3.8 Calibration

Calibration is achieved through the introduction of standard (preferably certificated) gas mixtures and
“zero gas” (which may be high-purity nitrogen) as provided commercially in pressurized cylinders. It is
desirable to calibrate the instrument by introducing the sample both at the inlet port and at the remote
sampling point. On multi-range instruments, it is usually possible to calibrate on the lowest range if more
than one range is to be routinely used. However, calibration within the range to be used for measurement
is recommended. It should be noted that the ambient concentration could vary significantly from these
values depending on location. It is, therefore, important to recognize that a significant ambient reading
can be obtained at the beginning of a fire experiment due to local conditions. The calibration and the
analysis of the fire effluents shall be carried out using the same flow-rate through the analyser.
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5.7.3.9 Calculations

There are no calculations required; the nitrogen monoxide concentration is obtained by direct readout
or (more usually) through a connection to an electronic recording apparatus.

Note that some instruments have a nonlinear scale but have the electronic output corrected to provide
a linear signal. This linear signal ranges between fixed values and usually does not take account of the
selected concentration range.

5.7.3.10 Repeatability and reproducibility

Rep FX70-100-2

fire model.[13] No determination of reproducibility is available yet.

For yield around 0,48 mg/g, repeatability has been estimated as 48 %. For yield-around 1,05 mg/g,
repeptability has been estimated as 42 %. For yield around 5,46 mg/g, repéatabiliy has been
estimated as 35 %.

Thesge repeatabilities were determined on different sample tests and corcern both the firge model and
the analysis.

5.7.3.11 Trueness

Valug¢s found duringinterlaboratory trial were compared with te€chnique by FTIR according to[ISO 19702[4]
using AFNOR NF X70-100-2 fire model.[13] Results were 30 % different for yields over 4 mg/g.

5.8 | Acrolein
5.8.1 Acrolein by colourimetry

5.8.1.1 Application and limitations

See §.8.1.2 to0 5.8.1.4.

5.8.1.2 Sensitivity and selectivity

This[technique is capablelofimeasuring 0,5 pug acrolein in the aliquot taken.

Small positive interfepences arise from 1,3-pentadiene, crotonaldehyde, furan and furfuraldehyde.
Therg is no interference from formaldehyde or acetaldehyde.

5.8.1.3 Other considerations

The bistlphite test solution can be used to analyse for both acrolein and formaldehyde.

5.8.1.4 Analysis principles

Acrolein is collected in 1 % sodium metabisulphite contained in fritted bubblers, then analysed
colourimetrically within a few hours of sampling by the modified mercuric chloride/hexylresorcinol
procedure.

The reaction of acrolein, with 4-hexylresorcinol in ethyl alcohol-trichloroacetic acid solvent medium
in the presence of mercuric chloride, results in a blue product with a strong absorption maximum at
approximately 605 nm; see References [20],[21].
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5.8.1.5 Procedure

See Clause 4 for principles of sampling and C.4 for general principles of the method. However, for the
analysis of acrolein by colourimetry, the specific information in 5.8.1.6 to 5.8.1.10 is relevant.

5.8.1.6 Sampling

Pump the fire atmosphere through a fritted bubbler containing 20 ml of a 1 % sodium metabisulphite
absorbing solution at 0,4 1/min for 4 min to 5 min and record the total volume sampled. These sampling
parameters may be varied if necessary to suit the conditions.

5.8.1.7 Analysis

5.8.1.7.1 Reagents

Analytical grade reagents must be used.

5.8.1.7.1.1 | Absorbing solution

Dissolve 10 g sodium metabisulphite in1 1 distilled water. Prepare freshly each day.

5.8.1.7.1.2 | Ethanolic mercuric chloride solution, 0,6 %

Dissolve 1,5|g mercuric chloride in 250 ml 95 % ethanol.

5.8.1.7.1.3 | Solution of mercuric chloride in 4-hexylresorecinol

Dissolve 1,5(g 4-hexylresorcinol in 30 ml of reagent (5:8¢1.7.1.2). This solution is stable for three weeks
if kept refrigerated.

5.8.1.7.1.4 | Saturated trichloroacetic acid (T'CCA) solution

Add 5,1 ml distilled water and 5,6 ml ethariol to 100 g TCAA and warm until dissolved.

5.8.1.7.1.5 | Standard acrolein solution, 16,8 ug/ml

Dissolve 5,0[ul acrolein approximately 2 ml in ethanol contained in a vial and immediately add to 250 ml
1,0 % sodium metabisulphit€soelution contained in a conical flask. Prepare freshly every day.

5.8.1.7.2 Protocol

To a semi-mjcro testtube, add an aliquot of test solution containing up to 20 pg acrolein. Add 1 % sofium
metabisulphiteq{ifinecessary) to give a total volume of 2,4 ml. Then add in turn

0,6 ml of rercuricchioride/=hexylresorcinot Teagemt;
3,0 ml of the TCAA reagent.

Stopper, clip and shake test tube and immerse in a water bath at 60 °C for 45 min. Remove from water
bath, cool and centrifuge. After a total reaction time of 90 min, read the absorbance in a 1 cm cell at
approximately 605 nm (corresponding to the maximum absorbance of the standard solution) against a
reagent blank solution.

5.8.1.8 Calibration
Prepare calibration standards containing 10,1 pgand 20,2 pgacrolein using 0,6 mland 1,2 mlaliquots of the

standard acrolein solution (see 5.8.1.7.1.5). Make up the volume to 2,4 ml with 1 % sodium metabisulphite
and develop the colour as described above. Standards should be included with each set of analyses.
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5.8.1.9 Calculation

Compare the absorbance of the test solutions with that obtained for the calibration standards and
calculate atmospheric concentrations using Formula (16):

— pasXVas (16)

a
Vi, Xe

where

pa s the acrolein concentration, expressed in grams per litre of atmosphere;

fas is the acrolein concentration in the absorbing solution, expressed in grams of acfolein per litre
of the solution;

Vas is the total volume, expressed in litres, of absorbing solution;
Vta is the volume, expressed in litres, of the test atmosphere sampled;

¢ is the collection efficiency of the trapping system, experimentatly-determined using a train of
two traps.

5.8.1.10 Repeatability and reproducibility

No data are available yet.
5.8.2 Acrolein by high performance liquid chromatography (HPLC)

5.8.2.1 Application and limitations

See §.8.2.2 t0 5.8.2.3.

5.8.2.2 Sensitivity and selectivity.
The limit of detection is 0,01,4g/ml of acrolein (in the form of hydrazones) in solution.

No khown interference except with possible co-elutants.

5.8.2.3 Other considerations

Chlofoform used™to extract the 2,4-dinitrophenylhydrazone from the adsorbing solutior] is miscible
with([the eluéntat bestin a 1:10 ratio. The solution of extraction has to be diluted at least 10|times in the
eluent before injection.

Thismethod permits the analysis of several other aldehvdes and ketones at the same timel A sufficient
running time (about 30 min) is necessary to ensure all the peaks have been eluted.

It should also be noted that the trapping solution is very reactive towards ketones and aldehydes. The
laboratory environment and apparatus should therefore be free from these compounds.

5.8.2.4 Analysis principles

Acrolein is converted to its 2,4-dinitrophenylhydrazone which is not soluble in an aqueous medium.
2,4-dinitrophenylhydrazone is then extracted with chloroform before being analysed.

The separation is carried out on a reverse-phase column (for example, C18) followed by ultraviolet
detection or by atmospheric pressure chemical ionization-mass spectrometry (APCI-MS); see References
[22],[231,[241,[25].[26].
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5.8.2.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.3 for general principles of the method. However,
for the analysis of acrolein by HPLC, the specific information in 5.8.2.6 to 5.8.2.10 is relevant.

5.8.2.6 Sa

mpling

The following procedure has been found suitable; see AFNOR NF X70-100-1[11 and AFNOR NF X70-100-2.
[15] Pump the fire atmosphere through 2 non-fritted impingers, containing 250 ml of 2 M chlorhydric acid
saturated with 2,4-dinitrophenylhydrazine at 2 1/min for 20 min and record the total volume sampled.
These sampling parameters may to be varied if necessary to suit conditions.

Extract the 2,4-dinitrophenylhydrazone with 2 aliquots of 250 ml of chloroform.

5.8.2.7 Analysis

5.8.2.7.1 Reagents

Liquid chroInatography grade reagents should be used where possible.

5.8.2.7.1.1 | Absorbing solution, 2 M chlorhydric acid saturated with 2,4-dinitrophenylhydrazine
5.8.2.7.1.2 | Eluent, methanol /water, 65/35

5.8.2.7.1.3 | Chloroform

5.8.2.7.1.4 | Stock DNP-acrolein solution, approximately 100 pg/ml

Dissolve 0,0

5.8.2.7.1.5

Dilute stocKk
obtain sevel

5.8.2.7.2

Flow rate sh
(240 nm can

Dilute the e}

Analysis of 1

1 g dry and purified hydrazone derivatite of acrolein in 100 ml of chloroform.

Standard solutions

solution contained in volumetric flasks with eluent and make up to volume in order to

al standard solutions between 0,1 mg/l and 10 mg/l. Prepare freshly every day.

Protocol

buld be setatabelit'l ml/min (depending on the column) and detection is carried out at 36
also be suitable’if the solution does not contain other absorbing compounds that interfe

tractedunknown solution at least 10 times with eluent.

heinknown solution can then be carried out. The sample injection volume is 20 ul an

0 nm
re).

] it is

advisable to

inject at least 10 times the volume to fill the sample loop completely.

5.8.2.8 Calibration

Standard solutions are injected into the system and a chart recorder or an integrator monitors the
detector response. The peak area monitored is directly related to the concentration of each standard
solution. A calibration curve is then prepared.
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5.8.2.9 Calculations

Compare the peak area of the test solution corresponding to hydrazone derivative of acrolein with those
obtained for the calibration curve and calculate atmospheric concentrations using Formula (17):

— PDNP-acr. ><Vas x0,237

Pa (17)
Vi, Xe
where
Pa is the acrolein concentration, expressed in grams per litre of atmosphere;

ADNP-acr. is the hydrazone concentration in the absorbing solution, expressed in grarisof hydra-
zone per litre of the solution;

(9,237 is the conversion factor from DNP-acrolein to acrolein equal to 56/236;

Ias is the total volume, expressed in litres, of absorbing solution;
Vea is the volume, expressed in litres, of the test atmosphere sampled;
€ is the collection efficiency of the trapping system, expenimentally determined using a

train of two traps.

5.8.2.10 Repeatability and reproducibility

Repdatability was estimated on yields in fire effluent$l] in AFNOR NF X70-100-2 fire model.|[13] For yield
aroupd 0,07 mg/g, repeatability has been estimatedas 130 % and reproducibility has been ¢stimated as
228 Y. For yield around 3,54 mg/g, repeatability has been estimated as 2,5 % and reprodpcibility has
been|estimated as 63 %.

5.8.3 Acrolein by solid-state trapping and HPLC

5.8.3.1 Application and limitations

See §.8.3.2 to0 5.8.3.3.

5.8.3.2 Sensitivity and selectivity
The limit of detection is 0,01 pg/ml of acrolein (in the form of hydrazone) in solution.

No khown interference except with possible co-elutants.

5.8.3.3-.. 'Other considerations

Acetonitrile or chloroform used to extract the 2,4-dinitrophenylhydrazone from the adsorbing solution
has to be diluted at least 10 times in the eluent before injection.

This method permits the analysis of several other aldehydes and ketones at the same time. A sufficient
running time (about 30 min) is necessary to ensure all the peaks have been eluted.

5.8.3.4 Analysis principles

Acrolein is sampled on cartridges containing silica gel coated with 2,4-dinitrophenylhydrazine (DNPH).
Due to their reactivity, aldehydes have to be stabilized prior to analysis. During sampling, they are thus
derivatized by reaction with DNPH in order to form hydrazones.

The cartridges are subsequently extracted with acetonitrile. The collected hydrazones are separated
by reversed-phase column (for example, C18) in a High Performance Liquid Chromatography (HPLC).
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The column is followed by ultraviolet detection or by atmospheric pressure chemical ionization-mass
spectrometry (APCI-MS); see References [22],[23],[24],[25],[26]. This method is also suitable for all
other aldehydes and ketones.

5.8.3.5 Sampling

The following procedure has been found suitable. Pump the fire atmosphere through 2 cartridges
containing silica gel coated with 2,4-dinitrophenylhydrazine (DNPH) placed in series at 2 1/min for
20 min and record the total volume sampled. These sampling parameters may to be varied if necessary
to suit conditions.

Extract the v, 4-dinitrophenylhydrazone with 2 aliquots of 20 ml ot acetonitrile or chlorotorm.

5.8.3.6 Analysis

The analysis is performed as stated in 5.8.2.7.

5.8.3.7 Callibration

The calibratiion is performed as stated in 5.8.2.8.

5.8.3.8 Callculations

Calculation |s performed as stated in 5.8.2.9.

5.8.3.9 Rdpeatability and reproducibility

No data has|been collected yet.
5.8.4 Acro¢lein by GC-MS in gas-phase

5.8.4.1 Application and limitations

Acrolein is qollected in gas phase, then.analysed by GC-MS.

5.8.4.2 Sepnsitivity and selectivity
The limit of detection is 0,04 ul/T of acrolein in gas phase.[2]
No known ipterference.

The method|is also adapted to determine concentrations in carbon disulphide, benzene, toluene, xylene,
styrene, acrjylonitrile, formaldehyde and acetaldehyde.

5.8.4.3 Analysisprineiples

Acrolein is collected in suitable gas bag, then analysed in gas phase. The separation is carried out on
a capillary column followed by a MS “quadrupole” mass selective detector used in Electronic Impact
mode; see References [2],[27],[28]. Quantification is performed with analysis of total ionic current (TIC)
obtained on fragments.

5.8.4.4 Sampling

The following procedure has been found suitable. Pump the fire atmosphere in a gas bag at 2 1/min for
20 min and record the total volume sampled. These sampling parameters may to be varied if necessary.
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5.8.4.5 Analysis

5.8.4.5.1 Analytical conditions

The conditions proposed hereunder have been found suitable for such analysis. These parameters may
to be varied if necessary.

5.8.4.5.1.1 GC separation

This
to el

5.8.4.5.1.2 MS detection

Deteftion is ensured by a MS detectop type quadrupole mass selective detector in Electr
(fragmentation). The time interval selected is one spectrum every 1.5 s on the fragments ol

scre
elim

5.8.4.5.1.3 Quantification

Analysis is done using Total lonic current (TIC). Libraries such as NIST library are used fo

reco
qua

analysis). The'peak areas representative of the compounds to be analysed are compared to
by the staridards and the concentration of compounds is calculated using TIC chromatograrn
fragments of each compound. Fragmentation of acrolein is described in the following table:

1+— initial temperature: 2°C or lower for 6 min (oven cooled withliquid N3) (the objectiy

Splitless injection in pulsed mode of the volume of gas with an automatic valve equipped with an

stainless steel loop of 0.5 ml.

