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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO d
ISO/IE(

[SO drajws attention to the possibility that the implementation of this document may involve the u

patent(
rights i
patent(

ocument should be noted. This document was drafted in accordance with the editorial ruls
Directives, Part 2 (see www.iso.org/directives).

5). ISO takes no position concerning the evidence, validity or applicability of any claimed
h respect thereof. As of the date of publication of this document, ISO had notreceived noti
5) which may be required to implement this document. However, implementers are cautior

this maJy not represent the latest information, which may be obtained from the patent database ava

www.ido.org/patents. ISO shall not be held responsible for identifying any or all.stch patent rights.

Any tr%l
constitlite an endorsement.

For an ¢
related
Organiz

This do
to peop

This se
revised

The ma

— Cla|

—-

— m
A list of

Any fee
comple

nor editorial changes have-been made throughout the document.

s of the

se of (a)
patent
re of (a)
ed that
lable at

de name used in this document is information given for the cdnyenience of users and does not

xplanation of the voluntary nature of standards, the meanitig of ISO specific terms and expf

ation (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/forewo

essions

to conformity assessment, as well as information about ISO's adherence to the World Trade

d.html.

cument was prepared by Technical Committee ISOZTC 92, Fire safety, Subcommittee SC 3, Fin
e and environment.

ond edition cancels and replaces the first edition (ISO/TS 12828-3:2020), which has been tec

in changes are as follows:

all parts in the ISO 12828 series can be found on the ISO website.

dback or questipns-on this document should be directed to the user’s national standards
e listing of theSebodies can be found at www.iso.org/members.html.

e threat

hnically

1se 1,5.1.2, and 6.4 have been updated to clarify confusion between repeatability and reprodufibility;

body. A
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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. Formulae have
been developed for quantifying the effects of the effluent components, in order to estimate the available safe
escape time (ASET), for example.[l] Related documents are also being developed by ISO/TC 92/SC 3 which
deal with environmental threats from fire effluent.

These advances in fire science and fire safety engineering have led to an increasing demand for quan
measurements of the chemical components of the fire effluent. The characterization of these measuj
is desctfibed in ISO 12828-2. This document describes the how to compare results from one Jabors3
anothel and how to obtain a global confidence in any measurement technique, independent 6f the u

the con

titative

Hitions of use.

ements
itory to
ser and

This ddcument complements I1ISO 12828-1, which deals with limits of quantification land detectipon, and
[SO 12828-2, which deals with intralaboratory validation of analytical methods. It js a-useful toolbos
the frafpework of ISO/IEC 17025 assessment of any fire laboratory.

Examples of existing standards where the information contained in this@dgcument can be used

analyti

ral chemical methods in ISO 19701, ISO 19702, ISO 5660-1, and-the chemical measuren

the methods discussed in ISO/TR 16312-2, ISO 16405, ISO/TS 19021 %or their application to fire
assessment using ISO 13571 and ISO 13344.

t within

are the
ents in
toxicity

© IS0 2024 - All rights reserved
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Technical Specification ISO/TS 12828-3:20

24(en)

Validation method for fire gas analysis —

Part

3:

Considerations related to interlaboratory trials

1 Sccl)pe

This d
fire eff

cument describes techniques and gives guidance concerning interlaboratory grials rel
uent analyses. It explains the relative contributions from the physical fire medel’and an

techniques to evaluate trueness and fidelity. It also explains the difficulties involved in'the interpret

interlah

oratory trials data and with the evaluation of trueness in fire effluent analyses:

2 N

mative references

The follpowing documents are referred to in the text in such a way that some-or all of their content con

requirements of this document. For dated references, only the edition Cited applies. For undated ref§
the latept edition of the referenced document (including any amendidents) applies.

[SO 472, Plastics — Vocabulary

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1:
principles and definitions

ISO 5725-2, Accuracy (trueness and precision) of measiirement methods and results — Part 2: Basic me
the detdrmination of repeatability and reproducibility of a standard measurement method

[SO 128p8-2, Validation method for fire gas analysis — Part 2: Intralaboratory validation of quantification
ISO 13943, Fire safety — Vocabulary

3 Terms and definitions

For the purposes of this doctiment, the terms and definitions given in ISO 5725-1, [SO 13943, ISO 472
following apply.

ISO and
— ISO
— IEQ

IEC maintairpterminology databases for use in standardization at the following addresses:

Online Browsing platform: available at https://www.iso.org/obp

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

ated to
alytical
ation of

stitutes
brences,

General

thod for

methods

and the

31

accuracy
closeness of agreement between a measured quantity value and a true quantity value of a measurand

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — Note 1 to entry and Note 3 to entry have been removed.]

