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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

Whereas the comparison methods described in ISO 6143 based on multipoint calibration are in principle
suited for all applications in gas analysis for determining the composition of calibration gas mixtures,
in many cases, simpler calibration methods can be used. These methods typically require a smaller
number of calibration gas mixtures with a traceable composition.

One- and two-point calibration of instruments is widely used in the gas industry and in national
metrology institutes. They often constitute fair compromise between costs and efforts on one hand,
and accuracy on the other. These simpler methods require validation to confirm that the conditions of

use gre-approepriate:

It is the intention of this document to set up and describe comparison methods and.daty evaluation
techniques based on one- and two-point calibration. The applicable conditions and|limitgtions of the
metHods are derived from the analytical requirements and are clearly specified.

This|document describes the assessment, calculation and expression of jneasurement uncertainty
arisipg from significant contributors in the different comparison methods:

© IS0 2017 - All rights reserved v
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Gas analysis — Comparison methods for the determination
of the composition of gas mixtures based on one- and two-

point calibration

1 Scope

This|document provides methods for
— (¢alibrating an instrument with one or two calibration gas mixtures,
— dletermining the composition of a gas sample, and

— ¢valuating the uncertainty of the composition of the gas sample in relation’to the uncer
¢omposition of the calibration gases used and the contribution of the\measurement prq

This| document sets requirements to, and acceptance criteria-for, the utilization
meagurement calibration designs with a limited (i.e. minimumj ,number of calibration g
used|in calibration.

The methods in this document are described for amount-of:substance fractions, but are als
for ofher composition quantities (such as mass fractions, wolume fractions or concentration

2 Normative references

The following documents are referred to in~the text in such a way that some or all of t
consfitutes requirements of this document.” For dated references, only the edition cited
unddted references, the latest edition ef'the referenced document (including any amendme

ISO 141, Gas analysis — Contents,of certificates for calibration gas mixtures

ISO 6143, Gas analysis — Complarison methods for determining and checking the composition
gas mixtures

[SO 1504, Gas analysis <<Vocabulary

[SO/|EC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of u
meagurement (GUM:1995)

ISO/]EC Guide 99, International vocabulary of metrology — Basic and general concepts an
termg (VAM)

tainty of the
cess.

of different
s mixtures
0 applicable
s).

heir content
applies. For
hts) applies.

f calibration

ncertainty in

(I associated

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7504, ISO/IEC Guide 98-3 and

[SO/IEC Guide 99 apply.

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

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

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

© IS0 2017 - All rights reserved
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4 Symbols

Qj coefficients of the best available calibration function f(j =0, 1, ..., N) withN< 3
as determined in the performance evaluation procedure, with N being the order
of the polynomial

b; parameters of the simplified analysis functiong (j =0, 1)

Bj parameters of the best-available analysis functiong (=0, 1, ..., N) with N< 3 as

determined in the performance evaluation procedure, with N being the order of
the polynomial

f cqlibration function, y = f(x)
g analysis function, x = g()
coverage factor

nhimber of replicate measurements taken

=]

der of the polynomial

range of amount-of-substance fractions within which the selected method of

calibration is applied to samples of unknown composition‘(héreinafter:
uphknown samples)

U(q) ekxpanded uncertainty associated with the quantityq, U(q) = k x u(q)

u(q) standard uncertainty associated with the quantity, q

u(4) upcertainty contribution due to zero-deviations and analyser nonlinearity

uz(q) variance associated with the quantity,gq

X amount fraction

(xi, vi) calibration point(s) (i = 1,.2,...}, n), with n being its number

Y instrumental response, with / indicating the replicate number

y mlean replicated.inStrumental responses

bodness of fit; a measure of local compatibility of a calibration point with the
hlculated calibration or analysis function

O 09

A bjas‘due to zero-deviation and analyser nonlinearity
) bias
5 average bias

5 Abbreviated terms

b blank
GLS generalized least squares
MPC multipoint calibration

2 © IS0 2017 - All rights reserved
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Re measurement of the matching reference

r subscript denoting a calibration gas mixture

rl, r2 calibration gas mixtures bracketing the composition of the unknown sample
S unknown gas sample

S subscript denoting an unknown gas sample

SSD sum of weighted squared deviations

SPEM single-point exact-match calibration

SPO single-point through origin calibration

TPB two-point calibration using a single point and a blank

TPC two-point calibration

6 Principle

6.1
The

General requirements

composition of a gas mixture is determined by separate measurement of the amo

unt fraction

of eyery specified component. “Separate” implies that’the response obtained for the cqmponent of
interfest is treated independently of any other response obtained for any other component. It does not

impd
proc
inter
COTT¢

The
mixt|

a)

q

b)

ferences of other components on the measurement of the component of interest shall b
ected for separately. This subject is net-further addressed in this document.