Fas vector: helium (1 ml/minute), flow of gas vector 3 ml/min at the injection for 12.s-f
flow rate of gas vector of 1 ml/minute.

Lapillary column, stationary phase: 5 % methylphenylsilicone or equivalent, Length 3
internal diameter: 0.25 mm, thickness of non polar phase (reverse phase)0.25 um.

Furnace ramp:

the lost of low boiling point compounds),

followed by a temperature ramp: 15°C/min until 180°C, in order to elute high h
compounds,

180°C until the end of analysis.

temperature programme allows a first separation of volatile compounds and the peal
hite the gases with high boiling points and te‘eliminate other heavy compounds from tH

éning from 25 m/z to 200-myz. This enables the fragments of air injected in the inlef
inated without loss of the compounds to be analysed.

pnition of cempounds. A standard containing the required gas is prepared by injectior]
tity of acrolein in a 40-1 bag containing air. (The mixture must be prepared the sam

bllowed by a

D m at least,

e is to avoid

oiling point

k of air, then
e column.

onic impact
tained after
valve to be

- qualitative
of a known
e day as the
those given
h on specific

Table 4 — Fragmentation of acrolein in analytical conditions proposed

Importance of other

Compound

Principal peak (parent)
atm/z
(normalized to 100 %)

fragments in %
compared to parent
peaks
(>50 % compared to
parent)

Typical retention
times
(minutes)

Fragments used for
quantification
(inm/z)

acrolein

27

4 fragments
56 (74 %) = molar
26 (54 %)

28 (65 %)

55 (52 %)

2.4

56
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5.8.4.6 Calibration

Standard gas mixtures are prepared by injecting acrolein into a gas collection bag containing 40 1 of air.
Analytical grade chemicals are used and purity is considered in calculation of final concentrations. The
bag is then warmed to ensure evaporation of the liquid acrolein and samples are then taken from the
bag for analysis in the GC-MS.

Acrolein is injected in gas bags using a syringe to prepare a range of concentration as shown in the table
below.

Table 5 — Preparation of gas standards of acrolein

Reagent Volume of acrolein introduced
ul
10 | 20 | 50 | 100 | 200 | 250 | 500 | 1000 [,20000 | 50,0

Volume of gas bag: 40 L

Mass of acroldin introduced in gas
bag (mg) 0.84 1.68 | 4.21 8.41 16.8 21.0 421 84.1 168 10

Concentratior] of acrolein (mg/m3)
(assuming a perfect gas at 20°C,
101 325 Pa) 21.0 42.1 105 210 421 526 1051 2102 | 4205 | {256

If other gasds are analysed at the same time, it is often needed to preparethem in separate gas standards
because of the immiscibility of some compounds.

5.8.4.7 Callculations

No further [calculation is required. The method compares directly TIC from samples to standards
expressed i mg/m3.

5.8.4.8 Rdpeatability and reproducibility

No data has|been collected yet.
5.9 Formaldehyde
5.9.1 Formaldehyde by colgurimetry

5.9.1.1 Application andlimitations
See 5.9.1.2 and 5.9.1.3,

5.9.1.2 Sepsitivity and selectivity

This technique is capable of measuring 0,2 ug formaldehyde in the aliquot taken.

There is very little interference from other aldehydes. Saturated aldehydes give less than 0,01 %
positive interference. Unsaturated aldehydes, e.g. acrolein, result in a few percent positive interference.
Ethanol and higher molecular weight alcohols and olefins in mixtures with formaldehyde are negative
interferences.[29]

5.9.1.3 Other considerations

The bisulphite test solution can be used to analyse for both formaldehyde and acrolein.
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5.9.1.4 Analysis principles

Formaldehyde is collected in 1 % sodium metabisulphite contained in fritted bubblers, then analysed
colourimetrically within 24 h of sampling using a chromotropic acid (CTA) reagent.

Chromotropic acid (1,8-dihydroxy-naphthalene-3,6-disulfonic acid) reacts with formaldehyde, in the
presence of strong sulphuric acid, to give a reddish violet hydroxydiphenylmethane derivative which
is acid-soluble. In a second reaction stage, this derivative is converted into a deeply coloured quinoid
product; see References [1],[29],[30].

5.9.1.5 Procedure

See (lause 4 for principles of sampling and C.4 for general principles of the method. Howgver, for the
analysis of formaldehyde by colourimetry, the specific information in 5.9.1.6 to 5.9.1.1Q%s r¢levant.

5.9.1.6 Sampling
Pump the fire atmosphere through a fritted bubbler containing 20 ml of a 1% sodium mejtabisulphite

absorbing solution at 0,4 1/min for 4 min to 5 min and record the total velume sampled. Thgse sampling
parameters may be varied if necessary to suit conditions.

5.9.1.7 Analysis

5.9.1.7.1 Reagents

Analytical grade reagents should be used where possible.

5.9.1.7.1.1 Absorbing solution

Diss¢lve 10 g sodium metabisulphite in 1 1 distilled water. Prepare freshly each day.

5.9.1.7.1.2 Chromotropic acid solation, 5 %

Dissg¢lve 5 g chromotropic acid in.100 ml distilled water. Prepare freshly each day.
5.9.1.7.1.3 Concentrated sulphuric acid, “AnalaR” grade

5.9.1.7.1.4 Stock formaldehyde solution, approximately 5 000 pg/ml.

Diss¢lve 13,5 mlformalin solution (37 % to 40 %) in distilled water and dilute to 1 1. Determinpe the actual
concentrationusing a standard 0,05 M iodine solution back-titrated againsta 0,1 M sodium fhiosulphite
solutfion with'a starch indicator. This solution is stable if refrigerated.

5.9.1.71.5 Standard formaldehyde solution, 10 pug/ml.

Add 2,0 ml stock solution (5.9.1.7.1.4) to 1 % sodium metabisulphite and make up to 1 l. Prepare
freshly each day.

5.9.1.7.2 Protocol

To a boiling-tube, add an aliquot of test solution containing up to 20 pug formaldehyde. Add 1 % sodium
metabisulphite (if necessary) to give a total volume of 2,5 ml. Then add in turn with shaking

0,5 ml 5 % chromotropic acid,

5 ml concentrated sulphuric acid.
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Immerseinboilingwater for 10 min, cool,andread theabsorbanceatapproximately 570 nm (corresponding
to the maximum absorbance of the standard solution) in a 1 cm cell against the reagent blank.

5.9.1.8 Calibration

Prepare calibration standards containing 5 ug, 10 pg, 15 pg and 20 pg formaldehyde using 0,5 ml, 1,0 ml,
1,5 ml and 2,0 ml aliquots, respectively of the standard formaldehyde solution 5.9.1.7.1.5 Make the
volume up to 2,5 ml with 1 % sodium metabisulphite and develop the colour as described above.

The calibration gives a reproducible curve for a given batch of CTA; therefore, it should not be necessary
to include standards with each set of analyses.

5.9.1.9 Cchulation

Compare th

_ Pfs]

Ps v,

where

pf 1Ist

Pfs

Vas is the total volume, expressed in litres, of absorbing solution;

Via is the volume, expressed in litres, of the test atmosphere sampled;

e isthe collection efficiency of the trapping-system, experimentally determined using a trai

twq traps.

5.9.1.10 Repeatability and reproducibility
Repeatabilify and reproducibility were estimated in a solution issued from trapping fire effluents
various matgrials in absorbingsolution.[1] For yield around 0,49 mg/g, repeatability has been estin
as 51 % anfl reproducibility_has been estimated as more than 100 %. For yield around 0,67 1
repeatability has been estimated as 10 % and reproducibility has been estimated as more than 1(

For yield aj
estimated c
reproducibi

e absorbance of the test solutions with those obtained for the calibration standards
calculate atfnospheric concentrations using Formula (18):

XV o

i\

is the formaldehyde concentration in the absorbing solution, expressed in grams of forma
hyde per litre of the solution;

xe

e formaldehyde concentration, expressed in grams per litre/of atmosphere;

ound 8,29 mg/g, repeatability has been estimated as 6 % and reproducibility has
ose to_100 %. For yield around 24,46 mg/g, repeatability has been estimated as 5 ¢
ity has'been estimated as 90 %.

and

(18)

de-

nh of

from
1ated
ng/g,
0 %.
been
and

aldohudao ey il sealaey (ITDT )

5.9.2 Fort
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5.9.2.1 Application and limitations

See 5.9.2.2 and 5.9.2.3.

5.9.2.2 Se

The limit of

nsitivity and selectivity

detection is 0,01 pg/ml of formaldehyde (in the form of hydrazone) in solution.

No known interference except with possible co-elutants.
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5.9.2.3 Other considerations

Chloroform used to extract the 2,4-dinitrophenylhydrazone from the adsorbing solution is miscible
with the eluent at best in a 1:10 ratio. The solution of extraction has to be diluted at least 10 times in the
eluent before injection.

This method permits the analysis of several other aldehydes and ketones at the same time. A sufficient
running time is necessary to ensure all the peaks have been eluted (about 30 min).

It should also be noted that the trapping solution is very reactive towards ketones and aldehydes.
The laboratory environment and apparatus should therefore be free from these compounds.

5.9.2.4 Analysis principles

Formaldehyde is converted into its 2,4-dinitrophenylhydrazone which is not soluble in|an aqueous
medjum; the 2,4-dinitrophenylhydrazone is then extracted with chloroform before'being ahalysed.

The peparation is carried out on a reverse-phase column (for example C18) followed by ultraviolet
detegtion; see References [22],[23],[24],[25].

5.9.2.5 Procedure

See (lause 4 for principles of sampling and C.5.1 and C.5.3 for gefiéral principles of the meth¢d. However,
for the analysis of formaldehyde by HPLC, the specific information in 5.9.2.6 to 5.9.2.10 is r¢levant.

5.9.2.6 Sampling

The following procedure has been found suitable; see AFNOR NF X70-100-1[1] and AFNOR NF X70-100-2.
[15] Qump the fire atmosphere through two nonxfritted impingers, containing 250 ml of 2 M chlorhydric
acid saturated with 2,4-dinitrophenylhydrazine;at 2 1/min for 20 min and record the total volume sampled.

Extract the 2,4-dinitrophenylhydrazone two times with 250 ml of chloroform.
5.9.4.7 Analysis

5.9.24.7.1 Reagents

Liquld chromatographycgrade reagents should be used where possible.
5.9.2.7.1.1 Absorbing solution, 2 M chlorhydric acid saturated with 2,4-dinitrophenylhydrazine.
5.9.2.7.1.2 -Eluent, methanol/water, 65/35.

5.9.2.7,1.3 Chloroform

5.9.2.7.1.4 Stock DNP-formaldehyde solution, approximately 100 pg/ml.

Dissolve 0,01 g of the dry and purified hydrazone derivative of formaldehyde in 100 ml of chloroform.

5.9.2.7.1.5 Standard solutions

Dilute stock solution contained in volumetric flasks with eluent and make up to volume in order to
obtain several standard solutions between 0,1 mg/1 and 10 mg/l1. Prepare freshly every day.

5.9.2.7.2 Protocol

Flow rate should be set at about 1 ml/min (depending on the column) and detection is carried out at
360 nm (240 nm can also be suitable if the solution does not contain absorbing interfering compounds).
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Dilute the extracted unknown solution at least 10 times with eluent.

Analysis of the unknown solution can then be carried out. The sample injection volume is 20 pl and it is

advisable to

inject at least 10 times the volume to fill the sample loop completely.

5.9.2.8 Calibration

Standard solutions are injected into the system and a chart recorder or an integrator monitors the
detector response. The peak area monitored is directly related to the concentration of each standard

solution. A ¢

alibration curve is then obtained.

5.9.2.9 Calculations

Compare th
with those
Formula (19

Pl

e peak area of the test solution corresponding to the hydrazone derivative of formaldg

):
g XV, X0,143

Pf=

where
pPf

PDNP-f.

0,143
Vas

Vta

5.9.2.10 Re

Repeatabilif
around 2,17
46 %. Foryi
estimated a

Vi, xe

is the formaldehyde concentration, expressed in grams per litre of atmosphere;

is the hydrazone concentration in the absorbingsolution, expressed in grams of hydra
per litre of the solution;

is the conversion factor from DNP-formaldehyde to formaldehyde equal to 30/210;
is the total volume, expressed in litres,. of absorbing solution;
is the volume, expressed in litres, of the test atmosphere sampled;

is the collection efficiency.dfithe trapping system, experimentally determined using a
pf two traps.

peatability and-reproducibility

y was estimated on yields in fire effluents[l] in AFNOR NF X70-100-2 fire model.[15] For
mg/g, répeatability has been estimated as 10 % and reproducibility has been estimat
eld around 4,70 mg/g, repeatability has been estimated as 2 % and reproducibility has
5 4296.

hyde

obtained for the calibration curve and calculate atmospheric concentrations ysing

(19)

rone

[rain

yield
ed as
been

5.9.3 Formaldehyde by solid-state trapping and HPLC

5.9.3.1 Application and limitations

See 5.9.3.2 t0 5.9.3.3.

5.9.3.2 Se

The limit of

nsitivity and selectivity

detection is 0,01 pg/ml of formaldehyde (in the form of hydrazone) in solution.

No known interference except with possible co-elutants.
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5.9.3.3 Other considerations

Acetonitrile or chloroform used to extract the 2,4-dinitrophenylhydrazone from the adsorbing solution
has to be diluted at least 10 times in the eluent before injection.

This method permits the analysis of several other aldehydes and ketones at the same time. A sufficient
running time (about 30 min) is necessary to ensure all the peaks have been eluted.

5.9.3.4 Analysis principles

Formaldehyde is sampled on cartridges containing silica gel coated with 2,4-dinitrophenylhydrazine
(DN Duetotheirreactivity, atdehydes trave to bestabitized prior toamatysis-Burimg sampling, they
are thus derivatized by reaction with DNPH in order to form hydrazones.

The tartridges are subsequently extracted with acetonitrile. The collected hydrazones aie separated
by r¢versed-phase column (for example, C18) in a High Performance Liquid Chrematography (HPLC).
The ¢olumn is followed by ultraviolet detection or by atmospheric pressurechemical ionization-mass
spectrometry (APCI-MS); see References [2],[22],[23],[24],[25]. This method'isalso suitable|for all other
ydes and ketones.

5.9.3.5 Sampling

The following procedure has been found suitable. Pump the\fire atmosphere through 2 cartridges
containing silica gel coated with 2,4-dinitrophenylhydraziné. (DNPH) placed in series at|2 1/min for
20 mfin and record the total volume sampled. These samplihg parameters may to be varied|if necessary
to sufit conditions.

Extract the 2,4-dinitrophenylhydrazone with 2 aliquots of 20 ml of acetonitrile or chlorofofm.

5.9.3.6 Analysis

The @nalysis is performed as stated in 5.9.2.7.

5.9.3.7 Calibration

The ¢alibration is performed-as.stated in 5.9.2.8.

