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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The reduction of human tenability from fire effluent has long been recognized as a major cause of injury
and death in fire. The composition and concentration of the effluent from a large fire are also clearly
key factors in determining the potential for harm to the environment. The harmful components of fire
effluent can be determined from both large-and small-scale tests of materials and finished products.
Equations have been developed for quantifying the effects of the effluent components, for example,
to estimate the available safe egress time (ASET). Related documents are also being developed in

ISO

TC92 SC3 which deal with environmental threats from fire effluent.

These advances in fire science and fire safety engineering have led to an increasing-d

qu
med
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Iten
fing
safe

titative measurements of the chemical components of the fire effluent. Character
lsurements is a key factor in evaluating the quality of the quantitative data qreduc
racterization is developed over four items.

h 1: Define the objective of the analysis. Before undertaking a chemical analysis of fire e
1 objective of the analysis should be established. For example, the objective might be p4

tox

Ite
de

anallytical chemical technique. Precision means the tolerable uncertainty in the measured

ty engineering design of a building, validation of a numerical fire model, or determing
c potency of the effluent from a particular combustible item.

2: Determine the degree of accuracy and precision required from the analysis. A
ndent on a combination of the physical fire model being used, the sampling of the efflu

emand for
zing these
ed. Such a

ffluent, the
irt of a fire
tion of the

ccuracy is
bnt and the
result. For

example, in an FED (Fractional Effective Dose) calculation,where the individual contribution of a range

of different species to the overall toxic potency of a fire effluent is estimated, interest might
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whi

Iten
pre
and|

Iten
wit

appjropriate, sufficient, and adequate data for a particular application. This evaluation nor

con
esp
are

Different methods-niay be deemed suitable for the particular application and for consist¢

inte
the
trug

centrations which might incapacitate people of average sensitivity to the effluent, to con
ch show negligible toxic effect over a long exposure period.

bent. Guidance on options for measuring.a wide variety of chemical species is provided in
1SO 19702.

h 4: Evaluate the suitability of the'chosen method considering specificity. For chemical 3
h any other measurement, it is important to evaluate a specific methodology for its ability

sider a range of factors, including repeatability, reproducibility, and a measurement of

bcially for laboratories ‘working under ISO 17025 rules. For fire effluent toxicity, these
discussed in [SO 19706.

rpretation ofiresults from these different methods, it is also important to be able

bness andithe fidelity of a measurement technique.

Fange from
fentrations

h 3: Select the appropriate chemical analyti¢al methods, considering specificity, i.e. the ¢ther gases

ISO 19701

nalyses, as
to provide
lly has to

uh
certainty,

properties

bncy in the
0 compare

validity of\the analytical technique used. In the field of fire effluents, many factors can affect the
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Validation methods for fire gas analyses —

Part 2:
Intralaboratory validation of quantification methods
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Scope

5 document describes tools and techniques for use in validating the analysis of fire-gas¢s when an
ytical method is developed in a laboratory. It complements ISO 12828-1, which deals with limits of
tification and detection.

tools and techniques described can be applied to the measurement of gtrantities, con¢gentrations
lar and mass), volume fractions, and concentration or volume fraction'versus time anglyses. Fire
lents are often a complex matrix of chemical species, strongly dependent on the materi ls involved
he fire, but also dependent on fire scenario parameters (see ISO '19706). With such a
onditions, the analytical techniques available will differ in tépms of the influence of the matrix
he methods and on the concentration ranges which can be/measured. The analytical fechniques
lable are likely to differ significantly in several respects;such as their sensitivity to the matrix and
range of concentrations/volume fractions which canthe reliably measured. For these|reasons, a
ue reference analytical technique for every fire effluent of interest is, in practical terms, difficult

or i

possible to achieve. The tools in this documentallow verification of the reliable mgasurement

ranges and conditions for the analysis of fire effluénts, thereby enabling a comparison amgng various

analytical techniques.

Ex

ples of existing International Standards where the information contained in this doqument can

be yised are the analytical chemical methods in ISO 19701, ISO 19702, ISO 5660-1, and thle chemical
megasurements in the methods discussed in ISO/TR 16312-2, ISO 16405, or their application to fire

toxicity assessment using ISO 13571 and ISO 13344.

NOTE1 The variable “concentration” is used throughout this document, but it can be replaced |n all places

wit

NO1
gas

2
The

con
und

“volume fraction” without @ltering the meaning. This does not apply to the Annexes.

E2 Concentration ¢an be calculated from volume fraction by multiplying by the density of the relevant
bt the relevant temperature and pressure.

Normative references

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

ISO
ISO

3

For
ISO

ISO

12828-1:2011, Validation method for fire gas analysis — Part 1: Limits of detection and quantification

5479, Statistical interpretation of data — Tests for departure from the normal distribution

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 13943, SO 5725-1, ISO 2854,
2602, 1S0 13571 and the following apply.

and I[EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2016 - All rights reserved 1


http://www.electropedia.org/
https://standardsiso.com/api/?name=231541da8240f9b8b688df1dbe9a07f5

ISO 12828-2:2016(E)

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

3.1

matrix (of fire effluents)
mixture of fire effluents in which the analyte of interest is present

Note 1 to entry: This includes all other species, solid, liquid and gas phases. It constitutes all components that
could affect analysis, such as interfering species.

4 Symbols and abbreviated terms

Yo
J1
2
Y3
iz

X1=yo/y1

X2=y1/y2
X3=y2/y3
Xa=y3/ya

Actual concentration of an analyte in a fire effluent
Concentration just after extraction by the sampling probe
Concentration after transportation to the conditioning system
Concentration at the entrance of the sensor

Concentration read by the sensing apparatus

Sampling ratio; Because of the effectiveness of the sampling probe, X1 might be more 4
1 (see 6.2 for details)

Transportation ratio (see 6.3 for details)

Conditioning ratio; X3 might be more than 1 (seé%.4 for details)

Analysis ratio; X4 might be more than 1 (seel6.5 for details)

Reported concentration of an analyte+n the gas phase

One of a number of y;, values in.a@roup

Zero order coefficient term in aregression; For a linear regression, b is the intercept
First order coefficient term in a regression; For a linear regression, b1 is the slope
Second order coefficient term in a regression.

Predicted valéefor y;, given by application of a regression model

Mean value for y;

Totalnumber of measurements

han

Sum of squares of deviations between measured values y; and mean value }i

Median square, corresponding to SCE divided by df

5 General considerations

5.1 Actual concentration and measured concentration

The objective of every chemical analysis used in fire science is to approach the actual concentration of an
analyte, yo, in fire effluents. The value of yg is unknown, as the only value measured is the concentration

© ISO 2016 - All rights reserved
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ym- The concentration yy, is affected by the measurement trueness and precision (uncertainty) of the
chosen analytical technique

The difference between yg and y,, could be significant, depending as it does, on the measurement
technique chosen. For fire gas analyses, there could be many alternative analytical techniques available,
(see ISO 19701 and ISO 19702 for examples). Stages of the analytical procedure which could affect
the measurement are sampling (e.g. probe design and temperature), transportation (e.g. size, length
and temperature of sampling lines), conditioning of sample (e.g. filtration, drying), and the analysis
efficiency. This last factor could be integrated in the trueness of the analytical technique. The different
steps of this analytical process of fire effluents and the associated efficiencies are presented in Figure 1.