3.2

k-score
score that characterizes the fidelity of a laboratory

Note 1 to entry: The k-score is defined according to the following formula:

© IS0 2024 - All rights reserved
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S

k; =22

Sr

where

k; isthe k-score of the laboratory i;

s,, 1sthe within-laboratory standard deviation for the laboratory i;

s, isthe estimate of the repeatability standard deviation.
3.3
precisipn
closeneps of agreement between indications or measured quantity values obtained~'by” rgplicate
measurements on the same or similar objects under specified conditions
[SOURQE: ISO/IEC Guide 99:2007, 2.15, modified — Note 1 to entry and Note 4 to entryhave been removed.]
3.4
truenesgs
closeneps of agreement between the average of an infinite number of replicate measured quantity values
and a r¢ference quantity value
[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified — Note 1 to entry and-Note 3 to entry have been removed.]
3.5
Z-score
score that characterizes the bias and thus the trueness (3.4) of*a laboratory, assuming the real valye is the
generallmean and the real dispersion is the overall standard'deviation s
Note 1 tp entry: The z-score is defined according to the following formula:

|yi—-m
Z; 3
s

where

z; | is the z-score of the laboratory i;

¥; | is the mean value from laboratory i;

m | is the general mean) sometimes expressed as the level of the test;

s | is the overall'standard deviation.
4 Symbols
b laboratory component of bias under repeatability conditions
e random error occurring in repeatability conditions
k; k-score, estimate of the fidelity of the laboratory i
m general mean, sometimes expressed as the level of the test
n; number of laboratories
s overall standard deviation
SL between-laboratory standard deviation
Sy estimate of the repeatability standard deviation
SR estimate of the reproducibility standard deviation

© IS0 2024 - All rights reserved
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within-laboratory standard deviation for the laboratory i

w
Vi mean value from laboratory i
Vi mean value from all laboratories
z z-score, estimate of the trueness of the laboratory i

5 General considerations

5.1 Trueness and fidelity

5.1.1

Atestr

affected by the bias (trueness error) and the random error (fidelity error). Annex A presentsa compil

data of

5.1.2

5.1.2.1

In the dontext of fire effluent analysis, trueness is the correspondence between the real (theoretica

General

[rueness and fidelity obtained from different standards.
Trueness

Overview

esult is described by the model y = m + b + e. In this expression, the measured value is the repl value

ation of

1) value

of an a;l:]alyte and the measured value (see ISO 19703). Depending/on-the existence and knowledgp of the

real va

e, bias b, characterizing trueness, is sometimes partially characterized by z-score. Bias expresses

the devjation to a real value, whereas z-score supposes that the‘general mean corresponds to the real value.
This latfter assumption is questionable in several cases for fire;gases analysis. The z-score can be intefpreted

as folloys:
— |z;/[<2 means that the trueness performance of the laboratory is in the 95 % range of more probable

— 2<|z;|<3 means that the trueness performance of the laboratory is suspect, in the range of 4

— |z;|[>3 means that the trueness perfdrmance of the laboratory is unsatisfactory, in the rang
remaining 0,3 % of the least probable'values.

5.1.2.2

The ger

— halpgenated acids,/assuming 100 % mol/mol of halogen in the initial material is convert]
hydrogen halide;

— carpon, considering CO,, CO and other carbonaceous compounds represent the large majority of
initfially present, preferably in well ventilated conditions;

— sul

% less probable values;

Case 1 - Physical fire model included in fire gas analysis

values;

he next

b of the

eral principle is the. combustion of standard materials followed by a mass balance calculation. A real
value cgn be assumed and.the bias can be calculated for several mass balances, including:

ed into

carbon

o 1 1 PaVa N 11 1 1 1o £ o 1 A PaPaSi WaV 7o Wi
UL TEICASEU d5 oUy HT WEIIEVEILIALEU COITUILIOIS (Std gt 4, dLLUTULIIZ LU 10U 177U0 J.

This kind of mass balance corresponds to a global validation of trueness and fidelity, considering errors due
to the fire model itself and those from the analysis, as they cannot be dissociated. It is not possible to do such
mass balance calculation with some other elements such as nitrogen.

5.1.2.3

Case 2 - Physical fire model excluded from fire gas analysis

In this case, two situations are possible.

© IS0 2024 - All rights reserved
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— Sub-case 2a): Use of standard gases injected at the point of emission in normal use, e.g. at the location of
the material in combustion tests. This checks the trueness and fidelity of the sampling and analysis, but

not

the possible variation due to the combustion process itself.