5.9.3.8 Calculations

Calcyllation is perfornied as stated in 5.9.2.9.

5.9.3.9 Repeatability and reproducibility

No datahas been collected yet.

5.9.4 Formaldehyde by GC-MS
Method presented in 5.8.2 for acrolein is applicable for formaldehyde.

No data on repeatability and reproducibility have been collected yet.
5.10 Acetaldehyde

5.10.1 Acetaldehyde by HPLC
Methods presented in 5.8.2 for acrolein and in 5.9.2 for formaldehyde is applicable for acetaldehyde.

Repeatability was estimated on yields in fire effluents in AFAP3 fire modell2] on HPLC and GC-MS
techniques. Results are available in Reference [12].
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5.10.2 Acetaldehyde by solid-state trapping and HPLC

Methods presented in 5.8.3 for acrolein and in 5.9.3 for formaldehyde is applicable for acetaldehyde.

No data on repeatability and reproducibility have been collected yet.

5.10.3 Acetaldehyde by GC-MS

Method presented in 5.8.2 for acrolein is applicable for acetaldehyde.

No data on repeatability and reproducibility have been collected yet.

5.11 Total

5.11.1 App
See5.11.2 a

aldehydes by colourimetry

lication and limitations

hd 5.11.3.
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This technid

Aromatic a
aldehydes, 4
with 3-met
Most of thes
the analyses

5.11.3 Oth

An aliquot of test solution can also be analysed for formaldehyde using a chromotropic acid reager

Stability ha
solution ded
stable for uj

5.11.4 Ana

Aliphatic a

Sitivity and selectivity

ue is capable of measuring 0,2 pg total aliphatic aldehydes in the aliquot taken.

,4-dinitrophenylhydrazones, and compounds containing'the p-hydroxystyryl group

e compounds are not gaseous or water-soluble andyconsequently, should not interfere
[31]

br considerations

ays within 24 h. However, it has been reported that formaldehyde in 0,05 % MBTH is
to 13 days.[31]

lysis principles

hydrochlori
ferric chlori

a spectrophotometer.\The aldehydes are expressed as equivalents of formaldehyde; see Referg

e (MBTH) solution contained in fritted bubblers. Oxidation of the resulting azine
e-sulfuriec-acid solution leads to the formation a blue cationic dye, which is measur

[31],[32],[34].

5.11.5 Pro¢edure

mines, iminoheterocyclics, carbazoles, azo dyes, stilbenes, Schiff bases, the alip

yl-2-benzothiazolone hydrazone hydrochloride (MBTH) to produce coloured prod

5 not been verified, but it is thought that any acrolein present in the fire atmospherg

ldehydes are collected in 0,05 % aqueous 3-methyl-2-benzothiazolone hydrg
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ucts.
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See Clause 4 for principles of sampling and C.4 for general principles of the method. However, for the

analysis of t

otal aldehydes by colourimetry, the specific information in 5.11.6 to 5.11.9 is relevant.

5.11.6 Sampling

Pump the fire atmosphere through a fritted bubbler, containinga 20 ml 0,05 % MBTH absorbing solution,
at 0,1 1/min for 4 min to 5 min and record the total volume sampled. These sampling parameters may be
varied if necessary to suit the conditions.
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5.11.7 Analysis

5.11.7.1 Reagents

Analytical grade reagents should be used where possible.

5.11.7.1.1 Absorbing solutions

Dissolve 0,5 g 3-methyl-2-benzothiazolone hydrazone hydrochloride (MBTH) in 1 1 distilled water.

5.11

Add

5.11
Diss

conc
solut

5.11
Dilut]

5.11

Dilut]
form|

5.11

Leav|

1,5 g sulphuric acid and1 g ferric chloride to 100 ml distilled water.

7.1.3 Stock formaldehyde solution, approximately 5 000 pg/ml

lve 13,5 ml formalin solution (37 % to 40 %) in distilled water and diluteto”1 1. Determii
bntration using a standard 0,05 M iodine solution back-titrated againstja 0,1 M sodium
ion with a starch indicator. This solution is stable if refrigerated.

7.1.4 Intermediate standard solution, approximately 100<ug/ml.

e 1,0 ml stock solution (5.11.7.1.3) to 50 ml with distilledwater.

7.1.5 Standard formaldehyde solution, approximately 10 pg/ml.

e 5 ml intermediate standard solution (5.11:7.1.4) to 50 ml with 0,05 % MBTH. L¢
aldehyde to react with MBTH before carrying out calibration.

7.2 Protocol

e test solution standing for at least*1 h after sampling to react with the MBTH before

the analysis.

To a
Add
oxidi

appr
cell 4

5.11

Prep

boiling-tube, add an aliquotof test solution containing up to the equivalent of 10 pg fo
0,05 % MBTH (if necessary) to give a total volume of 5 ml. Add 1 ml ferric chloride-
zing solution and mix thoroughly. Leave standing for at least 10 min, then read the al
pximately 628 nm(corresponding to the maximum absorbance of the standard solutio
gainst a reagent,blank solution.

8 Calibration

nrecalibration standards containing 2 ug, 4 pg, 6 pg, 8 ug and 10 pg formaldehyde

0,4 n

he the actual
thiosulphite

bave 1 h for

tarrying out

'maldehyde.
bulfuric acid
sorbance at
h)ina5mm

sing 0,2 ml,

1170,6 ml, 0,8 ml and 1,0 ml aliquots of the standard formaldehyde solution (5.11.7.1.5).

0L NARTL

Make up the

volu
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5.11.9 Calculation

Compare the absorbance of the test solutions with that obtained for the calibration standards and
calculate atmospheric concentrations using Formula (20):

— paas X Vas (20)

Paa
Vi, xe

where

paa is the concentration, expressed in grams equivalent of formaldehyde per litre of atmosphere;

Paas is|the concentration of the absorbing solution, expressed in grams per litre of aldehydes|as
equivalent of formaldehyde;

Vas  is[the total volume, expressed litres, of absorbing solution;
Vta  is[the volume, expressed in litres, of the test atmosphere;

e is|the collection efficiency of trapping system experimentally determined using a train gf
two traps.

5.11.9.1 Rdpeatability and reproducibility

No data has|been collected yet.
5.12 Sulfuf dioxide by high performance ion chromatography (HPIC)

5.12.1 Application and limitations

See 5.12.2 apd 5.12.3.

5.12.2 Sensitivity and selectivity

This technique is capable of measuring within the range of 0,5 ug/ml to 50 pg/ml as sulfate iops in
solution. Fof measurement of higher concentrations, accurate dilution of the sample solution is necegsary.

This technique is specific to sulfate ions in aqueous solution. Co-elutants can interfere with the accuracy
of the results.

Other aniong can also bg-analysed at the same time.

Details on njethod Sensitivity and selectivity can be found in Reference [1].

5.12.3 Othereonsiderations

An oxidizing absorbing solution is required in order to keep SO in the form of sulfate ions and prevent
the formation of sulphite ions. Hydrogen peroxide solution has been found suitable.

5.12.4 Analysis principles

The separation is carried out on an anion exchange column followed by conductimetric detection. It is
necessary to use chemical suppression.

5.12.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.2 for general principles of the method. However,
for the analysis of sulfur dioxide by HPIC, the specific information in 5.12.6 to 5.12.9 is relevant.
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5.12.6 Sampling

The following procedure has been found suitable; see AFNOR NF X70-100-1[1] and AFNOR NF X70-100-
2.15] Pump the fire atmosphere through a non-fritted then a fritted impinger, containing 75 ml and
150 ml, respectively, of absorbing solution, at 2 1/min for 20 min and record the total volume sampled.
These sampling parameters may be varied if necessary to suit the conditions.

5.12.7 Analysis

5.12.7.1 Reagents

Liqu
5.12
5.12

5.12

Dissglve 0,62 g sodium sulfate in 500 ml of water.

5.12

Dilut]
obta

5.12

Dire
is ad

5.12

Stan
mon
each

d chromatography grade reagents should be used where possible.
7.1.1 Absorbing solution, water with 0,2 % H202 (30 %)
7.1.2 Eluents, 0,001 7 M sodium hydrogen carbonate and 0,001 8 M sodiiin carbonatg

7.1.3 Stock sulfate solution, approximately 1 000 pg/ml

7.1.4 Standard sulfate solutions

e stock solution in distilled water contained in volunietric flasks and make up to volum
n several calibration solutions. Prepare freshly eagh day.

7.2 Protocol

't analysis of the unknown solution can®e carried out. The sample injection volume ig
7isable to inject at least 10 times the'velume to fill the sample loop completely.

8 Calibration

lard solutions of sulphates ‘are injected into the system and a chart recorder or a
tors the detector response. The peak area monitored is directly related to the cond
standard solution. Alcalibration curve is then prepared.

e in order to

25 pl and it

h integrator
entration of
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Compare the peak area of the test solution corresponding to sulfate ions with those obtained for the
calibration curve and calculate atmospheric concentrations using Formula (21):

pSO

2 XV, X0,667
4

Pso, =

where

P

Vi, Xe

is the sulfur dioxide concentration, expressed in grams per litre of atmosphere;

(21)

50,

Psoz-

5.12.9.1 Re

Repeatabilit]
various mat
been estima
around 19

5.13 Carbon disulfide by GC-MS in gas'‘phase

5.13.1 App

Carbon disu
Infrared tec|

5.13.2 Sen

The limit of

ions per litre of the solution;

is the conversion factor from sulfate to SOz equal to 64/96;

is the total volume, expressed in litres, of absorbing solution;

is the volume, expressed in litres, of the test atmosphere sampled;

is the collection efficiency of the trapping system, experinfentally determined using a
pf two traps.

peatability and reproducibility

y and reproducibility were estimated in a solution issued from trapping fire effluents
erials in hydrogen peroxide solution.[1] Forééncentration around 3 mg/l, repeatabilit)
ed as 133 % and reproducibility has been estimated as more than 300 %. For concentr
g/1, repeatability has been estimated as 21 % and reproducibility has been estimated as 1

lication and limitations

Ifide is collected inf{gas phase, then analysed by GC-MS. GC/FPD has been also us
hniques can also belised to measure carbon disulfide concentrations.[34]

Sitivity and selectivity

detectionnis 1 pl/1 of carbon disulfide in gas phase.[2]

No known illlterference.

is the sulfate ions concentration in the absorbing solution, expressed in grams of sulfat

[rain

from
Uy has
ation
09%.

pd.[2]

The method is also adapted to determine concentrations in acrolein, benzene, toluene, xylene, styrene,
acrylonitrile, formaldehyde and acetaldehyde.

5.13.3 Anal

ysis principles

Carbon disulfide is collected in suitable gas bag, then analysed in gas phase. The separation is carried out
on a capillary column followed by a MS “quadrupole” mass selective detector used in Electronic Impact
mode; see References [2],[27],[28]. Quantification is performed with analysis of total ionic current (TIC)

obtained on
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5.13.4 Sampling

The following procedure has been found suitable. Pump the fire atmosphere in a gas bag at 2 1/min for
20 min and record the total volume sampled. These sampling parameters may to be varied if necessary.

5.13.5 Analysis

5.13.5.1 Analytical conditions

The conditions proposed hereunder have been found suitable for such analysis. These parameters may
to be varied if necessary.

5.13(5.1.1 GC separation

— $plitless injection in pulsed mode of the volume of gas with an automatic #alve equipped with a
gtainless steel loop of 0.5 ml.

— (Gas vector: helium (1 ml/minute), flow of gas vector 3 ml/min at the jnjection for 12 s fpllowed by a
flow rate of gas vector of 1 ml/minute.

— (Capillary column, stationary phase: 5 % methylphenylsilicone 6b'equivalent, Length 30 m at least,
internal diameter: 0.25 mm, thickness of non polar phase (reverse phase) 0.25 pm.

— Furnace ramp:

1+ Initial temperature: 2°C or lower for 6 min (oven cooled with liquid N3) (the objectiye is to avoid
the lost of low boiling point compounds);

+ Followed by a temperature ramp: 15°C/mtin until 180°C, in order to elute high hoiling point
compounds;

+ 180°C until the end of analysis.

This temperature programme allows(a first separation of volatile compounds and the peak gf air, then to
elute the gases with high boiling points and to eliminate other heavy compounds from the [column (not
analysed for the purposes of this'Allied Publication).

5.13(5.1.2 MS detection

Deteftion is ensuredCby a MS detector type quadrupole mass selective detector in Electifonic impact
(fragmentation). Thetime interval selected is one spectrum every 1.5 s on the fragments oljtained after
screg¢ning from25 m/z to 200 m/z. This enables the fragments of air injected in the inlef valve to be
elimjnated without loss of the compounds to be analysed.

5.13(5.1:3 " 'Quantification

Analysis is done using Total lonic current (TIC). Libraries such as NIST library are used for qualitative
recognition of compounds. A standard containing the required gas is prepared by injection of a known
quantity of carbon disulfide in a 40-1 bag containing air. (The mixture must be prepared the same day as
the analysis). The peak areas representative of the compounds to be analysed are compared to those given
by the standards and the concentration of compounds is calculated using TIC chromatogram on specific
fragments of each compound. Fragmentation of carbon disulfide is described in the following table:
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Table 6 — Fragmentation of acrolein in analytical conditions proposed

Importance of other
- 0
Principal peak fragments in % Typical retention Fragments used for
(parent) atm/z compared to parent . RS
Compound . times quantification
(normalized to peaks (minutes) (in m/2)
100 %) (>50 % compared to
parent)
Carbon disulfide 76 No other important 29 76
ragments
5.13.6 Calipratien

Standard gaf mixtures are prepared by injecting carbon disulfide into a gas collection bag containing 401
of air. Analyfical grade chemicals are used and purity is considered in calculation of final concentrations.
The bag is then warmed to ensure evaporation of the liquid carbon disulfide and samples-are then taken
from the bag for analysis in the GC-MS.

Carbon disullfide is injected in gas bags using a syringe to prepare a range of concentration as shoyn in
the table below:

Table 7 — Preparation of gas standards of carbon disulfide

Reagent Volume of carbon4istlfide introduced
ul
20 | 50 | 100 | 200 [250 | 500 | 1000 | 2000 | 2§00

Volume of gas bag: 40 L

Mass of carboh disulfide introduced in 253 6.32 1264253 | 316 63.2 126 253 {16
gas bag (mg)

Concentratior] of carbon disulfide

3
g;%ﬁrrr;lizlgaperfectgasat20°C 63.2 | 1584 316 | 632 | 789 | 1579 | 3158 | 6315 | 7894

101 325 Pa)

If other gas¢s are analysed at the samestime, it is often needed to prepare them in separate standards
because of the immiscibility of some-.¢ompounds.

5.13.7 Caldulations

No further [calculation is<required. The method compares directly TIC from samples to standards
expressed i mg/m3.