Actual concentration of analyte in fire effluent Y
y
Sampling Sampling ratioX1
y
Transportation Transportation‘ratio X2
y
Conditioning Conditioning ratio X3
y
Analysis Analysis ratio X4
A
Measured concenteatior V. =X XX Xy,

Figure 1 — Measurement ratios

5.2 Selection of analytical methods with respect to the physical fire model used

The selection of aCphysical fire model has an influence on the composition of the efffluent, the
congentration of-individual components in the effluent and variations of effluent concentration with
timp. These pardmeters imply that the choice of an analytical method for fire effluents willldepend on
the|physicakfire model that produced the effluent. An analytical method validated by using a given
physsical fife'model may therefore be of limited use with another physical fire model. See ISO[19706 and
[SO[16312-1 for further details on the selection of physical fire models.

5.3 Validation of analytical techniques

Fire effluent from accidental fires is typically very specific matrix, characterized by a constantly
changing and very wide range of chemical species and their concentrations. Some analytical techniques
commonly used for combustion gas analysis are not suitable in the case of accidental fires. The selection
of a technique with a wrong selectivity for example could lead to erroneous conclusions in a safety
assessment. For example, the measurement of incinerator stack composition using solid-state detection
techniques would be too limited in selectivity for use in a fire atmosphere safety assessment.

The conditions under which the analytical method is used in practice shall not differ from the conditions
used to validate the method. This document proposes different steps to be followed and different
techniques from those used in combustion gas analysis in order to validate that an analytical technique

© IS0 2016 - All rights reserved 3
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could be applied specifically an

d meaningfully to fire effluents. The validation is therefore limited to

the specific nature of a matrix and range of concentrations within the matrix.

Due to the variety of physical

and chemical principles used in the analysis of fire effluents (see

ISO 19701 and ISO 19702), the technique and its range of application shall be rigorously defined and
selected. Figure 2 illustrates the different steps required to validate an analytical technique. Figure 3
illustrates the different steps required to compare two analytical techniques.

Limits of detection

and quantification »

Determination of application range

SO T2828-T)

Definition of calibration range

Matri Determination of uncertainties
atrix for
calibration and No

samples are

identical ? L
v
Validation of the matrx |
Yes

Specificity of the method

A

A

Y

Calibration study
(validation gf.the calibration model)

S8IjulEPadUN JO UOIBIaPISUOT)

A

Method validated

Figure 2

— Steps in validating an analytical technique
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Definition of common range for both techniques

Both technigues
are applicable to

the sames
samples 7

Companson will also inelude
additional sourges of error,
Wes e.q. include Whceftainty in
sample preparation

Freparation of datasat

Y L

Analysis with technigque 1 Analysis with technique 2

L

Comparison of variances

Comparnson of means

Analytical technigues are comparable

Figure 3 — Steps in comparing two analytical techniques

6 Sampling and measurement effectiveness

6.1 General considerations

Fire gases are a complex mixture of water, reactive/corrosive species, condensable species, aerosols,
hygroscopic components and are usually in the presence of solid particles which may adsorb or absorb
gases to a varying degree. The gases may be at temperatures between ambient and over 1 000 °C at
the sampling point. This makes the sampling and analysis of fire effluents generally a difficult process
requiring much attention to best practice procedures (e.g. as provided in ISO 19701).

© IS0 2016 - All rights reserved 5
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The analysis can be performed in situ or with an extractive sampling technique. Quantification can be
time-resolved or cumulative, depending on the end-use requirements for the data.

For the purposes of quantification, it should be recognized that in such a mixture, there is much scope
for losses from a variety of causes. In any validation process of an analytical method, great care should
be exercised to ensure that these losses are properly taken into account especially where there is a
chemical or physical modification of the analyte between sampling point and analysis point. This is of

particular importance with extractive sampling methods.[]

6.2 Sam

pling probe

Sampling
sample is
probe, pos
required p
ended tubq
for non-ho
sampling i
vary durin

In general
sampling

Ideally, the
temperatu
as possible
have to be
deposits (&
sampling,

1

fire effluents prior to their analysis should be carefully considered to ensure arepresent
tioned in the effluent. The design of a sampling probe for fire gas analysis shouldallo

b where the effluent stream is homogenous or may require holes along its)length to a
mogeneity. The location and diameter of the holes are supposed to be designed so that

indicative of the full effluent flow. Since the temperature, density and mixing of the flow
b a test, the assumption of representative sampling has limitations,

to limit flow disturbances, the sampling flow rate shall be lew in comparison with

the effluent.

ive

imately delivered to the analyser. The first part of a typical sampling system is thecampl|ing

the

prtion of the effluent to be passed on to the sampling line. The probe may be.a simple open-

low
the
can

the

effluent fl(I_w rate, and shall limit added turbulence. Some bench-scale systems require a compllete

sampling point will be in a known position with respectito the fire source in alocation wj

Clearly, these conditions will sometimes not be.mét. In some cases, the sampling probe
heated to avoid or reduce condensation. It could also be designed to limit soot partic
.g. by incorporating a microcyclone device).Where an extractive method is used for aer
sokinetic techniques shall be used (i.e. with the sampling velocity made equivalent to

Fe conditions are measured and where the effluent flow is as homogenous and representiF

lere
ve
ay
ate
hsol
the

aerosol flow velocity, see ISO 29904).

However, 4 r to

have X1 clo

1l these systems will have a limited efficiency, and technical choices are made in orde
se to 1.

6.3 Transportation of effluentfbom sampling probe to analysis system

Between sampling point and analysis point, effluent may be transported along a sampling line, trap
in a gas bdg or passed through trapping solutions or solid adsorbates. The materials in contact yith
the sampld should be carefdlly chosen to reduce losses, for example, through chemical reactivity, pnd
the temperature conditions in the sampling line should be carefully chosen to avoid losses through
condensation and/or further chemical reaction. The flow velocity shall be as high as possible (consisfent

ped

with an exfraction\rate which will not disturb the effluent stream) to minimize losses due to adsorption
on surfaces.
For example;Zsome species such as HBr have an important tendency to be physically trapped fnd

released by surfaces of sampling lines. This affects the kinetics of the analysis, and can result in
prolonged delivery of the species to be analysed with a consequent spreading of detector response.
Materials such as stainless steel, epoxy-lined stainless steel, glass (not where HF is present) or PTFE are
often used.

With sampling line temperatures, the main factors to consider are the temperature of the gas itself
and the temperature of the sampling line surfaces. Temperature is often chosen high enough to limit
condensation of water, but also of other condensable species such as formaldehyde. Nevertheless, a too
high temperature will affect the composition of the transported gas, as it is a reactive mixture, and
increases in temperature will accelerate many reactions. A range from 150 °C to 200 °C has been found
suitable for the large majority of extractive gas analysis methods used with fire effluents (ISO 19701,
ISO 19702), but analysis of some non-hygroscopic gases such as NO, CO or COz could be performed with
sampling lines at ambient temperatures.