ure, or in a series of such samples, is performed in a sequence of steps as summarized

pecify the analytical range’of interest, R, i.e. the range of the amount fraction x to be
ind the acceptable orrequired (if applicable) uncertainty level.

pecify the analytical method and the measuring system to be used:
) calibratignrange (to encompass the analytical range);
) composition, including uncertainty, of the calibration gas mixtures;

) /parameters of the analytical method;

de obtaining several responses for several.components in the same instrument run. Therefore, the
bdure for determining the amount fraction,of only one specified component is descrihed. Possible

e avoided or

brocedure for determining the andount fraction x of a specified component X in a saniple of a gas

below.

determined,

B . g
) HITASUTL'IITg LUllultlUllb,

5) number and sequence of calibration measurements (see 8.1).

c) Select, from the list given in 6.2, an approach for calibration and determining the amount fractions
of components in unknown samples in the regular, i.e. daily mode when one- and two-point based
analysis functions are used.

d) For the relevant ranges of responses and component amount fractions, determine the uncertainty
level of the prospective results based on the analysis function. If the result is acceptable,
performance evaluation was successful.

For the calculation of the measurement uncertainty of results obtained in the regular calibration
mode, an estimate u(A) for the contribution of possible nonlinearity of the system is needed. This
estimate is calculated in a performance evaluation of the system according to Clause 8 and Annex C.

© ISO

2017 - All rights reserved
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The evaluation is best done after the specifications according to a) to c) are set. The estimate is
used in all subsequent regular calibrations until there is reason to assume significant changes in

the inst
e)

6.2 Calib

rument performance. The main reasons for such changes are given in 9.1.

Perform calibration and measurement according to the steps given in Clause 7.

ration methods

The following calibration methods for determining the amount fraction of a specified component in an
unknown gas sample may apply:

a) single-
matchi
b) single-
calibra
c) two-poi
line an
d) two-poi
NOTE M
7 Main |
7.1 Pre-n

Stability of
demonstrat
in particula
stable syste

7.2 Sequ

Figure 1 illy
described in

Clause 8.

g calibration gas mixture;

oint through origin calibration (SPO) and transfer of the value assuming a straigh
ion function through the origin;

t calibration using a single-point and a blank (TPB) calculation of the valué from a str4
lysis function;

t calibration: bracketing using two calibration gas mixtures (TPC).

Lltipoint calibration (MPC) uses at least three calibration points.

)rocedure

equisites

the system within the period of time equal to a normal calibration interval sha
bd during method validation. The use of unstable systems is strongly discouraged in ger]
r for designs SPO and TPB in 6.2. For use of designs SPEM and TPC with not suffici
s, see Annex A.

ence of operations (overview)

strates the basic steps 6f carrying out measurements according to the calibration met
this document. Aims§, steps and frequency of the performance evaluation are describ

f the

t-line

ight-

11 be
leral,
ently

hods
ed in
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Regular calibration Performance evaluation

Selection of working range

v

Selection of calibration
method

Non-linearity check

v

Selection/preparation of Calcpldon u(A)

calibration gas mixtures
iterate for exact-match and L

bracketing techniques
Measurements of samples and

calibration gas mixtures

v

Data assessment -

v

Reporting result

Figure 1 —Sequence of operations

7.3 | Calibration and measurement designs

7.3.1 General

All designs as specifieddn 6.2 consist of four basic steps, namely
— gtep A: calibrationrof the instrument;

— 4tep B: measurement of the sample;

— gtep Gscalculation of the unknown amount fraction of the component in the sample;

— gtep D: calculation of the uncertainty of the amount fraction of the component.

In practice, steps A and B apply in order to adjust the calibration gas mixture to the unknown sample,
in particular for SPEM and SPO. For SPEM, the calibration gas mixture shall resemble the unknown (see
7.3.2); for SPO, the measured response of the sample shall be in the predefined range in the vicinity of
the response of the calibration gas mixture.

For all designs, at least three replicates should be taken for any unknown or calibration gas mixture,
whenever practicable. Such a number should be sufficient to confirm adequate repeatability of the
responses. If three replicates are not feasible, the user shall have a reliable estimate of the standard
uncertainty of the sample measurement.

Expressions for the mean and the standard deviations of replicate signal measurements used
throughout this document are given in Annex B.

© IS0 2017 - All rights reserved 5
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7.3.2 Single-point exact-match calibration (SPEM)

Step A: Select a calibration gas mixture such that the measuring system produces, on this mixture,
responses which are statistically indistinguishable from those obtained on the unknown sample.

Take at least three replicate measurements of the calibration gas mixture and calculate the mean
response value of these replicates, yr, and the standard uncertainty, u(yy), of the mean response value
(see Annex B).

Step B: Take at least three replicate measurements of the sample and calculate the mean response value

of these replicates, ys, and the standard uncertainty, u(ys), of the mean response value (see Annex B).