5.13.8 Repepatability and reproducibility

Repeatabilifyand reproducibility were estimated in fire effluents from various materials, considering
AFAP-3 fire—modetZForyietd—aroumd—6;8mg/g, Tepeatabitity ras—beemr estimmated—as 219 and
reproducibility has been estimated as 142 %. Foryield around 1,5 mg/g, repeatability has been estimated
as 18 % and reproducibility has been estimated as 261 %.[12]

These results include repeatability and reproducibility of the fire model.
5.14 Hydrogen sulphide
5.14.1 Hydrogen sulphide by HPIC

5.14.1.1 Application and limitations

These are covered in 5.14.1.2 and 5.14.1.3.
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5.14.1.2 Sensitivity and selectivity

This technique is capable of measuring within the range of 1 pg/ml to 50 pg/ml of hydrogen sulphide as
HS- and S2- ions in solution. For measurement of higher concentrations, accurate dilution of the sample
solution is necessary.

This technique is specific to HS- and S2- ions in aqueous solution. An alkaline eluent shall always be used
for separation and detection to ensure the HS- and S2- ions exist in the anionic form.

This method allows measurement of hydrogen cyanide simultaneously (see 5.4.3).

5 14 s W a VA | a dui.
. 1.0 ULICT CUILIUCITAUUUIIS

Aglapssyringe witha PTFE-tipped plungerisrecommended for use duringinjection to avoid innecessary
reactions with the rubber materials often present in the plungers of plastic syringess Certiain types of
coluns have been found to be sensitive to the fire-effluent solution in that they can qui¢kly become
clogdged. The solution should be filtered before injection onto the columnglt is often recessary to
regenerate the columns regularly.

5.14{1.4 Analysis principles

The $eparation is carried out on an anion exchange column followed by Amperometric defection with
a silyer-working electrode. A silver chloride reference and-a stainless steel counter electrode are
fitteql in the cell.

5.14{1.5 Procedure

See (lause 4 for principles of sampling and C.5 for the general principles of the method. However, for the
analysis of hydrogen sulphide by HPIC, the specifi¢ information in 5.14.1.6 to 5.14.1.10 is relevant.

5.14{1.6 Sampling
The following procedure has been fdund suitable; see AFAP-3.[2] Pump the fire atmosphefe through a
non-fritted then a fritter impingenr,containing 75 ml and 150 ml, respectively, of 0,1 M sodiuth hydroxide,

at 2 l/min for 20 min and record.the total volume sampled. These sampling parameters may be varied if
necepsary to suit conditions;

5.14{1.7 Analysis

5.14{1.7.1 Reagents

Liquld chromatography grade reagents should be used where possible.

5.14{1:.7.1.1 Absorbing solution, 0,1 M sodium hydroxide.

5.14.1.7.1.2 Eluents, consisting of 0,1 M sodium hydroxide, 0,5 M sodium acetate or 0,5 % ethylene
diamine.

5.14.1.7.1.3 Stock sulphide ions solutions

Dissolve 7.2 g of glass-clear, if necessary washed crystals of sodium sulphide hydrate approx. 35 % GR
with distilled water in a 1000-ml volumetric flask and make up to the mark with distilled. The stock
solution prepared according to this procedure has a concentration of approx. 1000 mg/1 in ions sulphide.

Determination of the concentration of stock solution for sulphide:
Place 100 ml of distilled water and 5 ml of sulphuric acid 25 % GR in a 500 ml ground-glass conical flask.
To this solution add 25.0 ml of the sulphide stock solution of approx. 1000 mg/l and 25.0 ml of iodine
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solution 0.05 mol/l. Titrate with sodium thiosulphate solution 0.1 mol/] until the yellow iodine colour
has disappeared, add 1 ml of zinc iodide-starch solution, and continue to titrate until a milky, pure white

colour emer

ges. The concentration of sulphide of stock solution, expressed in mg/], is then:

Cso1 =(C2 —C1)x64,1026

where
C1 con
C2 qua
Further inv

according to
solution remn

5.14.1.7.1.4

Standard sqlutions of sulphide ions are prepared in 0,1 M sodium hydroxidecontained in volum

flasks, in or

5.14.1.7.2 Protocol

Flow rate sh

Direct analy
is advisable

5.14.1.8 C

Standard su
the detector]
solution. A @

5.14.1.9 Callculations

Compare th
calibration

o

Tibration

sumption of sodium thiosulphate 0.1 mol/l

ntity of iodine solution 0.05 mol/1 (25.0 ml)

(22)

the procedure described above by diluting accordingly. When stored in a cool placg, the
ains stable for at most one day. The diluted investigational solutions mustbe used immedi

Standard sulphide ions solutions

ler to obtain several standard solutions. Prepare freshly each day.

ould be set at 1 ml/min. The applied voltage setting is-zero volts.

sis of the unknown solution can be carried out.*The sample injection volume is 25 pl g
to inject at least 10 times the volume to fill thé&'sample loop completely.

phide solutions are injected into the’system and a chart recorder or an integrator mon
response. The peak area monitored is directly related to the concentration of each stan
alibration curve is then prepared.

e peak area of the.test solution corresponding to sulphide ions with those obtained fq
urve and calculate atmospheric concentrations using Formula (23) :

sts X1,0625517;

PH,s =

where

ViaXe

bstigational concentrations may be prepared from the stock solution exactly determined

stock
htely.

etric

nd it

itors
dard

r the

(23)

PH,s
PSts
1,0625
Vas

Vta

e
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Stite hydTogen sulphide CONCemTation, eXpressed (T gralms per Htre of atimoSPiere;

is the concentration, expressed in grams per litre, of sulphide ions in the test solution;
is the conversion factor from S2- to H5S, equal to 34/32;
is the total volume, expressed in litres, of absorbing solution;

is the volume, expressed in litres, of the test atmosphere;

is the collection efficiency of trapping system experimentally determined using a train of

two traps.
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5.14.1.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in fire effluents from various materials, considering
AFAP-3 fire model,[2] with both FTIR and IC techniques.[12] For yield around 0,4 mg/g, repeatability has
been estimated as 27 % and reproducibility has been estimated as 107 %. For yield around 17,7 mg/g,
repeatability has been estimated as 6 % and reproducibility has been estimated as more than 300 %.

5.15

Ammonia

5.15.1 Ammonia by colourimetry

5.15

See §

1.1 Application and limitations

.15.1.2 and 5.15.1.3.

5.15
This
Ther

5.15

The method does not distinguish between free and combined ammonia.

Stabi
the d
treat

5.15

Amn|

cominercially available reagent comprised of mercuric chloride and potassium iodide in

hydr
whic

5.15

See
analy

5.15

(lause 4 for principles of sampling and C.4 for general principles of the method. How

1.2 Sensitivity and selectivity
method is capable of measuring 1,7 pg ammonia in the aliquot taken:

e are no known interferences.

1.3 Other considerations

lity of the test solution has not been verified, butit'is thought to be stable for a few d3
ment for disposal. An alternative method is by HPIC (see 5.15.2).

1.4 Analysis principles

jonia is bubbled through 0,02 M sulphuric acid to form ammonium sulfate. Nessler

pxide solution, produces a yellow-brown complex on reaction with ammonia and amn{
h is measured in a spectrophotometer; see Reference [35].

1.5 Procedure

sis of ammoutia by colourimetry, the specific information in 5.15.1.6 to 5.15.1.10 is reld

1.6 Sampling

ys if kept in

ark at 4 °C. It should be noted that the Nesslet's reagent used is highly toxic and requires special

s reagent, a
h potassium
onium salts

ever, for the
bvant.

Pum
for 4

b the fire atmosphere through a fritted bubbler containing 20 ml 0,02 M sulphuric acid

at 0,4 1/min

TITITT tO 5 T aItd Tecord tie total votumme sampied:

5.15.1.7 Analysis

5.15.1.7.1 Reagents

Analytical grade reagents should be used where possible.

5.15.1.7.1.1 Absorbing solution

Dilute 1,1 ml concentrated sulphuric acid (18 M) to 1 1 with water to form 0,02 M sulphuric acid.
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5.15.1.7.1.2 Nessler’s reagent, a mixture of mercuric chloride/potassium iodide in potassium hydrox-

ide solution

(commercially available).

5.15.1.7.1.3 Standard ammonia solution, approximately 20 pg/ml.

Dissolve 0,0

77 6 gammonium sulfate in 11 distilled water. Prepare freshly each day.

5.15.1.7.2 Protocol

To a boiling-tube, add an aliquot of test solution containing up to 80 ug ammonia. Add distilled water (if

necessary) to give a total volume of 10 ml. Then add 0.4 ml Nessler’s reagent and allow colour to develop
for atleast 10 min. Read the absorbance, any3, at approximately 440 nm (corresponding to the maximum
absorbance pf the standard solution) in a 1 cm cell against a reagent blank solution with absorbange «y.
Formation gf a precipitate on addition of the Nessler’s reagent indicates excessive levels ofammonia and
a smaller aljquot should be taken for analysis.
Interferencg from yellow combustion products in the test solution can be taken.inte account. Prepare
control solutions by treating another aliquot of the test solution (same volume-as-ised for the analysis)
and diluting/to 10,4 ml with distilled water. Measure this solution against distilled water to give a control
absorbance [reading for each test solution.
5.15.1.8 Caflibration
Prepare caljbration standards containing 10 ug, 12 ug, 40 pg and-80 ug ammonia using 0,5 ml, 1,0 ml,
2,0 ml and 4,0 ml aliquots of the standard ammonia solution.3215.1.7.1.3. Make up the volume to 10 ml
with distillgd water and develop the colour as outlined above:
The calibration is fairly reproducible; therefore it is\tfot necessary to include standards with |each
set of analypes.
5.15.1.9 C]lculation
Compare thle absorbance of the test solutions, any3 and ap, with that obtained for the calibration
standards and calculate atmospheric eencentrations using Formula (24):
DNH5S ><Vas
PNH; = : (24)
Vi, Xe

where

p is|the ammo1iia concentration, expressed in grams per litre of atmosphere;

NH3
PNH,s is|the dmmonia concentration in the absorbing solution, expressed in grams of ammonig per
litreof thesotutiorn;

Vas  is the total volume, expressed in litres, of absorbing solution;

Via isthe volume, expressed in litres, of the test atmosphere sampled;

e is the collection efficiency of the trapping system, experimentally determined using a train

of two traps.

5.15.1.10

Repeatability and reproducibility

Repeatability and reproducibility were estimated in fire effluents from various materials, considering
AFAP-3 fire model,[2] with a combination between HPIC, colourimetry and FTIR techniques.[12] For yield
around 7,0 mg/g, repeatability has been estimated as 22 % and reproducibility has been estimated as
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268 %. For yield around 14,6 mg/g, repeatability has been estimated as 44 % and reproducibility has
been estimated as 104 %.

5.15

5.15

.2 Ammonia by high performance ion chromatography

.2.1 Application and limitations

See 5.15.2.2 and 5.15.2.3.

5.15
This

30 pg/ml in the test solution. For measurement of higher concentrations, accurate dilution o
solutfion is necessary. This technique is specific to ammonium ions in aqueous selution.

can i
calci

5.15

Amny

If the solution is neutralized with an acid, the corresponding salt of the ammonium ion is
exanple ammonium chloride NH4+*Cl- with hydrochloric acid.

5.15
The

5.15

See (lause 4 for general sampling requirements, and C.5.1and C.5.2 for general principles of|

How

5.15

The fpllowing precedure has been found suitable; see AFNOR NF X70-100-1[1]and AFNOR NF X

Pum

75 mll and‘¥50 ml, respectively, of 25 mM hydrochloric acid solution. Record the total volume

5.15

5.15

NH; +H,0 =2 NH; +OH™

.2.2 Sensitivity and selectivity

technique is capable of measuring the ammonia concentration within the rangé*§

nterfere with the accuracy of the results. Other cations, including lithium, sedium, m
im, can also be analysed by this technique.

2.3 Other considerations

2.4 Analysis principles

2.5 Procedure

bver, for the analysis.of ammonia by HPIC, the specificinformationin 5.15.2.6 t0 5.15.2.1

,5 ng/ml to
fthe sample
Co-elutants
hgnesium or

jonia gas is extremely soluble in water. The reaction taking plage’between ammonia and water is a
reversible one, as shown in Formula (25):

(25)

formed, for

separation is carried out on a cation exchange column, followed by conductimetric detection.
Chempical suppression can be used butis'not essential.

the method.
) isrelevant.

2.6 Sampling

b the fire.atmosphere at 2 1/min for 20 min through a non-fritted then a fritted impinge

70-100-2.[15]
I, containing
sampled.

.2.7 Analysts

.2.7.1 Reagents

Liquid chromatography grade reagents should be used where possible.

5.15

.2.7.1.1 Absorbing solution, 25 mM hydrochloric acid.

5.15.2.7.1.2 Eluent, 3 mM methanesulphonic acid.

5.15.2.7.1.3 Stock ammonium solution, approximately 1 000 pg/ml NHf}r

Dissolve 1,486 g ammonium chloride in 500 ml distilled water.
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5.15.2.7.1.4 Standard ammonium solutions

Dilute stock solution contained in volumetric flasks with distilled water and make up to volume in order
to obtain several calibration solutions. Prepare fresh solutions daily.

5.15.2.7.2 Protocol

Flow rate should be set at 1,0 ml/min. Direct analysis of the unknown solution can be carried out. The
sample injection volume can be between 5 pl and 25 pl.

5.15.2.8 Calibration

Standard so]utions of ammonium are injected into the HPIC and a chartrecorder or data handlingsyj

stem

monitors th¢ detector response time. The peak area monitored is directly related to the coneentration of
each standajrd solution. A calibration curve is then prepared.

5.15.2.9 Callculations

The ammo
concentrati

ium peak area of the test solution is compared to the calibrationCeurve. The atmosp

ns are calculated using Formula (26):

)NHZ xV,%0,944

PNH; =
where

PNH;

pNH1

0,944
Vas

Vta

5.15.2.10

Repeatabilit
AFAP-3 fire

Vi, Xe

is the ammonia concentration, expressed in granis per litre of atmosphere;

is the ammonium ions concentration in the absorbing solution, expressed in grams of
ammonium ions per litre of the solution;

is the conversion factor from NHg to NH3, equal to 17/18;

is the total volume, expressed in litres, of absorbing solution;

is the volume, expressed-in litres, of the test atmosphere sampled;

is the collection effieiency of the trapping system, experimentally determined using a
of two traps.

Repeatability and reproducibility

y and(reproducibility were estimated in fire effluents from various materials, consid
hiedel,[2] with a combination between HPIC, colourimetry and FTIR techniques.[12] For

heric

(26)

[rain

bring
yield

around 7,0 r

ng/g, repeatability has been estimated as ZZ2 Yo and reproducibility has been estimated as

268 %. For yield around 14,6 mg/g, repeatability has been estimated as 44 % and reproducibility has
been estimated as 104 %.