© ISO 2016 - All rights reserved
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Because of transportation delay and the thermodynamic conditions, effluent could also react between
the sampling point and the analyser and its composition could be modified. This phenomenon
is particularly sensitive for gas bag sampling, and for species such as NOy. The main influencing
parameters here are temperature and time. It should be appreciated that the validation of various
sample transportation methods is only valid where the sampling systems have similar intervals
between times between sampling and analysis and are at similar temperatures.

6.4 Conditioning of the effluent

Effluent is often conditioned between the sampling point and the analysis point. The sampling line may
be i Ttiomd ; Ttiomd formed in
var|ous steps, e.g. pre-filtration before the sampling line then final filtration after the sampling line.

Degending on the analytical technique used (See ISO 19701 and ISO 19702), conditioning may consist
of flltration to remove soot from the effluent and/or a water trap. The water traplcould be based on
physsical drying (i.e. through cooling) or chemical drying (e.g. calcium chloride,‘silicone oxide). Other
gas|traps could be used, such as a COz remover (e.g. sodium hydroxide).

Sonpe conditioning systems also include procedures to remove specifi¢species, which could interfere
with the analysis technique, but care should be exercised to ensure thatother (wanted) spe¢ies are not
affgcted. For example, chemiluminescence analysers use converter gvens to convert NOz intgd NO before
anallysis. This operation has a limited efficiency, depending on the technique and design of the oven. For
a syitable analysis of the NO; fraction in a NOx mixture, the efficiency of the oven should be determined.

All conditioning systems have a limited and variable efficiency. For example, a gas of intérest could
be partially adsorbed on filters. The filter could be analysed after test (see ISO 19702), but|the kinetic
infqrmation is partially lost. Hygroscopic gases (HCLHBr, HF, SO, NO2) and gases with a high reactivity
arelparticularly sensitive to such losses.

Conditioning systems should, therefore, be\studied before use to determine the effefts on the
qualntification of each analyte of interest.(In addition, it is essential to check how the c¢nditioning
sysfem modifies the effluent as a whole._ This also includes the effects the conditioning system may
have on the sampling flow rate. A quantification of the mass loss in the effluent stream from sampling
point to analyser shall be determined.

6.5 Measurement technigque

No measurement technique is perfect. Analysers are selective with variable sensitivity depending on
the|mix of species present. Calibration with “pure” gases may not take into account the effects of the
other species in thehatrix of compounds in the effluent being measured.

In gddition togthese effects, the response time from the sampling point to the end of the analysis
has|to be considered. This response time is an important characteristic of the system. Infa dynamic
megsurenient system, the transfer function of the system (i.e. a measure of the time required to achieve
a given\proportion of the species of interest at the analyser) could be a crucial parametefr. A simple
way to)approach it is the time needed between 10 % and 90 % of the value for a single conjcentration
measurement, as described for FTIR in ISO 19702. However, this parameter is not sufficient to fully
characterize the response time in dynamic analysis conditions, as it doesn’t cover the transfer function
of a particular apparatus.

7 Validation steps

7.1 General

Details on the different validation techniques outlined in this document are available in References [11],
[12] and [13]. Figure 4 gives indications on validation sequence and related clauses.

© IS0 2016 - All rights reserved 7
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Definition of the range of
application and range of calibration
7.1

~ Ifrelevant — — — Al _______ Y

|
| Validation of the matrix effect

Uncertainty calculation

| 72 Clause 8
e
¥ If appli y
r Ifapplicable — — — — — — — — — — |
| . .
Specificity of the method Comparison v_wth another |
| technique |
7.3 I 7.4 |

Y

Calibration study
7.5

Method validated for fire gases analysis

Figure 4 — Guidance on‘validation steps

7.2 Defipition of the range of application and range of calibration

An analytifal technique is only applicable over the range of conditions used for calibration - and then
only when [the tests for calibration validity have been successfully carried out.

The lower |imit of the range of application shall be determined according to ISO 12828-1. ISO 128%8-1
describes various techniques for use in different applications. Methods described in ISO 12828-1:211,
6.2 and 6.3 allow the determination of the physical limits of detection and quantification of an anallyte.
The methdd described in-ISO 12828-1:2011, 6.4 provides a check on whether a given value is within
an acceptaple range. For example, this method is suitable for validating the lowest value of a sgt of
calibration| data, confipming it is a fully quantifiable value.

The highest value. of a set of calibration data often provides the upper quantification limit of|the
analytical devicé. No measurements higher than this value shall be performed. The upper limit pf a
range of calibration is fixed by the sensitivity of the analytical method. Some analytical instrumgnts
exhibit spurious behaviour with high concentrations of analyte. An example is where the detector
becomes progressively saturated leading to a loss of sensitivity and possibly a complete lack of
response as the concentration of the analyte increases further. Beyond these points, the calibration
model becomes unusable and the tests given in 7.6 shall be used to determine if the upper point of the
calibration is still suitable.

NOTE The calibration points are selected on the basis of the characteristics of the measuring instrument
and the practical technique used. In general, a data set consisting of 5 to 10 different analyte concentrations
distributed uniformly over the required measurement range is suitable. This distribution can be chosen in the
absence of knowledge of the actual calibration model to be used. For analytical instruments whose calibration
model is known, e.g. where a perfectly linear relationship between concentration and detector output exists over
the calibration range, a data set consisting of low and high values plus checkpoints for intermediate values is
statistically more appropriate.

8 © IS0 2016 - All rights reserved
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It is recommended that analysis is confined within the limits of 10 % to 90 % of the calibration range.

7.3

Validation of the independence from the matrix effects

The matrix on which the analyte of interest is present may influence the concentration measured. A
simple technique to evaluate the influence of the matrix is to test several different matrixes containing

the

analyte, and to compare the results obtained.

An example of procedure is as follows.

Produce several blank samples — i.e. various typical matrices but without the species

of interest

being present.

For each matrix, add a known quantity of the analyte of interest. Repeat so as to proeduci
added quantities.

The added quantities shall be the same, within acceptable limits, for eachanatrix.

It shall be emphasized that the blank matrixes shall have no trace of the analyte of intereg

retd

in a similar mix of species apart from the analyte of interest. Such.a suitable blank can

to gbtain.

An

7.4

7.4

Firg
oth
apq
seld
ran

An

7.4

bxample of determination of the specificity of the chosen method is given in A.2.
Validation of the specificity of the chosen method

1 General

effluents may contain hundreds of chemical-Species, some of which are very similar ch
brs, e.g. aldehydes, and ketones. Depending'en the analytical method used, some species
sitive or negative interference on the measured quantities of similar species. The analyti
cted should, therefore, be chosen to be specific to the analyte required. To ensure such s
be of analytical techniques may haveto be studied.

bxample of determination of the.specificity of the chosen method is given in A.3.

2 Simple method

A simple technique to validate the specificity of the method is as follows.

First, produce ayrepresentative sample of fire effluent, e.g. smoke from a physical fire m
trapping solution obtained from a fire test.

Secondyanalyse it for the species of interest and then separate the sample in two parts.