— Sub-case 2b): Use of standard gases or standard solutions (see ISO 12828-1) in realistic matrix. This

che

5.1.2.4

cks the trueness and fidelity of the analysis.

Example - Cases where the theoretical value is known

The analyte studied is hydrogen chloride. The analytical method is high performance ion chromatography
according to ISO 19701:2013, 5.5.2. Determine the trueness of the method.

— C(Caqd
to
56,

— Cag

app
10

5.1.2.5

—  Thg
The

—  Anj
per
can
the

5.1.3

Fidelity
Fidelity
laborat
the dev

as a stapdard deviation, S, and reproducibility, R, is often expressed as a standard deviation, Si. Th

e 1): Unmodified PVC is burnt according to an appropriate fire model. Suitable solution traps,d
apture the hydrogen chloride gas from the effluent. The solution is then analysed. P¥C leo
B % by mass of chlorine and the theoretical yield of HCl is 0,584 g/g.

es 2a) and 2b): A known quantity of HCI gas is introduced at an appropriate peint in the f
aratus. For example, a flow of 0,5 L/min under standard pressure and at 20 °C@t @ volume fra
DO uL/L for a period of 5 min. This results in a theoretical quantity of 3,80 mg!

Example - Cases where the theoretical cannot be evaluated

analyte studied is nitrogen dioxide. The analytical method is chemiluminescence for all labor
estimate of the real value is the general mean from all laborateties, excluding outliers.

lyte studied is Nitrogen dioxide. An analytical method 4s)defined as the reference one, &
formance liquid chromatography. It is supposed to give the best fidelity and trueness re
didate method is then compared to this one, the true\value estimate being the value obtain
reference method.

Fidelity (precision)

with respect to repeatability correspondsto the dispersion of a measurement by a single lab
with respect to reproducibility corresponds to the dispersion of a measurement by a g
bries. Laboratories joining an interlaboratory comparison of testing should follow ISO/IEC 17
elopment and operation of intenlaboratory comparison schemes. Repeatability, r, is often ex

y Op

re used
mprises

ire test
ction of

atories.

.g. high
sults. A
ed with

bratory.
roup of
043 for
pressed
ese two

labora-

values gre linked as shown in the fellowing formula:
2 4s? 42
where
s% represents’the between-laboratory variance;
Sf is the-estimate of the repeatability variance. It is given as the arithmetic mean of the within
tory variance s2 after tests to exclude outliers;
Szze is the estimate of the reproducibility variance.

k-score is a way to assess the fidelity and can be interpreted after removal of outliers (using statistical tests
described in ISO 5725-1 and ISO 5725-2) as follows:

— k; <2 means that the precision performance of the laboratory is satisfactory, in the 95 % range of more

probable values;

— 2<k; <3 means that the precision performance of the laboratory is suspect, in the range of the next

4,7

% less probable values;

© IS0 2024 - All rights reserved
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— k; >3 means that the precision performance of the laboratory is unsatisfactory, in the range of the

remaining 0,3 % of the least probable values.

5.1.4
Table 1

Summary

presents an overview of the parameters expressed throughout Clause 5.

Table 1 — Assessment parameters in various cases of interlaboratory trials in fire gases analyses

Case Assessment Trueness Fidelity

Eire maodel

1) (combustion process) Mass balances: . lab 1
+ Samp]ing _ Hydrogen halides ntgr aborateryrial ac-
+-analysis _ — Carbon (well-ventilated mainly) cordlngItS(())Ig(7)2557_§E “Land

2a) Sampling + analysis — Sulfur (well-ventilated only)

2b) Analysis

When vplues of bias, repeatability and reproducibility are compared between two interlaboratory trials, it is

import:

5.2 Dleviation sources independent from analytical technique

5.2.1
Several

One of 4
error i

trial myist be performed carefully. Materials shall be\traceable and be readily available for a long
Typically, polymers from a similar batch,gwith a reduced number and quantity of additiyes and

of time

int that values have been determined under the same conditions.

Deviation sources from the material or product tested
sources of error can be generated from variations in the'taterial tested.

he most important parameters is material homogeneity. Lack of homogeneity is a frequent s

resista

comparjed. ISO 17034 gives advice concerning'the production of reference materials.

EXAMPLE1 Pellets of polyamide 6-6 aresan’example of a suitable material. This material can generatg
oxides ifp known quantities for the purposes.of a carbon mass balance. It can also generate nitrogen-containing

such as

EXAMPI
balance|
formati
of PMM4

In addit
but the
materig
materid

t to ageing are suitable for such purposes:-Otherwise, results from interlaboratory testing ca|

ydrogen cyanide (HCN), depending on the combustion conditions.