5.16 Antimony compounds by atomic absorption spectrophotometry (AAS) or inductive-

ly coupled

5.16.1 App

plasma emission spectrometry (ICP)

lication and limitations

See 5.16.2 and 5.16.3.
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5.16.2 Sensitivity and selectivity
The limits of detection in the test solution are 1,0 pg/ml for AAS analysis and 0,01 pg/ml for ICP analysis.

There are no known interferences by either AAS or ICP methods.

5.16.3 Other considerations

Other metallic elements may be quantified in the same test solution.

5.16.4 Analysis principles

Antillnony in the test solution is transformed into an atomic vapour and then spectrophofometrically
analysed; see References [36],[37].

5.16{5 Procedure

See (lause 4 for principles of sampling and C.10 and C.11 for general principles of the methogls. However,
for the analysis of antimony compounds by AAS or ICP, of compounds the'specific informatjon in 5.16.6
to 5.16.10 is relevant.

5.16{6 Sampling

Pump the fire atmosphere at 0,5 I/min for 4 min to 5 minthrough a fritted bubbler cont3ining 20 ml
2 M Hydrochloricacid and record the total volume sampled An‘order that both particulate and apour forms
of antimony can be quantified, the bubbler can be preceded by a glass-fibre filter which is thien desorbed
in 10)ml M HCI prior to analysis. These sampling parameters may be varied if necessary to suit conditions.

5.16{7 Analysis

5.16{7.1 Reagents

Analytical grade reagents should be used where possible.

5.16{7.1.1 Absorbing solutioen,/2 M hydrochloric acid
Dilute 167 ml 37 % HCI with 1 1 distilled water.

5.16}7.1.2 Stock antimony solution, ~1 000 pg/ml, commercially prepared

5.16{7.2 Protorcol

Antimony in the solution is quantified against calibration standards according to the procedyre specified
by the‘manufacturer of the AAS or ICP instrument.

5.16.8 Calibration

Prepare calibration standards in the hydrochloric acid used as trapping/desorption media. For AAS
instruments, these are usually 10 pg/ml, 50 ug/mland 100 pg/ml. For ICP instruments, standards up to
50 pg/ml are generally used. Standards should be included with each set of analyses.
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5.16.9 Calculations
The concentration of antimony in the test atmosphere is calculated from Formula (27):

XV
pr — ptS as (27)
Vta

where

psb is the concentration of the antimony, expressed in grams per litre of the atmosphere;

5.16.10 Repeatability and reproducibility

No data has|been collected yet.

5.17 Arsenic compounds by atomic absorption spectrophotometry (AAS) or inductively
coupled plasma emission spectrometry (ICP)

5.17.1 Application and limitations

See 5.17.2 apd 5.17.3.

5.17.2 Sensitivity and selectivity
The limits of detection in the test solution are1{0 pg/ml for AAS analysis and 0,01 pg/ml for ICP.

There are ng known interferences by either AAS or ICP methods.

5.17.3 Other considerations

Other metallic elements can bequantified in the same test solution. Alternative trapping media could be
investigated (e.g. dilute alkali, for example 0,1 M NaOH).

5.17.4 Analysis principles

Arsenic in the test:solution is transformed into an atomic vapour and then spectrophotometrically
analysed by| systems that measure the population density of the atoms in the vapour; see Refer¢nces
[36],[37].

5.17.5 Procedure

See Clause 4 for principles of sampling and C.10 and C.11 for general principles of the methods. However,
for the analysis of arsenic compounds by AAS or ICP, the specificinformationin 5.17.6 to 5.17.10 is relevant.

5.17.6 Sampling

Pump the fire atmosphere at 0,4 1/min for 4 min to 5 min through a fritted bubbler containing 20 ml
1 M hydrochloric acid and record the volume of test atmosphere sampled. In order that both particulate
and vapour forms of arsenic can be quantified, the bubbler can be preceded by a glass fibre filter which
is then desorbed by extracting with 5 % HCI at 100 °C for 30 min prior to analysis. These sampling
parameters may be varied if necessary to suit the conditions.
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5.17.7 Analysis

5.17.7.1 Reagents

Analytical grade reagents should be used where possible.

5.17.7.1.1 Absorbing solution, 1 M hydrochloric acid.

Dilute 83 ml of 37 % HCl with 1 1 distilled water.

5.17

5.17

Arse
by th

5.17
Prep

instr
50

5.17
The

whet

|
|

5.17
Nod

7.2 Protocol

hic in the solution is quantified against calibration standards according to thie procedy
e manufacturer of the AAS or ICP instrument.

8 Calibration

are calibration standards in the hydrochloric acid used as the trapping/desorption me
uments, these are usually 10 pg/ml, 50 ug/ml and 100 pg/mi<For ICP instruments, staj
b /ml are generally used. Standards should be included with.each set of analyses.

9 Calculations
foncentration of arsenic in the test atmosphere iscalculated from Formula (28):

As = Pts ><Vas
S
Vta

e

As is the concentration of the arsenic, expressed in grams per litre of the atmosphere;
ts is the concentration, €xpressed in grams per litre, of arsenic in the absorbing solut
Vas is the total volunie,)expressed in litres, of absorbing solution;

/ta is the voluméyexpressed in litres, of the test atmosphere.

10 Repeatability and reproducibility

hta'has been collected yet.

re specified

dia. For AAS
ndards up to

(28)

on;

5.18 Phosphorus by inductively coupled plasma emission spectrometry (ICP)

5.18.1 Application and limitations

See 5.18.2 and 5.18.3.

5.18.2 Sensitivity and selectivity

Thel
Ther

© ISO

imit of detection in the test solution is 0,01 pg/ml elemental phosphorus.

e are no known interferences.
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5.18.3 Other considerations

Phosphate-forming compounds, other elements and chemical species (e.g. hydrogen cyanide and
hydrogen halide) may be quantified in the same test solution.

Alternative trapping media could be investigated.

5.18.4 Analysis principles

Phosphorus in the test solution is transformed into an atomic vapour and then spectrometrically
analysed by systems that measure the population density of the atoms in the vapour; see Reference [36].

5.18.5 Pro¢

See Clause 4
analysis of (

5.18.6 Sam

Pump the fi
0,01 M so
vapour for
the bubbler,
analysis. Th

5.18.7 Ana

5.18.7.1 Re

Analytical g
5.18.7.1.1 4
5.18.7.1.2 §

5.18.7.2 Pr

Phosphorus
specified byj

5.18.8 Cali

Preparecalil

redure

hosphorus by ICP, the specific information in 5.18.6 to 5.18.10 is relevant.

pling

re atmosphere at 0,4 1/min for 4 min to 5 min through a fritted bubbler containing 3

(lillum hydroxide and record the total volume sampled. In ordet)that both particulate

s of phosphorus-containing compounds can be quantified,.& glass fibre filter can pr¢

ese sampling parameters may be varied if necessary tesuit conditions.
lysis

agents

rade reagents should be used where possible.
Absorbing solution, 0,01 M soditim hydroxide.
ptock phosphorus solution;~1 000 pg/ml, commercially prepared.

otocol

in the solutionis ‘quantified against calibration standards according to the procs
the manufagcturer of the ICP instrument.

bration

prationstandardsinthe0,01 Msodiumhydroxidesolution (orother)usedastrapping/desor

L for principles of sampling and C.11 for general principles of the method. HoweVer, for the

0 ml
and
cede

which is then desorbed in 20 ml 0,01 M NaOH or other¢uitable aqueous medium prior to

dure

btion

media. Standlatds up to 50 ug/ml are possible and should be included with each set of analyses.

5.18.9 Calculations

The concentration of phosphorus in the test atmosphere is calculated from Formula (29):

_ Pts

pp=

%

64

XV

ta

(29)
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where
pp is the concentration of phosphorous, expressed in grams per litre of the atmosphere;
pts is the concentration, expressed in grams per litre, of phosphorous in the absorbing solution;
Vas is the total volume, expressed in litres, of absorbing solution;

Vta is the volume, expressed in litres, of the test atmosphere.

5 18 10 D talilid p | A ilailis
. pavy l\cpcatauuu._y aiil lClIl uuu\.luuu._y

No dpta has been collected yet.
5.19 Phosphates
5.19{1 Phosphates by colourimetry

5.19}1.1 Application and limitations
See §.19.1.2 and 5.19.1.3.

5.19{1.2 Sensitivity and selectivity
The limit of detection in the test solution is 5 pg/ml, expressed as phosphorus pentoxide P4Os.

Therk are no known interferences.

5.19}1.3 Other considerations

Total phosphorus, other elements and.chemical species (e.g. hydrogen cyanide and hydrpgen halide)
may be quantified in the same test solution.

The gtability of phosphate in the test solution is not known.

Alternative trapping medja.could be investigated.

5.19{1.4 Analysis principles

An ¢range-yellow. coloured complex vanadimolybdiphosphoric acid is formed when| a solution
containing orthophosphate is treated with an acid reagent containing molybdic acid and vdnadic acids;
see Hefererice*[38].

5.19|1.5 Procedure

See Clause 4 for principles of sampling and C.4 for general principles of the method. However, for the
analysis of phosphates by colourimetry, the specific information in 5.19.1.6 to 5.19.1.10 is relevant.

5.19.1.6 Sampling

Pump the fire atmosphere at 0,4 1/min for 4 min to 5 min through a fritted bubbler containing 20 ml
0,01 M sodium hydroxide and record the total volume sampled. In order that both particulate and vapour
form phosphates can be quantified, a glass fibre filter can precede the bubbler, which is then desorbed
in 20 ml 0,01 M NaOH or other suitable aqueous medium prior to analysis. These sampling parameters
may be varied if necessary to suit conditions. It should be noted that all phosphates are liquids or solids
at ambient temperature.
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5.19.1.7 Analysis

5.19.1.7.1 Reagents

5.19.1.7.1.1 Absorbing solution, 0,01 M sodium hydroxide.

5.19.1.7.1.2

Ammonium molybdate solution.

Dissolve 10 g ammonium molybdate in 200 ml of distilled water at 50 °C.

5.19.1.7.1.3

Dissolve 0,
concentrate

5.19.1.7.1.4

Gradually adld the molybdate solution (5.19.1.7.1.2) to the vanadate solution (5;19:1.7.1.3) and dily

500 ml with

5.19.1.7.1.5

Dilute 70 m}

5.19.1.7.1.6

Dissolve 3,8

5.19.1.7.1.7

Dilute 5 ml §

5.19.1.7.2 Protocol

To 4,0 ml alj
and allow ¢
(correspond
blank soluti

Interference
a control so
reagent. Me
for each test

Ammonium vanadate solution.

d nitric acid.

Vanadate-molybdate reagent

distilled water.

Acid-only reagent, for control test solutions.

of concentrated nitric acid to 500 ml with distilled water.

Stock phosphate solution, equivalent to 2 000\pg/ml P05

34 g dry potassium dihydrogen phosphate.in'1 distilled water.

Standard phosphate solution, equivalent to 100 pg/ml P0s.

quots of test solution containing up to 200 pg P20s5, add 1,5 ml vanadate-molybdate red
plour to develop forlat least 10 min. Read the absorbance, ap, at approximately 42
ing to the maximumabsorbance of the standard solution) in a 1 cm cell against a re4
b1, Q.

from yellaw-combustion products in the test solution can be taken into account. Prg
ution byntreating another 4,0 ml aliquot of the test solution with 1,5 ml of the “acid-
hsurethis solution against an “acid-only” reagent blank to give a control absorbance reg
solution.

tock solution to 100 ml in 0,01 M-sodium hydroxide solution. Prepare freshly each day;.

g ammonium vanadate in 150 ml of boiling distilled water, cool, then add.70 1l of

te to

igent
) nm
gent

pare
bnly”
1ding

5.19.1.8 Calibration

Prepare calibration standards, containing up to 200 pg P05 using 1,0 ml and 2,0 ml aliquots of the
standard phosphate solution (5.19.1.7.1.7) in 0,01 M NaOH, and treat with the colour-forming reagent
as outlined above. Control readings are not necessary for the calibration procedure. A linear calibration
is obtained with an absorbance of approximately 0,8 corresponding to 200 pg P05 in the test solution.
Calibration standards should be included with each set of analyses.
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5.19.1.9 Calculations

Compare the absorbance of the test solution, ap, and the control solution, ag, with that obtained for the
calibration standards and calculate atmospheric concentrations using Formula (30):

_ ptsXVas

Pp05 = (30)
25V, xe
where
Pro is the concentration of the P;0s, expressed in grams per litre of the atmosphere;
2-5

fAts  is the concentration, expressed in grams per litre, of the P05 in the absorbing.sglution;
Vas  is the total volume, expressed in litres, of absorbing solution;
Via  isthe volume, expressed in litres, of the test atmosphere.

é is the collection efficiency of the trapping system experimentally' determined using a train of
two traps.

5.19(1.10 Repeatability and reproducibility

No data has been collected yet.
5.19]2 Phosphates by high performance ion chromatography (HPIC)

5.19({2.1 Application and limitations

See §.19.2.2 and 5.19.2.3.

5.19(2.2 Sensitivity and selectivity

This[technique is capable of measuring concentrations of HPOi_ ions in solution within the range of

0,5 dg/ml to 20 pg/ml. Forl measurement of higher concentrations, accurate dilution of| the sample
solutfion is necessary.

This|technique is spéeific to phosphate ions in aqueous solution. Co-elutants can interfere with the
accuracy of the results.

Othefr anions.can also be analysed at the same time.

5.19(2.3< Other considerations

None:

5.19.2.4 Analysis principles

The separation is carried out on an anion-exchange column followed by conductimetric detection.
Chemical suppression shall be used. Post-column colourimetric reaction followed by UV-visible detection
may be also suitable.

5.19.2.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.2 for general principles of the method. However,
for the analysis of phosphates by HPIC, the specific information in 5.19.2.6 to 5.19.2.10 is relevant:
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5.19.2.6 Sampling

The following procedure has been found suitable; see AFNOR NF X70-100-1[1] and AFNOR NF X70-100-
2.[15] Pump the fire atmosphere at 2 1/min for 20 min through a non-fritted then a fritted impinger,
containing 75 ml and 150 ml, respectively, of 0,1 M sodium hydroxide and record the total volume
sampled. These sampling parameters may be varied if necessary to suit conditions.

5.19.2.7 Analysis

5.19.2.7.1 Reagents

Liquid Chr01|natography grade reagents should be used where possible.

5.19.2.7.1.1

5.19.2.7.1.2

5.19.2.7.1.3
Dissolve 0,1

5.19.2.7.1.4

Dilute stock
obtain sevel

Absorbing solution, 0,1 M sodium hydroxide

Eluents, 0,001 7 mol/l sodium hydrogen carbonate and 0,001 8 mol/l sédium carbon{

Stock phosphate solution, approximately 1 000 ug/ml HPO?{

12 g dry potassium dihydrogen phosphate in 100 ml distilled water.

Standard phosphate solutions

solution in distilled water contained in volumetric flasks and make up to volume in ord
al calibration solutions. Prepare freshly each day:

5.19.2.7.2 Protocol

Flow rate sh

Direct analy
is advisable

ould be set at 2 ml/min.

sis of the unknown solution can/bécarried out. The sample injection volume is 25 ul 3
to inject at least 10 times the volume to fill the sample loop completely.