Thixd, add known quantities of the species of interest in one of these two parts, then an

b a range of

t, but shall
be difficult

emically to
could have
cal method
becificity, a

bdel or in a

hlyse these

samples for the species of interest. The difference between measurements shall be e

jual to the

NOTE

quantity added, allowing for experimental error.

Fourth, add various quantities to the other part of the matrix of chemical species that could also
be encountered and that could interfere. The selection of these interfering species shall be done
with regard to the application, the expected species present in the smoke, and the limitations of the

analytical technique chosen. The influence of these interfering species is evaluated as a

sensitivity

factor on the variation observed for analysis of the species of interest. Note that interference could

be positive or negative.

even if they are commonly used for combustion gases.
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7.4.3 Quantitative method

7.4.3.1 Quality of separation

For chromatographic methods, such as described in ISO 19701, the quality of separation between two
analytes can be expressed as a specific resolution between two adjacent peaks. The resolution for each
set of two consecutive peaks shall be calculated according to Formula (1). If the resolution is higher
than or equal to 0,6, then a qualitative analysis is possible. If the resolution is higher than or equal to
1,5, then a quantitative analysis is possible.[13]

/ £ £

R =

N

1

where

Rs

t1 and

w1 and

74.3.2 1

The goal of
be analyse
samples.

U U \
18><t 2 1

Wy =Wy J
resolution of the chromatographic method for two consecutive analytes (i.e. adja
cent peaks);
to retention times for the two consecutive analytes;

wy width at half height retention times for the peaks given from'two consecutive analyt

Jetermination of degree of specificity

this step is to check that the method has a sufficient spécificity for the selected componer
. The study of specificity is carried out with samples representative of the usually analy

M

tto
sed

For each analyte, the analytical instrument is first calibrated. Then, a series of samples contaiing

increasing
concentrat]
analytical
form rj = b
conditions

The calcul
Formula (3

on bg. p ist

concentrations of the analyte is prepared, This series shall cover the whole range of expe

ions for the particular application. The'best straight line r; = f(v;) is plotted, where r; is
Fesult for samples of a known conéentration v;. This equation is a linear regression of]
1*v; + bg. Statistical tools then allow a check to establish if b1 1 and by = 0. If these

are simultaneously met, then the selectivity for the analyte is acceptable.

tions to be performed are given in Formula (2) for the residual standard deviation s(e
) for s(b1), the standard-deviation on b1 and in Formula (4) for s(bg), the standard devia
he total number of measurements performed.

ted
the
the
two

, in
[ion

(2)

i

(3)

(4)

The test performed to check if bq is sufficiently close to unity is a unilateral Student’s t-test for 3° of

freedom w

10

ith a 95 % confidence, according to Formula (5).
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For an acceptable result, tops shall be less than the ¢ value.
. by 1]
obs s (bl )

(5)

The test performed to check if bg is sufficiently close to zero is a unilateral Student’s t-test for 3° of

freedom with a 95 % confidence, according to Formula (6).

For an acceptable result, t'ops shall be less than the t value.

|
! "0

tobs = S(bo)

7.5| Influence of the measurement technique on results

7.5{1 Generalities

A species of interest could be suitably measured by different analytieal-techniques, based
physsical and chemical principles. As an example, ISO 19701 proposes two or three technique;
number of species of interest (see ISO 19701:2013, Table 1). In addition, several of these gases
be gnalysed with FTIR according to ISO 19702.

For|a given analytical species and a given application (e.g. physical fire model), these tech
not| however, equivalent in terms of scope or response,orymay have a different concentrati

apjication.
Sometimes, a technique is also referred to as “reference technique,” usually perceived 3

(6)

on various
for alarge
could also

niques are
bn range of

s the best

method for a particular species in terms of spedificity and quantitative accuracy. Tools are then needed

to alidate an alternative technique (which riray be easier and/or cheaper to operate), by g
with the reference technique.

Figlire 5 details validation steps for'the comparison between analytical techniques. Exam
inflpence of the measurement technique on the analytical result according to various
prepented hereafter are detailed\in 'A.4.

omparison

ples of the
techniques
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Influence of the measurement technique
Comparison between analytical techniques

Production of dataset for each technique
to be compared

Option 1

Is there a need

e Yes
No for a quantitative
comparison
Optionai — = — — —
Test of normality |
| 1SO 5479
[ |
»
@
o
c
8
=
'; Do dat t Yes or not
<% No 0 N atasets tested
S c deviate from
» 9 normality ?
=
<
-3
13
38
Option 2

Or Bartlett

Direct comparison

Bland and Altman

(Graphical methed)

Fisher test

's test

LBF test

technique

Step 2
Comparison of means

equal ?

Are variances

Student’

s test

Welch’s test

If variances and

.l

i

Methods seem to be equivalent

Methods are statistically equivalent

Figure 5 — Guidance on comparison between analytical techniques
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7.5.2 Simple methods

7.5.2.1 Direct comparison
The following method is suitable for checking the influence of the measurement technique on results.

— First, select the two analytical techniques to be compared and calibrate the corresponding
instruments. It is recommended that the techniques chosen are based on different properties of
the analyte. Analytical techniques are normally only capable of measuring different samples in the
same phase. A comparison of a gas-phase technique and a solution-based technique using the same

nr}nipmpnf istherefore difficult with this method

— |Second, prepare at least five samples of increasing quantities in a representative npatrix. The
samples have to cover the range of concentrations capable of being measured by the'twq analytical
techniques

— | Third, analyse samples on both instruments. The values shall be the same within experin}l‘rntal error.

Respults of both devices could be presented as a graph of measurement from analytical technique 1 vs.
megsurement from analytical technique 2. The linear regression of these data shall have g slope of 1
and an intercept of 0 if the two techniques are to be considered equivalent. Statistical testp proposed
in 714.3 could be used to demonstrate that slope and intercept are statistically 1 and 0, respgctively. An
example of application is presented in A.4.2.

o8]

7.5]2.2 Graphical method of Bland and Altman
Refgrence [14] proposes a graphical technique to evaliate the differences between two serigs of data.

— |Proceed as described in 7.5.2.1 to obtain two series of data for each measurement tgchnique to
compare, designated as y,; and yp ;.

— |Calculate from both series the average of each pair of values, }i = (ya it Y )/2 and thg difference

between each pair of values, d;(= Yai = Vbi-
— |Calculate the average value & and its standard deviation c4-

— |Plot d; as function of }I. and add to the graph the lines corresponding to d and d + 204

An ¢xample of applicatien is presented in A.4.3.
7.53 Quantitative method

7.5{3.1 _Technique and statistical method

To flétermine whether two sets of analyses performed with two different techniques ane equal or
different, Statistical tests are carried out, which require the mean value, the standard deviation and
the variance to be calculated. Two series of data are then obtained, one for each analytical technique
to be compared. Two tests shall then be carried out to verify the equivalence of the two techniques by
comparing the variances and the mean values for each.

For comparison of variances, several statistic tests can be used.

— Fisher F-test[15] is the most known and simple statistical test for comparison of variances. This test
supposes that variables are normal. However, checking normality (see ISO 5479) requires a large
number of data, which is difficult to obtain for many fire tests.

— Alternate tests as Levenel13][16] or Brown-Forsythe tests[15][17] are less sensitive to deviations from
normality, and might be used. These tests are recommended when fewer data are available.