E2  Polymethyl methacrylate (PMMA) is also often used in interlaboratory testing as a carb

n. It is important to make sure that all the PMMA samples are equivalent, as there are many differen
A having different properties.

ion, test conditions and conditioning can be of great importance for certain materials and pj
se conditions are not necessarily specified in the related testing methods. For exampl
Is are very)sensitive to moisture, and water content can affect their burning behaviour (e.g. cg
Is or polyamide-10).

5.2.2

Deviation sources from the phycirnl fire model used

urce of

interlaboratory testing and the selection of matefials and products suitable for an interlabpratory

period

nnot be

carbon
y species

PN mMass

This is because in well-ventilated conditions, carbon is converted mainly to CO, and CO with very little soot

t grades

oducts,
P, some
bllulosic

[SO 16312-1 and ISO TR 16312-2 describe the different apparatuses that can be used to generate fire
effluents for gas analysis. Independently from the material tested and the combustion conditions expected
from ISO 19706, the different test methods can generate a source of error. The ignition model, the radiative
heat flux homogeneity, the presence or absence of a pilot flame and the mixing conditions of fuel or air are
examples of parameters that can affect the results.

ISO 5660-1 and ISO 12136 provide guidance on the use of two sets of test apparatus able to produce effluents
from well-ventilated fire conditions with small-scale samples using the same level of irradiance. However,
results are not comparable in trueness and in fidelity. Parameters that affect fidelity are not fully identified,

© IS0 2024 - All rights reserved
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but can concern radiative spectral sensitivity of the sample tested and of the heating source, and different
air/fuel mixing conditions.

5.3 Deviation sources due to analytical technique

Sometimes a single interlaboratory trial can include results aggregated from several analytical techniques.
In this case, some of the requirements of ISO 5725-1 and ISO 5725-2 are not satisfied. This kind of
interlaboratory trial shall be interpreted carefully. Where different analytical techniques are used, they
shall be reported. ISO 5725-2 shall be used to analyse data of each group of analytical technique, then for
the data as a whole. Tools described in ISO 12828-2:2016 7.5 shall be used to compare the data between the
different groups.

EXAMPLE An interlaboratory trial is organized to compare results from different laboratories in»¢mission
yields fqr NO,. Several laboratories use wet chemistry (as described in ISO 19701), some use FTIR (as\d€sdribed in
ISO 19702) and some use chemilumiescence (as described in ISO 19701). The results obtained in z-scaore and fidelity
are of injportance, but they are not determined under the conditions of ISO 5725-1 and I1SO 5725-2.
6 Different Kinds of interlaboratory trials
6.1 Spurces of error
In the fifferent interlaboratory trials, several sources of error can bedentified as shown in Table 2,
accordihg to the analysis process.
Table 2 — Sources of error in fire-effluent related interlaboratory trials
Parameter Fire model Sampling Conditioning Analysis
Tryeness bias b bFire model bsampling bconditioning banal sis
within
2 2 2 2

laboratoryz SFire model Ssampling Sconditioning Sanalylsis

variance s,

repeatability 5 Z(Sa, )l

estimate S =—

Figlelity variance s? i
r (after excluding outliers)
—\2
reproducibility (j;i -y )
estimate 54 :sf +sz with s% =1
. 2 nl' —
variance(s
2 (after excluding outliers)

6.2 Fjre model, sampling, conditioning and analysis
For several analytical techniques, thermal degradation, sampling and conditioning can not be separated
from the analytical technique. This is the case of time-resolved gas analysis techniques such ps non-
dispersjve-infrared (NDIR) according to ISO 19701 or FTIR according to ISO 19702. This is also the case
when irttertaboratory trials orgamnizers distribute the same mmatertat toatt participants forreatization of the

whole process from combustion to analysis.

In this case, separation between errors from the thermal degradation, from sampling and from the analysis
are difficult to assume.

It means that:

— for trueness, bias b = by model + P +b +b

sampling conditioning analysis

- . . 2 _ .2 2 2 2
— for fidelity, within-laboratory variance s,, =Sgire model + Ssampling * Sconditioning T Sanalysis

© IS0 2024 - All rights reserved
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Results from trueness, repeatability and reproducibility on carbon dioxide as stated in ISO 19701:2013,

5.2.10, are obtained using: tube furnace as fire model, sampling and filtration through a silica wool stamp and water
impingers. Gas is then dried using calcium chloride and analysed through NDIR. The bias and the fidelity obtained
cover all errors from the thermal degradation to the analysis.