5.19.2.8 Calibration

Standard sg

lutions of phosphaté are injected into the system and a chart recorder or an integ

monitors thle detector responsé/ The peak area monitored is directly related to the concentrati

each of the {

tandard solutjetis! A calibration is then prepared.

5.19.2.9 Calculations

Compare th

e peak-~area of the test solution corresponding to phosphate ions with those obtaine]

the calibrat

on curve and calculate atmospheric concentrations, expressed as phosphoric acid (Hz

hte

erto

nd it

rator
bn of

d for
P04),

using Formla=31):

PHsPO, =

68

2 XV,sx1,021
4

Vi, Xe

pHPO

(31
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where

PH5PO,
Pyp

1,021

4 phate ions per litre of the solution;

is the conversion factor from HPO?{ to H3POy4, equal to 98/96;

Vas is the total volume, expressed in litres, of absorbing solution;

5.19
Nod

5.20

5.20

5.20

See §

Vta is the volume, expressed in litres, of the test atmosphere sampled;

is the collection efficiency of the trapping system, experimentally determined y
of two traps.

2.10 Repeatability and reproducibility

hta has been collected yet.
Phenol
1 Phenol by high performance liquid chromatography (HPLC)

1.1 Application and limitations

.20.1.2 and 5.20.1.3.

5.20
The |
No k

5.20

This
time

The method uses methanol/water solution for trapping. Ensure that smoke coming into imy

than

1.2 Sensitivity and selectivity
imit of detection is 0,01 pg/ml of.phenol in solution.

hown interference except with possible co-elutants.

1.3 Other considerations

method permitsthe analysis of several other organic species at the same time. A suffic
is necessaryto.ensure all the peaks have been eluted (about 30 min).

60°C durinhg the entire test.

5.20

14 Analysis principles

is the phosphoric acid concentration, expressed in grams per litre of atmosphere;

»— is the phosphate ions concentration in the absorbing solution, expressed in grams of phos-

sing a train

entrunning

inger is less

Phenol is trapped into a solution of methanol/water. The solution is filtered, then analysed. The
separation is carried out on a reverse-phase column (for example C18) followed by ultraviolet detection;
see References [22],[23],[24],[25].

5.20.1.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.3 for general principles of the method. However,
for the analysis of phenol by HPLC, the specific information in 5.20.1.6 to 5.20.1.10 is relevant.
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5.20.1.6 Sampling

The following procedure has been found suitable. Pump the fire atmosphere through two non-fr

itted

impingers, containing 250 ml of Methanol/water solution, in proportion 60/40, at 2 1/min for 20 min and

record the total volume sampled.
5.20.1.7 Analysis

5.20.1.7.1 Reagents

Liquid chromatography grade reagents should be used where possible.

5.20.1.7.1.1 Absorbing solution and Eluent, methanol/water, 60/40.

5.20.1.7.1.7 Phenol stock solution, approximately 500 pg/ml in methanol, commercially availablg.

5.20.1.7.1.3 Standard solutions

h

Dilute stocH solution contained in volumetric flasks with eluent and make up to volume in order to

obtain several standard solutions between 0,1 mg/1 and 100 mg/1. Prepare(freshly every day.

5.20.1.7.2 Protocol

Flow rate should be set at about 1 ml/min (depending on the caldmn) and detection is carried d

ut at

271 nm. Th¢ sample injection volume is 20 pl and it is advisabl€to inject at least 10 times the volume to

fill the sample loop completely.

5.20.1.8 Calibration
Standard sdlutions are injected into the systemtand a chart recorder or an integrator monitor

detector redponse. The peak area monitored'is.directly related to the concentration of each stan
solution. A dalibration curve is then obtained:

5.20.1.9 Callculations

Compare the peak area of the (test solution corresponding to phenol with those obtained for

calibration qurve and calculate’atmospheric concentrations using Formula (32):

Pis XVas

pph =
W, Xe

where

5 the
dard

the

(32)

pph is thé-concentration of phenol, expressed in grams per litre of the atmosphere;

Pts is the concentration, expressed in grams per litre, of phenol in the test solution;
Vas is the volume, expressed in litres, of the absorbing solution;

Via is the volume, expressed in litres, of the test atmosphere;

e isthe collection efficiency of the trapping system experimentally determined using a train of

two traps.
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5.20.1.10 Repeatability and reproducibility

Repeatability and reproducibility were estimated in a solution issued from trapping fire effluents from
a material in Methanol/Water (60/40) solution.[2] For concentration around 69 mg/l, repeatability has

been

estimated as 8 % and reproducibility has been estimated as 10 %.

5.20.2 Phenol by GC-MS

5.20.2.1 Application and limitations

Phe

olis collected in liquid phase, then analysed by GC-MS. Phenol is particularly prone to c

ndensation

on th
the g

5.20
The |
No k

e walls of gas collection bags, leading to false low tests results. Therefore, the analysis
as phase is prohibited.

2.2 Sensitivity and selectivity
imit of detection is 3 ul/1 of phenol in gas phase.[2]

hown interference.

The method is also adapted to determine concentrations in other organic compounds.

5.20

2.3 Analysis principles

Pherol is trapped into a solution of methanol/water. “The solution is filtered, then an

sepa
used
of to

5.20
The

impi
recoj

5.20

5.20

The
to bd

5.20

Fation is carried out on a capillary column followed'by a MS “quadrupole” mass select]
in Electronic Impact mode; see References [2],{27],[28]. Quantification is performed W
al ionic current (TIC) obtained on fragments:

2.4 Sampling

following procedure has been founid“suitable. Pump the fire atmosphere through twqd
hgers, containing 250 ml of Methanol/water solution, in proportion 60/40, at 2 1/min fo
‘d the total volume sampled.

2.5 Analysis

2.5.1 Analytical.conditions

ronditions pfeposed hereunder have been found suitable for such analysis. These parg
varied ifnecessary.

2.5(1¥1 GC separation

of phenol in

alysed. The
ive detector
yith analysis

non-fritted
20 min and

meters may

£

x IR i 1 £41 1 £L£0o0 1 | adenlal
TJUIU TITJTCLIULL, VUTUIIIT UL LT 100D U OU U TOUIIU SUItdUIT.

— Gasvector: helium (1 ml/minute), flow of gas vector 3 ml/min at the injection for 12 s followed by a
flow rate of gas vector of 1 ml/minute.

— Capillary column, stationary phase: 5 % methylphenylsilicone or equivalent, Length 30 m at least,

i

nternal diameter: 0.25 mm, thickness of non polar phase (reverse phase) 0.25 pm.

— Furnace ramp:

© ISO

the lost of low boiling point compounds).

compounds.
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Initial temperature: 2°C or lower for 6 min (oven cooled with liquid N37) (the objective is to avoid

Followed by a temperature ramp: 15°C/min until 180°C, in order to elute high boiling point

71


https://standardsiso.com/api/?name=6f94998ae1871a11fcd138a0f0c12429

ISO 19701

180

:2013(E)

°C until the end of analysis.

This temperature programme allows a first separation of volatile compounds and the peak of air, then
to elute the gases with high boiling points and to eliminate other heavy compounds from the column.

5.20.2.5.1.2 MS detection

Detection is ensured by a MS detector type quadrupole mass selective detector in Electronic impact
(fragmentation). The time interval selected is one spectrum every 1.5 s on the fragments obtained after

screening fr

om 25 m/z to 200 m/z.

5.20.2.5.1.

Analysis is
recognition
a known qud

representative of the compounds to be analysed are compared to those given by the'standards an
n of compounds is calculated using TIC chromatogram on specific fragments of each compgund.

concentratid

5.20.2.6 Calibration

Standard sq
5.20.1.7.1.2)

5.20.2.7 Callculations

Compare th
calibration ¢

5.20.2.8 Re

No data has
5.21 Benz
5.21.1 Ben

5.21.1.1 Af
See5.21.1.2

1

Quantification

one using Total lonic current (TIC). Libraries such as NIST library are used foryqualit
pf compounds. A standard containing the required gas is prepared by injection ofisolttions
intity of phenol (The mixture must be prepared the same day as the analysis).\The peak

lutions containing phenol are prepared, diluting commergially available solutions
in methanol/water (60/40) solution.

urve and calculate atmospheric concentrations using Formula (34) as stated in 5.20.1

peatability and reproducibility

been collected yet.

|

ne
zene by high performance liquid chromatography (HPLC)

plication and Jimitations

and 5.21.153.

5.21.1.2 Se

nsitivity and selectivity

e peak area of the test solution corresponding to phenol with those obtained for

ative
with
hireas
d the

(see

the

The limit of

détection is 0,01 pg/ml of benzene in solution.

No known interference except with possible co-elutants.

5.21.1.3 Ot

her considerations

This method permits the analysis of several other organic species at the same time. A sufficient running
time is necessary to ensure all the peaks have been eluted (about 30 min).

The method uses methanol/water solution for trapping. Ensure that smoke coming into impinger is
under 60°C during all the test.
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5.21.1.4 Analysis principles

Benzene is trapped into a solution of methanol/water. The solution is filtered, then analysed. The
separation is carried out on a reverse-phase column (for example C18) followed by ultraviolet detection;
see References [22],[23],[24],[25].

5.21.1.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.3 for general principles of the method. However,
for the analysis of benzene by HPLC, the specific information in 5.21.1.6 to 5.21.1.10 is relevant.

5.21

The
impi
recoj

5.21
5.21
Liqu
5.21

5.21

Dilut]
obta

5.21

Flow]

1.6 Sampling

following procedure has been found suitable. Pump the fire atmosphere through-twqd
hgers, containing 250 ml of Methanol/water solution, in proportion 60/40, at 21/min fo
‘d the total volume sampled.

1.7 Analysis

1.7.1 Reagents

d chromatography grade reagents should be used where possible.
1.7.1.1 Absorbing solution and Eluent, methanol/water, 60/40.

1.7.1.2 Standard solutions

e benzene solution contained in volumetri¢cflasks with eluent and make up to volum
n several standard solutions between 0;34 mg/l and 100 mg/1. Prepare freshly every d:

1.7.2 Protocol

rate should be set at about ¢l ml/min (depending on the column) and detection is cz

non-fritted
- 20 min and

b in order to
Ly.

rried out at

271 nm. The sample injection yolume is 20 pl and it is advisable to inject at least 10 times the volume to

fill th

5.21

Stan
dete
soluf]

le sample loop completely;
1.8 Calibration
lard solutiopsare injected into the system and a chart recorder or an integrator n

ion. A calibration curve is then obtained.

honitors the

‘tor response: The peak area monitored is directly related to the concentration of each standard
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5.21.1.9 Calculations

Compare the peak area of the test solution corresponding to benzene with those obtained for the
calibration curve and calculate atmospheric concentrations using Formula (33):

— ptsXVas

33
Via Xe (33)

Pbz

where

Pbz is the concentration of benzene, expressed in grams per litre of atmosphere;

pts is the concentration, expressed in grams per litre, of benzene in the test solution;
Vas is the volume, expressed in litres, of the absorbing solution;
Via is the volume, expressed in litres, of the test atmosphere;

e isthe collection efficiency of the trapping system experimentally determined using a train of
twd traps.

5.21.1.10 Repeatability and reproducibility

No data has[been collected yet.
5.21.2 Bengene by GC-MS in gas phase

5.21.2.1 Application and limitations

Benzene is dollected in gas phase, and then analysed-by GC-MS.

5.21.2.2 Sepnsitivity and selectivity
The limit of detection is 2 pl/1 of benzene\in gas phase.[2]
No known interference.

The method|is also adapted to.d€termine concentrations in acrolein, carbon disulphide, toluene, xyjlene,
styrene, acrjylonitrile, formaldehyde and acetaldehyde.

5.21.2.3 Analysis principles

Benzene is ¢ollected in suitable gas bag, then analysed in gas phase. The separation is carried olit on

a capillary ¢olidmn followed by a MS “quadrupole” mass selective detector used in Electronic Imppact
mode; see RWMMWWH&MMMMETIC)

obtained on fragments.

5.21.2.4 Sampling

The following procedure has been found suitable. Pump the fire atmosphere in a gas bag at 2 1/min for
20 min and record the total volume sampled. These sampling parameters may to be varied if necessary.

5.21.2.5 Analysis

5.21.2.5.1 Analytical conditions

The conditions proposed hereunder have been found suitable for such analysis. These parameters may
to be varied if necessary.
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ISO 1970

2.5.1.1 GC separation

1:2013(E)

— Splitless injection in pulsed mode of the volume of gas with an automatic valve equipped with an

S

tainless steel loop of 0.5 ml.

— Gas vector: helium (1 ml/minute), flow of gas vector 3 ml/min at the injection for 12 s followed by a
flow rate of gas vector of 1 ml/minute.

— Capillary column, stationary phase: 5 % methylphenylsilicone or equivalent, Length 30 m at least,
internal diameter: 0.25 mm, thickness of non polar phase (reverse phase) 0.25 um.

— Furnace ramp:

This |temperature programme allows a first separation of volatile compounds and the peal
to ellite the gases with high boiling points and to eliminate other/heavy compounds from t}

5.21

Deteftion is ensured by a MS detector type quadrupole mass selective detector in Electy
(fragmentation). The time interval selected is one spectrum every 1.5 s on the fragments ol

screg
elimi

5.21

Analysis is done using Total lonic curtrent (TIC). Libraries such as NIST library are used fo
recognition of compounds. A standard containing the required gas is prepared by injectior
quallzity of benzene (liquid) in a:40-1 bag containing air. (The mixture must be prepared t

as th
give
spec

+ followed by a temperature ramp: 15°C/min until 180°C, in order to elute high h

1+ 180°C until the end of analysis.

—initial temperature: 2°C or lower for 6 min (oven cooled with liquid N3) (the. ot
avoid the lost of low boiling point compounds),

compounds,

2.5.1.2 MS detection

ning from 25 m/z to 200 m/z. This enables the fragments of air injected in the inle
nated without loss of the compounds to be dnalysed.

2.5.1.3 Quantification

by the standards and the concentration of compounds is calculated using TIC chron
fic fragments of each-compound. Fragmentation of benzene is described in the followi

Tablé.8 — Fragmentation of benzene in analytical conditions proposed

jective is to

oiling point

k of air, then
e column.

onic impact
tained after
valve to be

- qualitative
of a known
he same day

analysis). The peak areas.representative of the compounds to be analysed are compafred to those

atogram on
ng table:

Importance of other
Principal peak fragments in %

Typical retention Fragme|

hts used for

(parent) atm/z

compared to parent

fragments

Compotnd (normalized to peaks times quantification
100 %) (>50 % compared to (minutes) (iR m/z)
Parent)
benzene 78 No other important 77 78

5.21.2.6 Calibration

Standard gas mixtures are prepared by injecting benzene into a gas collection bag containing 40 1 of air.
Analytical grade chemicals are used and purity is considered in calculation of final concentrations. The
bag is then warmed to ensure evaporation of the liquid benzene and samples are then taken from the
bag for analysis in the GC-MS.