© IS0 2016 - All rights reserved 13
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For comparison of means, several statistic tests can be used.

— Student’s t-test[15] is the most known statistical test for comparison of means. This test supposes
that equality of variances have been previously demonstrated. This test is successive to a variance
test and only valid if variances are equal.

These

in this

tests are recommended and may be used in parallel to comparison of variances.

document).

Alternate tests such as Welch’s t-test[15][18] are independent from any hypothesis on variances.

Wilcoxon’s rank sum test[13] and Bayesian data analysis might be used as alternatives (not detailed

Results arg

sometimes reported as p-values instead of test statistics. The p-value is the probabilit

y of

observing ja difference at least as large as observed due to the vagaries of sampling alone,(and that
therefore there is no real difference. Small p-values, typically 0,05 or less, suggest that there fis a
statistically significant difference compared to a given limit.

7.5.3.2 (omparison of variances

7.5.3.2.1 | Method 1: Fisher F-test

The Fisher| F-test is extremely sensitive to deviations from normality. If data are not normal, this fest
shall not b¢ used. ISO 5479 proposes methods to check the normality,of‘data.

The variarfces are statistically compared with an F-test. In this\tést, the ratio of the two variances
(Fobserved) |is compared to a theoretical F-ratio (Ftheory). Thélstatistics are calculated according to
Formula (7).

In this casp, Ftheory Values are tabulated for different levels of probability.[15] It is then necessary to

refer to thg

If Fobserved
significant

observ
where

S1
S2
51>S82

NOTE ’

Fisher-Snedecor table at e.g. 1 % or 5 % of'significance, in order to get the value of Fineq

< Ftheory, then the variances are comnsidered as equal. If not, analytical techniques
y different in terms of variances.

standard deviation of series 1;
standard:déviation of series 2;
SO that Fobserved > 1.

he Bartlett test[15] is an alternative to the Fisher F-test, with the same assumption of normality of ¢

y-

are

(7)

ata.

A strong deviation from a normal distribution may indicate a problem in the data and would suggest
that further investigation is needed.

7.5.3.2.2

Method 2: Levene and Brown-Forsyth (LBF) tests

Levene’s testl15][16] is a statistical test for the equality of variances calculated for two or more groups.
Equal variances across samples are called homogeneity of variance. Analysis of variance assumes that
variances are equal across groups or samples. The Levene test can be used to verify thatassumption. The
Levene test is less sensitive than the Fisher F-test or the Bartlett testl15] to departures from normality.
If there is strong evidence that data do in fact come from a normal, or nearly normal, distribution, then
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Bartlett’s testl[15] is more appropriate. The Levene test statistic W is defined according to Formula (8).

The

variables are transformed to measure the spread in each group.

(N_k) Z;"i (Zi. ‘Z..)Z

YR sk g z
Zi:lzjil(zij B Zi.)
where
w is the result of the test;
k is the number of different groups to which the sampled case belong;
N is the total number of cases in all groups;
n; is the number of cases in the group i;
z; =y, - y‘considering_y,j as the value of the measured variable for'thé j case from th
J y 'lgroup and y;;
Z.. is the general mean of all z;j;
Zj is the mean of the z;; values for i-th group.
The significance of W is tested against Fiheory as defined i11:7.5.3.2.1 with k- 1 and N - k it

free

Bro
inst

Zjj

and|

The
med
nor
une
for
dist
rob
dist

7.5

dom ate.g. 1 % or 5 % of significance.

ead of the mean (LBF test).
_ VT )_,i , considering yj; as the value of the measured variable for the j case from the
yij - yi

y', respectively as the median and the 10 % trimmed mean of the i-th group.

(8)

e i-th

degrees of

wn and Forsythell5][17] extended Levene’s testito use either the median or the trimmed mean

j group, y;

ribution‘of the data is known, this may indicate using one of the other choices.

3.3\ 'Comparison of mean values

three choices for definingzj determine the robustness and power of the different tests. Robustness
ins the ability of the test to not falsely detect unequal variances when the underlying dpta are not
mally distributed and the variables are in fact equal. Power means the ability of the te§t to detect
qual variances when the variances are in fact unequal. Using the mean provides the best power
symmetric, moderate-tailed, distributions. Although the optimal choice depends on the underlying
ribution, the~definition based on the median is recommended as the choice that proyides good
istness agaihst many types of non-normal data while retaining good power. If the junderlying

7.5.

3.3.1 Method 1: Student’s t-test

The application of Student’s test to compare mean values supposes that variances are equal. If equality
of variances has not been demonstrated earlier, or if the data failed comparison of the variances test,
then another technique should be used.

The statistical parameters used to compare mean values are the pooled standard deviation sp according

to Formula (9) and the value of tyhserved according to Formula (10). This value topserved is compared
with the value of the Student’s table tstydent at a degrees of freedom n = nq + nz — 2. If topserved < tstudents

©IS
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the mean values are regarded as equal. If not, analytical techniques are significantly different in terms
of values.

- 1 2 2 )

Lobserved = (10)
where

n1 and|ny number of values in groups 1 and 2;

- —  mean values of groups 1 and 2.

yqanfl y,

7.5.3.3.2 | Method 2: Welch'’s t-test

Welch'’s t-t¢stl18] is an adaptation of Student’s t-test, and is intended for use,when the two samples Have
possibly unequal variances. Welch’s t-test defines the statistic ¢t by the Eermula (11). Unlike in Studgnt’s
t-test, the denominator is not based on a pooled variance estimate.

Y-y !
=L -2 [11)

tobserv

The degre¢s of freedom v associated with this variance estimate is approximated using the Welch-

Satterthwdite Formula (12):

.2 22

! S
(1, "2
1 n2
Ve ~+— 2 — 12)
4

4
S
L, 2

n.|\v

S
2 2
11 M2V2

v; =n; — 1 is the degrees of freedom associated with the i-th variance estimate.

Once topserved and v-hdve been computed, these statistics can be used with the t-distribution to testithe
null hypothesis that'the two population means are equal.

If the popylation variances are equal, or if the samples are rather small and the population variances

7.6 Calibration studies

7.6.1 General

Analytical techniques use a calibration model to compare the concentration of the analyte with
the value of a detector. This model is often linear, but not usually for all conditions. The regression
coefficient r2 given for many regression calculations is not sufficient to characterize the capability of
the model to represent data: it is often not representative of the error due to the model for small values,
as its calculation favours high values.

An example of a calibration study is given in A.5.
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To study the capability of the chosen calibration model to represent data, a calibration curve with p
different levels of concentration is constructed for each analyte. Each solution is prepared several times
and consists of a series of n values of y. The study of the calibration model then consists in checking that
the model represents the data. The study could start with a linear regression model as the simplest form
If this model does not explain the data, then a second degree polynomial model is used. The calculation
of global mean and associated standard deviation are detailed in Formulae (13) to (14).

y, =—F (13)

(14)

whegre

is the global mean;

p  isthe total number of measurements performed;

s isthe global standard deviation.
Y

i

Theq coefficients of the model are calculated according to least-squares models. For a linfar model,
coefficients are calculated according to Fofthulae (15) and (16). Formula (17) caldulates the

response of the model j/i. The non-linearity residuals correspond to _)_/1. - j/i and the repeatability

resjduesto y, — y,.