63 A

nalysis alone

For several analytical techniques such as wet chemistry, one laboratory can realize thermal degradation
and sampling of the effluents, and imping fire effluents to produce a representative solution. This solution is
then split into several parts and sent to all participating laboratories for analysis. In this case, bias covers all

sources

. However, within-laboratory variance only comes from the analysis.

It mea

— forftrueness, bias b = bg;.c model * P

— forf{fidelity, within-laboratory variance sﬁ, =52

The anglysis must be performed as quickly as possible and in the same time frame, for-all participan
should |be included in interlaboratory trial specification from organizers and-can depend on an

techniq|

EXAMPI
inISO 1
wool an
the chlo

obtained is only for the analysis.

64 C

An inte

EXAMPI
(seeISO

Howeve
are not

technique”. This is usually perceived as‘the best method for a particular species in terms of specifi

quantit

In this
analyti
[SO 5772
general

that:

b b

sampling+ conditioning+ analysis

analysis

e constraints.

E Results from trueness, repeatability and reproducibility on the analysis of hydrogen chloride,
p701:2013, 5.2.10, are obtained using: a tube furnace as the fire model, sampling and filtration throu|
1 water impingers. The solution is then analysed using high performance ion chromatography to dg
ide content. The bias obtained comprises all errors from the thernfal degradation to the analysis. Th

pmparison between techniques

laboratory trial can be performed to compare two different analytical techniques.

E ISO 19701 proposes more than a single.analytical technique for a large number of species of]
19701:2013, Table 1). In addition, several of these gases can also be analysed with FTIR according to IS

1, for a given analytical species and a-given application (e.g. physical fire model), these tec
equivalent in terms of trueness and fidelity. Sometimes, a technique is also referred to as “re

htive accuracy.

Case, [SO 12828-2:2016( 7.5 is suitable for comparing two groups of results obtained from
fal techniques, in truéness and in fidelity. Such conditions are out of reproducibility condition
5 series as data originated from different analytical techniques is compared. ISO 29903-1 dg
principles of su¢h)comparison.

ts. This
alytical

Is stated
gh silica
termine
e fidelity

interest
D 19702.

hniques
ference
rity and

the two
s of the
scribes

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=1c057ea52e3ba82f75bdd25b217c369f

ISO/TS 12828-3:2024(en)

Annex A
(informative)

Examples of application

A.1 Examples of trueness determinations
A.1.1 |Comparison with a real value
Table A|1 shows comparisons of measured quantities with the corresponding theoretical quantities.
Table A.1 — Comparisons of measured quantities with corresponding theoretical quantities
Species Analytical Quantity Theoretical Trueness Thermal Analysis Source
technique measured quantity compared degradation
(thermal (level) to theory
degradation)
co NDIR 0149kg/kg | 0,160 kg/kg 7,3 % Yes Yes  |1S019701:2013,5.10.1
2 (tube furnace) ’ ’ ’ ’ L e
ILC )
(tube furnace) | %578 ke/ks 0,584 kg/kg 1,1% Yes IS0 19701:2013, 5.5.2.11
HCl FTIR
(smoke density 0,514 kg/kg 0,529 kg/kg 2,7% Yes Yes ISO/TS 19021:2018, B.2.2
chamber)
FTIR 0,045 kg/kg 0,037 kg/kg 19,8.9%
SO, (smoke density Yes Yes ISO/TS 19021:2018, B.2.1
chamber) 0,532 kg/kg 0,533 kg/kg 0,2"%
A.1.2 |Comparison between techniques
Table A|2 shows comparisons between different analytical techniques.
Table A.2 — Comparison of different analytical techniques
Specieg Analytical Quantity measured Theoretical | Trueness by Thermal Analysis Souijce
technique (level) quantity comparison | degradation
(thermal
degradation)
Co, .50 -~ 100000 “L./L Unknown <5% Yes [9
FTIR compared (fixed concentrations)
to NDIR 0-22000pL/L
co, (tube furnace) Unknown <20 % Yes Yes [9
_50-5000 pL/L Unknown <5% Yes [9
BTIRcompared (fixed concentrations)
co to NDIR
0500 pL/L Unknown >20 % Yes Yes [9
(tube furnace)
Spectro- 8 mg/L <13%
colorimetry
with picric acid Supposed to Yes IS0 19701:2013,
Compared to ILC 32 mg/L be ILC <4 % 5.4.11
(primary tech-
HCN nique)
FTIR 5,23 mg/g Supposed to be 7,8 % Yes [9]
compared to spectro-
spectro- colorimetry
colorimetry
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