Benzene is injected in gas bags using a syringe to prepare a range of concentration as shown in the table

below:
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Table 9 — Preparation of gas standards of benzene

Reagent Volume of benzene introduced
ul
20 | 50 | 100 | 200 | 250 | 500 | 1000 | 2000 | 2500

Volume of gas bag: 40 L

Mass of benzene introduced in gas bag
(mg) 1.77 | 4.42 | 8.83 17.7 221 442 88.3 177 221

Concentration of benzene (mg/m3)

(assuming a perfect gas at 20°C,
101 325 Pa) 44.2 110 221 442 552 1104 2208 4415 5519

If other gas¢s are analysed at the same time, it is often needed to prepare them in separate standards
because of the immiscibility of some compounds

5.21.2.7 Callculations

No further [calculation is required. The method compares directly TIC from(samples to standards
expressed i mg/m3.

5.21.2.8 Rdpeatability and reproducibility

Data are avdilable in Reference [12] for AFAP-3 fire model.[2]
5.22 Tolugne (Methylbenzene)
5.22.1 Tolyene by high performance liquid chromatoegraphy (HPLC)

5.22.1.1 Application and limitations

See 5.22.1.2[and 5.22.1.3.

5.22.1.2 Sepnsitivity and selectivity

The limit of detection is 0,01 ug/ml‘oftoluene in solution.

No known interference except with possible co-elutants.

5.22.1.3 Other considerations

This method permit$ithe analysis of several other organic species at the same time. A sufficient running
time is necepsary;to.ensure all the peaks have been eluted (about 30 min).

The method|usés methanol/water solution for trapping. Ensure that smoke coming into impinger i less
than 60°C during the entire test.

5.22.1.4 Analysis principles

Toluene is trapped into a solution of methanol/water. The solution is filtered, then analysed. The
separation is carried out on a reverse-phase column (for example C18) followed by ultraviolet detection;
see References [22],[23],[24],[25].

5.22.1.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.3 for general principles of the method. However,
for the analysis of toluene by HPLC, the specific information in 5.22.1.6 to 5.22.1.10 is relevant.
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5.22.1.6 Sampling

The following procedure has been found suitable. Pump the fire atmosphere through two non-fritted
impingers, containing 250 ml of Methanol/water solution, in proportion 60/40, at 2 1/min for 20 min and

reco

rd the total volume sampled.

5.22.1.7 Analysis

5.22.1.7.1 Reagents

Liquid chromatography grade reagents should be used where possible.

5.22}1.7.1.1 Absorbing solution and Eluent, methanol/water, 60/40.

5.22(1.7.1.2 Standard solutions

Dilutle toluene solution contained in volumetric flasks with eluent and make.tp to volumg¢ in order to

obtaln several standard solutions between 0,1 mg/1 and 100 mg/1. Prepate)freshly every day.

5.22}1.7.2 Protocol

Flow| rate should be set at about 1 ml/min (depending on theyeplumn) and detection is c4

rried out at

271 pm. The sample injection volume is 20 pl and it is advisable to inject at least 10 times the volume to

fill the sample loop completely.

5.22}1.8 Calibration

Stanflard solutions are injected into the systemand a chart recorder or an integrator n

dete

solutlion. A calibration curve is then obtained.

5.22}1.9 Calculations

Compare the peak area of the\test solution corresponding to toluene with those obta
calibration curve and calculate-atmospheric concentrations using Formula (34):

where

Ao is thesconcentration, expressed in grams per litre, of toluene in the atmosphere;

Aw&-15 the concentration, expressed in grams per litre, of toluene in the test solution;

‘tor response. The peak area monitored-is directly related to the concentration of ea|

— ptS XVas

to =
Via Xe

honitors the
ch standard

ned for the

(34)

Vas is the volume, expressed in litres, of the absorbing solution;

Vta is the volume, expressed in litres, of the test atmosphere;

two traps.

5.22.1.10 Repeatability and reproducibility

No data has been collected yet.
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5.22.2 Toluene by GC-MS in gas phase

5.22.2.1 Application and limitations

Toluene is collected in gas phase, and then analysed by GC-MS.

5.22.2.2 Sensitivity and selectivity

The limit of

detection is 5 pl/1 of toluene in gas phase.[2]

No known interference.

The method
styrene, acr

5.22.2.3 Arx

Toluene is ¢
a capillary

mode; see R
obtained on

is also adapted to determine concentrations in acrolein, carbon disulphide, benzene, x¥
ylonitrile, formaldehyde and acetaldehyde.

jalysis principles
pllected in suitable gas bag, then analysed in gas phase. The separation is carried o

pferences [2],[27],[28]. Quantification is performed with analysis oftotal ionic current
fragments.

5.22.24 S

The follow
20 min and

5.22.2.5 Arx

5.22.2.5.1 Analytical conditions

The conditiq
to be varied

5.22.2.5.1.1

Splitles
stainles

Gas vec

flow rate of gas vector of 1 ml/minute.

Capillar]
interna

pling

procedure has been found suitable. Pump the firexatmosphere in a gas bag at 2 1/mi
record the total volume sampled. These sampling parameters may to be varied if neceg

alysis

ns proposed hereunder have beenfound suitable for such analysis. These parameters
if necessary.

GC separation

s steel loop of 0.5 m¥;

for: helium (ml/minute), flow of gas vector 3 ml/min at the injection for 12 s followed

y column, stationary phase: 5 % methylphenylsilicone or equivalent, Length 30 m at
diameter: 0.25 mm, thickness of non polar phase (reverse phase) 0.25 pm.

b injection in pulsed mode of the volume of gas with an automatic valve equipped wit

lene,

it on

folumn followed by a MS “quadrupole” mass selective detector used-in Electronic Impact

TIC)

n for
sary.

may

h an

by a

east,

the

Furnaceramp:

lost of low boiling point compounds).

compounds,

180°C until the end of analysis

Initial temperature: 2°C or lower for 6 min (oven cooled with liquid N37) (the objective is to avoid

Followed by a temperature ramp: 15°C/min until 180°C, in order to elute high boiling point

This temperature programme allows a first separation of volatile compounds and the peak of air, then
to elute the gases with high boiling points and to eliminate other heavy compounds from the column.

78

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=6f94998ae1871a11fcd138a0f0c12429

ISO 19701:2013(E)

5.22.2.5.1.2 MS detection

Detection is ensured by a MS detector type quadrupole mass selective detector in Electronic impact
(fragmentation). The time interval selected is one spectrum every 1.5 s on the fragments obtained after
screening from 25 m/z to 200 m/z. This enables the fragments of air injected in the inlet valve to be
eliminated without loss of the compounds to be analysed.

5.22.2.5.1.3 Quantification

Analysis is done using Total lonic current (TIC). Libraries such as NIST library are used for qualitative
recognition of compounds. A standard containing the required gas is prepared by injection of a known
quavlzlty of toluene (Iiquid) in a 40-I bag containing air. (The mixture must be prepared.the same day

as the analysis). The peak areas representative of the compounds to be analysed are compared to those
given by the standards and the concentration of compounds is calculated using TIGchronjatogram on
specific fragments of each compound. Fragmentation of toluene is described in the\following table:

Table 10 — Fragmentation of toluene in analytical conditions proposed

Importance of other
o 0
Principal peak fragments in % Typical retention Fragmepts used for
(parent) atm/z compared to parent \ s
Compound . times quantification
(normalized to peaks (minutes) (ih m/2)
100 %) (>50 % compared to
parent)
1 fragment
toluene 92 92 (70 %) = molar 10 92

5.22(2.6 Calibration

Stanflard gas mixtures are prepared by injecting toluene into a gas collection bag containing 40 1 of air.
Analytical grade chemicals are used and-purity is considered in calculation of final concentrations. The
bag is then warmed to ensure evaporation of the liquid toluene and samples are then taken from the bag
for apalysis in the GC-MS.

Tolugne is injected in gas bagsusing a syringe to prepare a range of concentration as showr] in the table
beloyv:

Table 11 — Preparation of gas standards of toluene

Reagent Volume of toluene introduced
ul
20 | 50 [ 100 | 200 | 250 | 500 | 1000 | 2040 | 2500

Volume of gas bag: 40 L

Mass of toluene introduced in gas bag
(mg) 1.72 | 4.30 | 8.60 17.2 21.5 43.0 86.0 172 215

Concentration of toluene (mg/m3)
(assuming a perfect gas at 20°C,
101 325 Pa) 43.0 108 215 430 538 1075 2150 4300 5375

If other gases are analysed at the same time, it is often needed to prepare them in separate standards
because of the immiscibility of some compounds

5.22.2.7 Calculations

No further calculation is required. The method compares directly TIC from samples to standards
expressed in mg/m3.
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5.22.2.8 Repeatability and reproducibility

Data are available in Reference [12] for AFAP-3 fire model.[2]

5.23 Styrene (Phenylethene)

5.23.1 Styr

ene by high performance liquid chromatography (HPLC)

5.23.1.1 Application and limitations

See 5.23.1.2r=

PR I milile Lo I s }
MU J.LJ.1.9.

5.23.1.2 Se

The limit of

No known interference except with possible co-elutants.

5.23.1.3 Ot

This method
time is nece

The method
under 60°C

5.23.1.4 Arx

Styrene is f{
separation i
see Referen

5.23.1.5 Pr

See Clause 4
for the analy

nsitivity and selectivity

detection is 10 pg/ml of styrene in solution.

her considerations

| permits the analysis of several other organic species at the same time. A sufficient ruy
ssary to ensure all the peaks have been eluted (about 30 nlin).

uses methanol/water solution for trapping. Ensure that smoke coming into imping
Huring all the test.

Jalysis principles

rapped into a solution of methanol/water. The solution is filtered, then analysed
5 carried out on a reverse-phase column.for example C18) followed by ultraviolet deted
pes [22],[23],[24],[25].

ocedure

for principles of sampling.and C.5.1 and C.5.3 for general principles of the method. How
rsis of styrene by HPLC, the specific information in 5.23.1.6 to 5.23.1.10 is relevant.

5.23.1.6 S

The follow
impingers, @
record the t

pling

procedurechas been found suitable. Pump the fire atmosphere through two non-fn
ontaining 250 ml of Methanol/water solution, in proportion 60/40, at 2 1/min for 20 mij
btal volunte sampled.

ning

er is

The
tion;

ever,

itted
h and

5.23.1.7 Arg

alysis

5.23.1.7.1 Reagents

Liquid chromatography grade reagents should be used where possible.

5.23.1.7.1.1 Absorbing solution and Eluent, methanol/water, 60/40

5.23.1.7.1.2 Standard solutions

Dilute styrene solution contained in volumetric flasks with eluent and make up to volume in order to
obtain several standard solutions between 0,1 mg/1 and 100 mg/l1. Prepare freshly every day.
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5.23.1.7.2 Protocol

Flow rate should be set at about 1 ml/min (depending on the column) and detection is carried out at
271 nm. The sample injection volume is 20 pl and it is advisable to inject at least 10 times the volume to
fill the sample loop completely.

5.23.1.8 Calibration

Standard solutions are injected into the system and a chart recorder or an integrator monitors the
detector response. The peak area monitored is directly related to the concentration of each standard
solution. A calibration curve is then obtained.

5.23{1.9 Calculations

Compare the peak area of the test solution corresponding to styrene with those obtalned for the
calibjration curve and calculate atmospheric concentrations using Formula (35}t

pts ><Vas
=— 35
Ast v, xe (35)

wherte
st is the concentration, expressed in grams per litre, of styrene in the atmosphere;
Ats is the concentration, expressed in grams per litre; 0f styrene in the test solution;
Vas is the volume, expressed in litres, of the absorbing solution;

ta is the volume, expressed in litres, of the test atmosphere;

@ 1isthe collection efficiency of the trapping system experimentally determined using a train of
two traps.

5.23{1.10 Repeatability and reproducibility

No data has been collected yet!
5.23{2 Styrene by GE-MS in gas phase

5.23}2.1 Application and limitations

Styréne can-be’analysed by gas chromatography and mass spectrometry.[39],[40] Styrene is| collected in
gas phase,\then analysed by GC-MS.

5.23.2.2 Sensitivity and selectivity
The limit of detection is 10 pl/1 of styrene in gas phase.[2]
No known interference.

The method is also adapted to determine concentrations in acrolein, carbon disulphide, benzene, toluene,
xylene, acrylonitrile, formaldehyde and acetaldehyde.

5.23.2.3 Analysis principles

Styrene is collected in suitable gas bag, then analysed in gas phase. The separation is carried out on
a capillary column followed by a MS “quadrupole” mass selective detector used in Electronic Impact
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mode; see References [2],[27],[28]. Quantification is performed with analysis of total ionic current (TIC)
obtained on fragments.

5.23.2.4 Sampling

The following procedure has been found suitable. Pump the fire atmosphere in a gas bag at 2 1/min for
20 min and record the total volume sampled. These sampling parameters may to be varied if necessary.

5.23.2.5 Analysis

5-23-2-5-1 Alld}ytibd} LUllditiUllb

The conditi¢ns proposed hereunder have been found suitable for such analysis. These paranietery may
to be varied|if necessary.

5.23.2.5.1.1 GC separation

— Splitles$ injection in pulsed mode of the volume of gas with an automatic valve equipped with an
stainleds steel loop of 0.5 ml.

— Gas vector: helium (1 ml/minute), flow of gas vector 3 ml/min at the/injection for 12 s followed by a
flow rate of gas vector of 1 ml/minute.

— Capillany column, stationary phase: 5 % methylphenylsiliconé-or equivalent, Length 30 m at least,
internal diameter: 0.25 mm, thickness of non polar phase (réverse phase) 0.25 pm.

— Furnacd ramp:

— Initjial temperature: 2°C or lower for 6 min (oven‘¢ooled with liquid N3) (the objective is to avoid
thellost of low boiling point compounds),

— Fo‘llLowed by a temperature ramp: 15°€/min until 180°C, in order to elute high boiling point
conppounds,

— 180°C until the end of analysis.

This temperjature programme allowsja first separation of volatile compounds and the peak of air,|then
to elute the gases with high boilifg points and to eliminate other heavy compounds from the column.

5.23.2.5.1.2 MS detection

Detection if ensured by-a MS detector type quadrupole mass selective detector in Electronic imppact
(fragmentatfion). The\time interval selected is one spectrum every 1.5 s on the fragments obtained after
screening fijom 25.m/z to 200 m/z. This enables the fragments of air injected in the inlet valve fo be
eliminated yitheut loss of the compounds to be analysed.