3 )

b, = > (15)
St

by =y, —b; xx (16)

Y; =by xX+ b (17)

The sum'\of the squares of the deviations SCE at y; level is given by Formula (18). Then, the median
squptey(MS) is calculated according to Formula (19). Various MS are calculated as function of various
SCEsand degrees of freedom df as defined hereafter.

The model chosen is the one that minimizes a suitable model selection criterion. Several statistical
techniques could be used to quantify the quality of the calibration model studied:

— Fisher statistic;
— BIC (Bayesian Information Criterion)[20];

— AICc (Akaike’s Information Criterion with finite sample size correction)[21],

© IS0 2016 - All rights reserved 17
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7.6.2 Analysis of calibration model using the Fisher statistic

The Fisher statistic observed for explained values Fobs Explained 1S given by Formula (20), considering
dfExplained = dfModel-1 for the calculation of MSgxplained and dfresidual = np — p for the calculation of

MSresidual-

The Fisher statistic observed for nonlinearity, Fobs, Non linearity, 1S given by Formula (21), considering
dfnonlinearity = p—2 for the calculation of MSnonlinearity and dfTotal = np — 1 for the calculation of MStotal.

2
SCE, =3 (v;=¥;) (18)
MS = :E 19)

df
MS Explained

Fobs Explained = S 20)

residual

MSNon linearity

Fobs Npn linearity — MS 21)

Total

The first stlep of the analysis is the validation of the regression. Fohs Explained Shall be strictly superiqr to
Fos5 o4, the Fisher F-statistic at 95 % confidence.

The second step is the validation of the linearity. Fobs Nonlineartty shall be strictly inferior to Fos o,

7.6.3 Thie BIC (Bayesian Information Criterion)

The BIC (Bpyesian Information Criterion)[20] may<be used to compare different calibration models. [The
BIC is defirjed according to Formulae (22) and (23).

BIC = kIn(n) - 21n(L) 22)

if the erro1fs are normally distributed:

BIC = (ln(n) + nln(MSE) 23)
where

k s the number of parameters of the model, e.g. two for a linear one;

n s/he number of data;

L is the likelihood of the model, see Reference [15];

n

. 2
MSE is the Mean Squared Error defined as MSE = 1 Z (yi - yi) .
i=1

The best regression model is the one that minimizes the BIC value.
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7.6.4 Analysis of calibration model using the AICc (Corrected Akaike Information Criterion)

The AICc (Akaike’s Information Criterion with finite sample size correction)[2l] is an alternative
to the Fisher statistic to compare different calibration models. The AICc is defined according to
Formulae (24) and (25) with the parameters defined in 7.6.3.

AlCc = 2k — 21n(L) +

2k(k+1)
n-k-1

Or, if the errors are normally distributed:

The
smd

8

The
att
red
be

res

Und
rep
ISO
the
cas
ig
an
An
con|

AlCc = 2k + nln(MSE) +

Il or kis large. Degrees of freedom of the model affects the AICc criterion less’than it dog

he sampling point in a fire atmosphere. Appreciation of the fattors discussed in Clause 6
ice the uncertainty of analyte measurement, and the validation methods discussed in C

ertainties are calculated according to ISO/IEC Guide 98-3. The repeatability (R

repeatability and reproducibility of the physical fire model is included in the final resul
s, a lack of repeatability and reproducibility could be due to the physical fire model (i.e. v
na1ltion time, effects of sample homogeneity, etc.) instead of the analytical method itself, w

siderations, is presented-in Annex B.

2k(k+1)
n-k-1

best regression model is the one that minimizes the AICc value. The AlCc-is‘recomme

Determination of uncertainties

objective of an analytical method is to try to determine the realconcentration of analytes

sed to establish effective calibration and to check theNinfluence of the measurement te
Its.

oducibility (r) of an analytical method for.fire effluents could be determined accord

5725 series. However, for fire atmosphereahalytical methods, this determination sha

ysed are issued from combustidn plus analysis process.

example of uncertainty ealculation according to ISO/IEC Guide 98-3, including re
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Annex A
(informative)

Example of application of validation steps: Analysis of hydrogen
chloride and hydrogen bromide from trapping solutions

A1l Genleral

The examp
technique

are trappe
and bromi
detector. T|
trapping s
peroxide a
This exam]
— ion Lig

ion ex(
colum

suppr¢
detect
mobild
flow r4
— organj

The instru
from 1 mg

A.2 Vali
CO and CO3

le given here is for the analysis of hydrogen chloride and hydrogen bromide according to

the

bresented in [SO 19701:2013, 5.5.2. In the example, hydrogen chloride and hydrogen bronpide

1 in a liquid phase as halide ions using impingers, as described in NF X 70-300-2[22]. Chlo
e ions are then analysed using lon-Liquid Chromatography (ILC) with,a conductime
he standard protocol stated in ISO 19701, has been modified for this example by use
blution of deionised water containing 3 % of hydrogen peroxide. The’addition of hydro
lows the simultaneous trapping of sulfur dioxide.

le is detailed in References [23] and [24]. The analytical system used includes the follow
uid chromatograph type Dionex DX500;

hange column AS 14 (silica grafted with quaternary ammonium functional groups) and
1 AG14;

ssor type ASRS Ultra 4 mm;
br ED40 (used in conductimetric mode);
phase: solution of 3,5 mmol/I NapCOg3 and 1 mmol/l NaHCOs3;

te of the mobile phase: 1,5 ml/min;

autosampler with injection loopvelume of 50 pl;

c filtration (Varian JR=€18 500mg) and mechanical filtration (PTFE 0,2 mm) of samples.
ment is calibrated-iSing six standards for both ions. The concentration range for both ior
L to 20 mg/L:

dationof the non-influence of the matrix

are'measured by NDIR according to ISO 19701:2013, 5.1 and 5.2. Prior to these gas analy§

Fide
tric
of a
gen

ing:

pre-

IS is

ers,

other spe

ies”of interest are adsorbed ncing two different fr:xpping solutions: deionized water

nd

deionized water containing 3 % of hydrogen peroxide. Deionized water has been previously validated
as having no influence on the quantity of CO and CO analysed. A series of tests is performed to validate
that the second trapping solution has no influence either.

Two configurations are successively compared, at several volume fractions:

— impingers filled with deionized water (standard defined solution);

— the same impingers, filled with the alternate solution containing hydrogen peroxide.

As the only difference is the composition of the trapping solution, any difference between the data
obtained with the alternate solution, and the data obtained with the standard defined solution, will

20
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then be solely due to the difference of trapping solution. The measurements are carried out at three
different volume fractions:

low volume fraction: about 1 % CO and 4 % COzy;
medium volume fraction: about 3 % CO and 12 % COgy;

high volume fraction: about 5 % CO and 20 % COz.

All measurements are then compared, in order to determine the influence of the trapping solution.
Typlcal results are presented in Table A. 1 For contents from O % to 5 % of CO and 0 % to 20 % of CO2,

am@unt of CO and COz after the adsorbers

Table A.1 — data obtained to validate the non-influence of the matrix (in %)

ement of the

Co CO2
Standard d efined Alternative solution Standard d Yihed Alternatjve solution
solution solution
Low volume fraction 091 % 091 % 3,65 % 3,p4 %
Meflium volume fraction 3,00 % 3,00 % 11,80 % 1181 %
High volume fraction 4,54 % 4,54 % 17,38 % 17|38 %

A.3

A3,

In d
maf
effl
One

a standard poly-anion solution containing: F- (10 mg/1), Cl- (20 mg/1), NO2~ (20 mg/1), Br-

NO1
PO4
solu

Det
pro
bot
pea
the

©IS

Specificity of the method

1 Quality of separation

erial is carried out. This material has been*chosen to produce a similar matrix of compo
1ent, but without the presence of chloride and bromide. This is checked using a titrimeti
ml of the solution used to trap this effluent, (termed “combustion matrix”), is mixed w

- (20 mg/1), PO43- (20 mg/1) and SO42- (30 mg/1). The analysed ions are F-, Cl-, NO2-
3=, S042- and CH3COO-, which is not quantified. All these anions could be present in th
tion obtained by sampljng from a fire test.

ermination of the guality of separation is achieved through the calculation of the re
posed in 7.4.3. The résolution for each set of ions has been calculated as shown in Table
h acetate and fluoride ions are present, a precise quantitative analysis of these ions is im
lks overlap. All.other ions in solution can be successfully analysed and the resolutions cal
bromide and-chloride ions are high enough to allow a quantitative analysis of both these

Table A.2 — Quality of separation in ILC

rder to have a blank sample representative’of the solutions to be analysed, the combjstion of a

inds in the
ic method.
ith 1 ml of
(20 mg/1),
Br-, NO3-,
e trapping

solution as
|A.2. When
bossible, as
culated for
ions.

Retention time Width at middle | Resolutionwith
fon (min) height (min) previous ion

Fluoride (F-) 2,33 0,07 —

Acetate (CH3CO00-) 2,57 0,16 1,23
Chloride (CI) 3,27 0,09 3,30
Nitrite (NO27) 3,83 0,11 3,30
Bromide (Br-) 4,73 0,14 4,25
Nitrate (NO3-) 5,49 0,17 2,89
Phosphate (HP042-) 7,12 0,25 ND
Sulfate (S042-) 8,53 0,27 3,20
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In fire effluents, a large quantity of hydrogen chloride could be released from materials containing
chlorine. In these conditions, it may be difficult to analyse hydrogen bromide as in solution, a large
quantity of chloride ions can mask the bromide ions. A solution originating from the combustion of PVC
material, containing 1000 mg/L of chloride ions, is used. To this solution, 2,5 mg/L of bromide ions are
added. Analysis is performed three times and the resulting concentration is (2,0 + 0,11) mg/L. These
results show that even the highest concentration of Chloride ions do not prevent weak concentrations
of Bromide ions from being correctly measured in these conditions.

A3.2 De

For chlorid
The ions a
example, fq

The analyt
concentrat]
concentrat]
analysed. §
obtained ff
Table A.3.
considered
specific foy

termination of specificity

s g/l to 20 mg/l areused.
e added over the concentration range to be expected in the matrix from a fire study:|For
r a fire matrix with 5 mg/L of chloride ions, an addition of 5 mg/L of chloride ions iswusefl.

ical instrument is first calibrated. Each solution is initially analysed to obtain/the anajyte
ion. Then, the additions are carried out using the standard solutions. In this'way, the added
ion is accurately known, and is called the “real” addition (v;). The resultatt ‘Solution is then
ince the initial concentration is known, the addition is measured (r;).'¥ive sets of datalare
br the chloride and bromide ions. Results of calculations describédyin 7.4.3 are givep in
For both ions, bg can be considered as equal to 0 with a 5 % error) For chloride, b1 can be
as equal to 1 with a 5 % error. This error is 1 % for Bromide, Consequently, the methqd is
the measurement of chloride and bromide ions in such a matrix.

Table A.3 — Results of selectivity test

A.4 Inflhence of themeasurement technique

The ILC mgthod is then compared to the titrimetric method described in ISO 19701:2013, 5.5.3.

Ion Chloride Bromide
S(e) 4,54 x 10-1 2,03 x 10-1
B 1,039 1,111 2
S(b1) 3,37 x10+-2 3,32 x 102
By 0,34 -0,151 6
S(bo) 0,32 0,16
tobs 1,18 3,35
t'obs 1,06 0,94
tstudent (95 %) 3,18 3,18
tstudent (99 %) 5,84 5,84

A.4.1 Simple'methods

the combust

ion of polymeric materials. Results are pesented in Table A.4 and Table A.5 respectively

a¥e ALlde nge_ o

fom

for hydrogen chloride yield and hydrogen bromide yield, obtained from the combustion of a series of

materials.
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Table A.4 — Comparison of methods (concentration in liquid for hydrogen chloride)

For
sho

am
me}
val

A4

Thd

HCl yield (mg/g) HCl yield (mg/g) Deviation between
Material with titrimetry with ILC mean values

Mean value| Std.dev. |Meanvalue| Std.dev. (mg/g) (%)
Al 4,20 1,18 4,18 0,93 0,02 0,5
B1 8,34 1,01 8,10 1,09 0,24 3,0
C1 14,4 1,69 13,9 1,44 0,47 34
D1 134 7,83 133 9,14 091 0,7
FT 162 5,67 152 572 1657 7,0
G1 249 1,10 232 3,53 16,6 71
H1 575 8,90 523 9,12 51,6 99

Table A.5 — Comparison of methods (concentration in liquid for hydrogen brom

ide)

HBr yield (mg/g) HBr yield (mg/g) Deviation between
Material with titrimetry with ILC mean values
Mean value| Std.dev. |Meanvalue| Std.dev. (mg/g) (%)
Al 33,5 293 33,2 2,56 0,35 1,1
B1 59,5 3,21 56,3 3,07 3,19 57
C1 9,52 1,82 7,84 446 1,69 21,6

.2 Graphical representation

all materials releasing HBr and those releasing HCl between 4,12 mg/g and 157 mg/g, c
v that there is no influence of the technique on the“'esults. For the two materials releasi
unt than 157 mg/g for HCI, amounts measured by ILC are approximately 10 % lower
sured by titrimetry. For one material, the@wo sets of results have unequal variances
es. For one material (H1), the variances are‘comparable but the mean values are unequal.

results are plotted as Figure A.1-for hydrogen chloride data.
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Figure A.1 — Graphical representation of results (case of hydrogen chloride)
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A.4.3 Bland and Altman graphical method

The results of the Bland and Altman method are plotted as Figure A.2 for hydrogen chloride data. It
confirms the observation of a problem with data corresponding to H1 material.