5.23.2.5.1.3 Quantification

Analysis is done using Total lonic current (TIC). Libraries such as NIST library are used for qualitative
recognition of compounds. A standard containing the required gas is prepared by injection of a known
quantity of styrene (liquid) in a 40 I bag containing air. (The mixture must be prepared the same day
as the analysis). The peak areas representative of the compounds to be analysed are compared to those
given by the standards and the concentration of compounds is calculated using TIC chromatogram on
specific fragments of each compound. Fragmentation of styrene is described in the following table:
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Table 12 — Fragmentation of styrene in analytical conditions proposed

1:2013(E)

Importance of other
- - 0
Principal peak fragments in % Typical retention Fragments used for
(parent) atm/z compared to parent . e s
Compound . times quantification
(normalized to peaks (minutes) (in m/z)
100 %) (>50 % compared to
parent)
No other important
styrene 104 fragments 12,4 104

5.232-6—Calibration

Stanflard gas mixtures are prepared by injecting styrene into a gas collection bag containing 40 | of air.

Analjtical grade chemicals are used and purity is considered in calculation of final ¢oncent
bag is then warmed to ensure evaporation of the liquid styrene and samples are then taken f
for analysis in the GC-MS.

rations. The
rom the bag

Styré¢ne is injected in gas bags using a syringe to prepare a range of concentration as showr] in the table
beloyv:
Table 13 — Preparation of gas standards of styrene
Reagent Volume of styrene introduced
ul
20 | 50 | 100 %200 | 250 | 500 | 1000 | 2040 | 2500
Volume of gas bag: 40 L
Mass|of styrene introduced in gas bag
(mg) 1.81 | 4.53 9.06 18.1 22.7 45.3 90.6 181 227
Concentration of styrene (mg/m3)
(assujming a perfect gas at 20°C,
101 325 Pa) 45.3 113 227 453 566 1133 2265 4530 5663

If other gases are analysed at the, same time, it is often needed to prepare them in separat

beca

5.23

No f
expr

5.23

Data

1se of the immiscibility of sene compounds

2.7 Calculations

irther calculation\is required. The method compares directly TIC from samples t
pssed in mg/ndt3.

2.8 Repeatability and reproducibility

aredavailable in Reference[12] for AFAP-3 fire model.[2]

e standards

b standards

5.24 Acrylonitrile and other nitriles by GC-MS in gas phase

5.24.1 Application and limitations

These compounds can be analysed by gas chromatography and mass spectrometry.[39],[41] Acrylonitrile
and other nitriles are collected in gas phase, then analysed by GC-MS. GC/FID has been found suitable too.[2]

5.24

.2 Sensitivity and selectivity

The limit of detection is 4 pl/1 of acrylonitrile in gas phase.[2]

No known interference.
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The method is also adapted to determine concentrations in acrolein, carbon disulphide, benzene, toluene,
xylene, styrene, formaldehyde and acetaldehyde.

5.24.3 Analysis principles

Acrylonitrile and other nitriles are collected in suitable gas bag, then analysed in gas phase. The
separation is carried out on a capillary column followed by a MS “quadrupole” mass selective detector
used in Electronic Impact mode; see References [2],[27],[28]. Quantification is performed with analysis
of total ionic current (TIC) obtained on fragments.

5.24.4 Sampling

The followillg procedure has been found suitable. Pump the fire atmosphere in a gas bag at 2.1/min for
20 min and record the total volume sampled. These sampling parameters may to be varied ifjnecegsary.

5.24.5 Analysis

5.24.5.1 Analytical conditions

The conditigns proposed hereunder have been found suitable for such analysis. These parametery may
to be varied|if necessary.

5.24.5.1.1 GC separation

— Splitles$ injection in pulsed mode of the volume of gas with an automatic valve equipped wfith a
stainleds steel loop of 0.5 ml.

— Gas vecfor: helium (1 ml/minute), flow of gas vector’3 ml/min at the injection for 12 s followed by a
flow rate of gas vector of 1 ml/minute.

— Capillarfy column, stationary phase: 5 % methylphenylsilicone or equivalent, Length 30 m at least,
internal diameter: 0.25 mm, thickness ofhon polar phase (reverse phase) 0.25 pm.

— Furnacg ramp:

— Initjial temperature: 2°C or lower for 6 min (oven cooled with liquid N2) (the objective is to avoid
thellost of low boiling point.compounds);

— FoLlLowed by a temperature ramp: 15°C/min until 180°C, in order to elute high boiling point
conmpipounds;

— 180°C until the/end of analysis.

This temperature-programme allows a first separation of volatile compounds and the peak of air,|then
to elute the gases with high boiling points and to eliminate other heavy compounds from the column.

5.24.5.1.2 MS detection

Detection is ensured by a MS detector type quadrupole mass selective detector in Electronic impact
(fragmentation). The time interval selected is one spectrum every 1.5 s on the fragments obtained after
screening from 25 m/z to 200 m/z. This enables the fragments of air injected in the inlet valve to be
eliminated without loss of the compounds to be analysed.

5.24.5.1.3 Quantification

Analysis is done using Total lonic current (TIC). Libraries such as NIST library are used for qualitative
recognition of compounds. A standard containing the required gas is prepared by injection of a known
quantity of acrylonitrile (liquid) in a 40 I bag containing air. (The mixture must be prepared the same day
as the analysis). The peak areas representative of the compounds to be analysed are compared to those

84 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=6f94998ae1871a11fcd138a0f0c12429

ISO 19701:2013(E)

given by the standards and the concentration of compounds is calculated using TIC chromatogram on
specific fragments of each compound. Fragmentation of acrylonitrile is described in the following table:

Table 14 — Fragmentation of acrylonitrile in analytical conditions proposed

Principal peak
(parent) atm/z

Importance of other
fragments in %
compared to parent

Typical retention

Fragments used for

Compound (Normalized to peaks t-imes quaptification
100 %) (>50 % compared to (minutes) (inm/z)
parent)
2 frqgmpnfc
acrylonitrile 53 26 (85 %) 3,2 53
52 (79 %)

5.24

Stan
air. A
The
from

Acry]
thet

6 Calibration

hble below:

lard gas mixtures are prepared by injecting acrylonitrile into a gasiegllection bag contg
nalytical grade chemicals are used and purity is considered in éalculation of final concentrations.
bag is then warmed to ensure evaporation of the liquid acrylonitrile and samples ar¢ then taken
the bag for analysis in the GC-MS.

lonitrile is injected in gas bags using a syringe to prepare a range of concentration

Table 15 — Preparation of gas'standards of acrylonitrile

1ining 40 1 of

hs shown in

Reagent Volume of acrylonitrile introduced
ul
2,0:0-50 | 100 | 200 | 250 | 500 | 1000 | 2040 | 2500
Volume of gas bag: 40 L

Mass|of acrylonitrile introduced in gas
bag (Ing) 1.61 | 4.03 8.06 16.1 20.2 40.3 80.6 161 202
Concentration of acrylonitrile (mg/m3)
(assujming a perfect gas at 20°C;
101 325 Pa) 40.3 101 202 403 504 1008 2015 4030 5038

If other gases are afialysed at the same time, it is often needed to prepare them in separat
1se of the imimiScibility of some compounds

beca

5.24
No f

7 Caleculations

irther calculation is required. The method compares directly TIC from samples t

e standards

b standards

expr

I L 2
CSSTU I TG /T

5.24.8 Repeatability and reproducibility

Repeatability and reproducibility were estimated in fire effluents from various materials, considering
AFAP-3 fire model,[2] in GC with a combination between MS and FID detection techniques.[12] For yield
around 0,4 mg/g, repeatability has been estimated as 12 % and reproducibility has been estimated
as 294 %. For yield around 1,9 mg/g, repeatability has been estimated as 44 % and reproducibility
has been estimated as 97 %. For yield around 2,9 mg/g, repeatability has been estimated as 39 % and
reproducibility has been estimated as 85 %.
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5.25 Formic acid
5.25.1 Formic acid by high performance ion chromatography (HPIC)

5.25.1.1 Application and limitations

See 5.25.1.2 and 5.25.1.3.

5.25.1.2 Sensitivity and selectivity

This technigue—ts—eapable-ef-measuringconeentration 2 of—wHthi—the
of 0,5 pg/m| to 20 pg/ml. For measurement of higher concentrations, accurate dilution of the'sa
solution is nlecessary.

This technifiue is specific to formiate ions in aqueous solution. Co-elutants can intexfere with the
accuracy of the results.

Other aniong can also be analysed at the same time.

5.25.1.3 Other considerations

None.

5.25.1.4 Analysis principles

The separation is carried out on an anion-exchange colunmin-followed by conductimetric detegtion,
without chemical suppression.

5.25.1.5 Priocedure

See Clause 4 for principles of sampling and C.5.1@nd C.5.2 for general principles of the method. However,
for the analysis of phosphates by HPIC, the spegific information in 5.25.1.6 to 5.25.1.10 is relevant:

5.25.1.6 STpling

The following procedure has been found suitable; see AFNOR NF X70-100-1[1]1 and AFNOR NF X70¢100-
2.[15] Pump(the fire atmosphepesat 2 1/min for 20 min through a non-fritted then a fritted impinger,
containing 15 mland 150 mlrespectively, of water and record the total volume sampled. These sampling
parametersjmay be varied(fymecessary to suit conditions.

5.25.1.7 Analysis

5.25.1.7.1 ll(eagents

Liquid chromatography grade reagents should be used where possible.
5.25.1.7.1.1 Absorbing solution, deionized water.
5.25.1.7.1.2 Eluents, 0,001 7 mol/1 sodium hydrogen carbonate and 0,001 8 mol/l sodium carbonate.

5.25.1.7.1.3 Standard formiate solutions

Dilute formic acid solution in distilled water contained in volumetric flasks and make up to volume in
order to obtain several calibration solutions. Prepare freshly each day.
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5.25.1.7.2 Protocol

Flow

rate should be set at 2 ml/min.

Direct analysis of the unknown solution can be carried out. The sample injection volume is 25 pul and it
is advisable to inject at least 10 times the volume to fill the sample loop completely.

5.25.1.8 Calibration

Standard solutions of formiate are injected into the system and a chart recorder or an integrator
monitors the detector response. The peak area monitored is directly related to the concentration of

each

5.25
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5.25

Repd

AFAR-3 fire modeli[2] in a combination between HPIC and FTIR techniques.[12] For yield arou

repe
arou
263

been|

of the stamdard solutions-Acatibration s themr prepared:

1.9 Calculations

pare the peak area of the test solution corresponding to formiate ions with'those obt4
ration curve and calculate atmospheric concentrations, expressed as formic acid (HC
ula (36):
P x1,022XV

Vi, Xe

HCOOH =

e

ts is the concentration, expressed in grams_per litre, of formiate ions in the test
,022  is the conversion factor from formigtes to formic acid equal to 46/45;

(as is the volume, expressed in litr€s, of the absorbing solution;

'ta is the volume, expressed inilitres, of the test atmosphere;

is the collection efficiency of the trapping system experimentally determined
train of two traps:

1.10 Repeatability and reproducibility

atability and-reproducibility were estimated in fire effluents from various materials,

htability<has been estimated as 12 % and reproducibility has been estimated as 228
hd 3,2 1g/g, repeatability has been estimated as 34 % and reproducibility has been ¢
0. For yield around 13,9 mg/g, repeatability has been estimated as 24 % and reprod
estimated as 267 %.

ined for the
OOH), using

(36)

HcooH is the concentration, expressed in grams per.litre, of the formic acid in atmosphere;

bolution;

using a

considering
nd 2,1 mg/g,
0. For yield
stimated as
Licibility has

5.25.2 Formic acid by high performance liquid chromatography (HPLC)

5.25.2.1 Application and limitations

See 5.25.2.2 and 5.25.2.3.

5.25.2.2 Sensitivity and selectivity

The limit of detection is 0,01 pg/ml of formiates in solution.

No known interference except with possible co-elutants.
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5.25.2.3 Other considerations

This method permits the analysis of several other organic acids at the same time. A sufficient running
time is necessary to ensure all the peaks have been eluted (about 30 min).

5.25.2.4 Analysis principles

Formic acid is trapped as formiate ions into a solution of water. The solution is filtred, then analysed. The
separation is carried out on a reverse-phase column (for example C18) followed by ultraviolet detection;
see References [22],[23],[24],[25].

5.25.2.5 Procedure

See Clause 4 for principles of sampling and C.5.1 and C.5.3 for general principles of the methed:FHowjever,
for the analysis of formiates by HPLC, the specific information in 5.25.2.6 to 5.25.2.10 is relevant.

5.25.2.6 Sa.[npling
The following procedure has been found suitable. Pump the fire atmosphere®hrough two non-frjitted
impingers, containing 250 ml of water solution, at 21/min for 20 min and recorid the total volume samjpled.

5.25.2.7 Analysis

5.25.2.7.1 Ieagents

Liquid chrofatography grade reagents should be used wheté possible.

5.25.2.7.1.1 Absorbing solution, deionized water.
5.25.2.7.1.7 Eluent, methanol/water (60/40).

5.25.2.7.1.3 Standard solutions

Dilute formic acid solution in eluent dontained in volumetric flasks and make up to volume in order to
obtain sevefal calibration solutions'bétween 0,1 mg/l and 100 mg/l. Prepare freshly each day.

5.25.2.7.2 Protocol

Flow rate should be set@t-about 1 ml/min (depending on the column) and detection is carried qut at
maximum wavelength 'determined on a preliminary spectral analysis. The sample injection volune is
20 pl and it {s advisable to inject at least 10 times the volume to fill the sample loop completely.

5.25.2.8 quibration

Standard solutions are injected into the system and a chart recorder or an integrator monitors the
detector response. The peak area monitored is directly related to the concentration of each standard
solution. A calibration curve is then obtained.

5.25.2.9 Calculations

Compare the peak area of the test solution corresponding to formiates with those obtained for the
calibration curve and calculate atmospheric concentrations using Formula (42) as stated in 5.25.1.9.

5.25.2.10 Repeatability and reproducibility

No data has been collected yet.
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Total hydrocarbons by FID

The term “total hydrocarbons” is very misleading because it is defined only by the response of the
detector, e.g. flame ionization or catalytic detectors, which is an indication of the concentration of
combustible gases or vapours in an atmosphere. These detectors can also react to oxygenated species
(alcohols, aldehydes, ketones), nitriles, and amines that are present in fire effluents [39],[42],[43], [44]

The range of molecular weights of “total hydrocarbons” cannot easily be defined because hydrocarbons
and other combustible species are in both vapour and/or condensed form.

For these two major reasons, it is not considered possible to obtain a true measurement of “total

hydr
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Isocyanates

ranates are very reactive species and analysis is normally based on dérivatization folloy
rmance liquid chromatography (HPLC). Sensitized paper detectofs are available by
a lack of specificity. Also, the isocyanates can readily dimerize-dnd trimerize and carg
particular species is required. Errors can arise through idterferences from water
rences between laboratory methods and realistic fires cariresult in wide differences ij
sis results.[45]

Oxygenated organic species

nge of oxygenated organic species is important as irritant compounds. Techniques
matography (see C.5.4) often coupled with mass spectrometry (see C.6) have been used
e compounds.
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