60
B e s + ....... H+20d
40
30
20
3 & a
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Figure A.2 — Bland and Altman graphical method results (case of hydrogen chloride)

A.4.4 Quantitative method
A.4.4.1 Comparison of variances

A.4.4.1.1 |Using the Fisher F-test

The quantitative technique using the Fisher¥-test has been applied to the data shown in Table A.4 and
Table A.5. Results of the comparison efWVariances are given in Table A.6 and Table A.7 respectivelyf for
hydrogen ghloride and hydrogen brémide. One single case of non-equivalence of variances is observed
for hydrogen chloride for the material G1. Equivalence is established for this point at the level of L %
(Ftheory, 1 % = 15,98 for n = 5).

NOTE The Fisher test ispérformed using a low number of observations. This yields to a low power of the test,
i.e. a low capacity for the testto detect any difference between the variances, unless the difference is very large.

Table A.6 — Comparison of variances using the F-test — Results obtained for the yield of|

hydrogen chloride
Number of Comparison of variance
Material tests ;

ni=n; observed Ftheory’ 5%
Al 5 1,61 6,39
B1 3 1,18 19,0
C1 3 1,37 19,0
D1 3 1,36 19,0
F1 5 4,28 6,39
G1 5 10,4 6,39
H1 5 1,05 6,39
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hydrogen bromide
Number of | Comparison of variances
Material tests
ni=ny Fobserved Ftheory; 5%
Al 5 1,31 6,39
E1l 5 1,09 6,39
F1 5 1,56 6,39

1SO 12828-2:2016(E)

Table A.7 — Comparison of variances using the F-test — Results obtained for the yield of

A.414.1.2 Using the Levene test as modified by Brown-Forsyth (LBF)

Resplts of the comparison of variances using the LBF test are given in Table A.8 and Table A9
respectively for hydrogen chloride and hydrogen bromide. The results indicate that vagiances are

ho

no gignificant deviation at the 5 % level (no p-value inferior to 0,05).

Table A.8 — Comparison of variances using the LBF test — Results obtained for the
hydrogen chloride
Number of Comparis@n of variance
Material tests w % val
ni = ny theory, 5% | p-value
Al 5 0,206 6,39 0,66
B1 3 0,004 19,00 0,95
C1 3 1,014 19,00 0,37
D1 3 0,046 19,00 0,84
F1 5 0,770 6,39 0,41
G1 5 0,872 6,39 0,38
H1 5 0,037 6,39 0,85

'able A.9 — Comparisonofwvariances using the LBF test — Results obtained for the

hydrogen bromide
Number of Comparison of variances
Material tests
ni=ny w Ftheory, 5 % p-value
Al 5 0,034 6,39 0,86
El 5 0,003 6,39 0,15
F1 5 0,276 6,39 0,15

ogeneous for all materials and for both HCl and HBr. Comparison of variances‘using LBH highlights

yield of

yield of

A.4.4.2 Comparison of means

A.4.4.2.1 Using Student’s t-test

Results of the comparison of means are given in Table A.10 and Table A.11 respectively for hydrogen
chloride and hydrogen bromide. In the case of hydrogen chloride, the results highlight that the two
techniques are not equivalent for higher concentrations in terms of mean values. They are equivalent
for the determination of yields up to 160 mg/g.
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Table A.10 — Comparison of means — Results obtained for the yield of hydrogen chloride

Table A

A4.4.2.2

Results of the comparison of means using Welch'’s test are'given in Table A.12 and Table A.13 respecti

for hydrog
C1, G1 and

Table A.

Number of Comparison of means
Material tests
ny=ny tobserved ttheory
Al 5 0,01 2,31
B1 3 0,15 2,78
C1 3 0,22 2,78
D1 3 0,09 2,78
FI 5 1,73 73T
G1 5 6,24 2,31
H1 5 6,32 2,31

.11 — Comparison of means — Results obtained for the yield of hydrogen bromide

Number of Comparison of means
Material tests
n =ny tobserved ttheory
Al 5 0.13 2.31
El 5 1.04 2.31
F1 5 0.87 2.31

Using Welch'’s t-test

Vely
ials

bn chloride and hydrogen bromide. The results indicate that means are different for mater
H1 in the case of hydrogen chloride (p-values inferior to 0,05).
12 — Comparison of means using.the Welch'’s test — Results obtained for the yield
hydrogen chloride
Number of Comparison of means
Material tests
= ny tobserved ttheory 1% p-value

Al 5 0,03 2,31 7,59 0,97

B1 3 0,28 2,78 3,97 0,79

€1 3 124 2,78 2,36 0,00

D1 3 0,13 2,78 391 0,90

F1 5 1,83 2,31 5,77 0,12

G1 5 10,0 2,31 4,76 0,00

H1 5 9,05 2,31 7,99 0,00

Table A.13 — Comparison of means using the Welch'’s test — Results obtained for the yield of

26

hydrogen bromide
Number of Comparison of means
Material tests
ni=ny tobserved ttheory 14 p-value
Al 5 0,20 2,31 7,86 0,85
E1l 5 1,61 2,31 7,98 0,15
F1 5 1,61 2,31 7,63 0,15
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A.5 Calibration study

The calibration study of ILC for chloride ion is carried out according to techniques presented in 7.6. The
calibration data set is made from 25 solutions: 5 standards are analysed at 5 concentrations, ranging
from 1 mg/L to 20 mg/L. The analysis uses the area under the peak y, vs. concentration x.

As the model uses data from a detector based on a specific physical measurement principle, the
choice of the model’s mathematical form has to be driven by the physics of the detector principle.
For example, an ILC (Ion Liquid Chromatography) measurement with a conductimetric detector, as
proposed for chloride or bromide ions in ISO 19701 corresponds to a resistor-capacitor (RC) equivalent
alternatine ont (AC) electric circeui . s e

re A.3 presents graphically the data and both regression models. Figure A.4'presents the residues
for poth models.

Tabje A.14 and Table A.15 present results obtained using a linear regression model. As a firgt step, the
regfession is validated as Fexplained > F1 %. The model is therefore aeceptable as it fits thg data. As a
secpnd step, linearity is not verified, as Fnon linearity > 1 %. The residuals which cannot be explained are
deemed excessive. A model of second order is therefore tested-

Table A.14 — Results of a regression calculation for the case of a linear modél

Model y =b1.x+by
Slope b1 1,74 x 105
Standard deviation on slope s(b1) 1,87 x 104
Intercept by -1,03 x 105
Standard deviation on intercept s(bg) 1,92 x 105
Regression coefficientr2 0,997
Sum of residuals 6,48 x 104
F-statistic 8,69 x 104
Degrees of freedom 23
Sum of explained squares SCexp 3,65 x 1013
Sumrofiresiduals SCres 9,67 x 1010

Table:A15 — Results of a Fisher test for calibration for the case of a linear model

Sum of the
fariation | thedeviation | freedom | i) | Fobs Fis ) Fa v
o
Explained 3,65 x 1013 3,65 x 1013 3,33 x 105 4,4 8,1
Non linearity 9,45 x 1010 3 3,15 x 1010 288 3,1 49
Residuals 2,19 x 109 20 1,10 x 108 — — —
Total 3,66 x 1013 24 — — — —

Table A.16 and Table A.17 present results obtained for a second-order model. As a first step, regression
is validated as Fexplained > F1 %. The model is therefore acceptable as it fits the data. In the second step,
linearity is verified, as Fnon linearity < F1 %.
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