Calibration

)

bas and sample are indistinguishable if it holds

=) <1

2><\/u2

Step C: If the condition according to Formula (1) is fulfilled, the value of the unknown is estimatg

direct trans

In an exact-
should idea
rather at thq

Step D: Rep
accordance

Step E: The
gas mixture
calibration §

u®(xg):

7.3.3 Sing

Step A: Seld
responses ¥
characterizs
the unknow
+50 % or -1

{Fs.

ye)+ut(ys)

fer of the value of the calibration gas mixture, i.e. it holds

Yy

match situation, the signal ratio for the measurements ‘ef the unknown and the refej
ly be unity, yielding the “exact” match, xs = x. Formula (2) thus accounts for situa
edges of the condition according to Formula (1).

bat the measurements with the calibration gas mixture in order to check system stabil
with Annex A.

uncertainty of the value of the unknowmyis derived from the uncertainty of the calibr
by direct transfer, taking into account that measurements are carried out on botl
ind the unknown gas sample; see Formula (3):

2
=u2(xr)+;—g-[u2(ys)+u2(yr)}

r
)le-point through origin calibration (SPO)

ct a calibratienygas mixture such that the measuring system produces, on this mix
vhich are sufficiently close to those obtained on the unknown sample. Closeng]
bd by the-pre-selected range, R. A calibration gas may be considered sufficiently clo
n sample'if the amount fraction of the component of interest does not differ by more
D % from the unknown sample.

M

bd by

(2)

ence

kions

ty in

htion
h the

(3)

ture,
Ss is
se to
than

Take at lead

t three rpp]ir‘nrp measurements of the calibration gas mixture and calculate the inean

response value of these replicates, y;, and the standard uncertainty, u(yy), of the mean response value
(see Annex B).

Step B: Take at least three replicate measurements of the sample and calculate the mean response value
of these replicates, ys, and the standard uncertainty, u(ys), of the mean response value (see Annex B).

Step C: The value of the unknown is calculated by assuming a straight-line analysis function through
the origin and calculated from the value of the calibration gas mixture according to Formula (4):

Xg =by Xy

where b1 denotes the slope of the analysis function, i.e. the ratio x/y.

(4)

© ISO 2017 - All rights reserved
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Step D: The uncertainty associated with the value of the unknown is evaluated from the uncertainty of
the calibration gas mixture, the uncertainty of the response measurements and the contributions of the

prediction errors according to Formula (5):

uz(xs)=[

Vs

2
j ><u2(xr)+[x—‘r
Yy

2 2
] xuz(ys)+[y5—”rj xu?(y,)+u?(A)
Yr

r r

The estimation of the term u(A) is described in Clause 8 and Annex C.

7.3.4 Two-point calibration with a blank (TPB)

(5)

Step
resp
char
as gi
matr

Take
calcu
unce
resp

Step
of th

Step
gi
toF

with
term

Step
unce
cont}

o~

A: Select a calibration gas mixture such that the measuring system produces, on'\t
bnses which are sufficiently close to those obtained on the unknown sample:
hcterized by the pre-selected range, R. Here, the same considerations to sufficient clog
ven under 7.3.3. Select a fit-for-purpose (i.e. sufficiently pure and free of\interferg
ix gas.

late the mean response values of these replicates, yr and yp, fespectively, and tl
rtainties, u(yy) and u(yp), of the mean response values for both ‘the reference and the
bctively (see Annex B).

B: Take at least three replicate measurements of the sample’and calculate the mean res
bse replicates, ys, and the standard uncertainty, u(ys),.@f the mean response value (se¢

C: The value of the unknown is estimated using a@straight-line function with a non-zg

rmula (6):

VEjl by the blank measurement and calculated frontthe value of the calibration gas mixtu

Xr —Xp

Yr=Jb

_.yr'xb_yb'xr_'_

s =bg+by-ys=
Yr—JVb

.ys

b1 being the slope and by the intercept of the analysis function, on the right-hand side ¢
s of the responses and the amount fractions of the reference and the blank gases.

D: The uncertainty associated with the amount fraction of the unknown is evaluat
rtainty of the calibration gas mixture, the uncertainty of the response measuremg
ributions of the prediction errors according to Formula (7):

2(xs)=[

oXg

Vs

Xs

2
} ~uZ(yr)+[a

9Xs

2
J -uz(ys)+(a

9Xs

2
0.
} ~u2(yb)+[

ay Wy ox

r r

2
J u?(x )+

his mixture,
loseness is
eness apply
nces) blank

at least three replicate measurements of the calibration gas mixture and the blank gas, and

ne standard
blank gases,

ponse value
Annex B).

ro intercept
e according

(6)

expressed in

ed from the
nts and the

(7)

2
} u?(xy)+u*(A)

(axs

aXb

The analytical expressions for the sensitivity coefficients dxg /dys, 0xs/dy,, x4 /dyy , x4 /ox,. and

ox,/

oxy, are given in Annex B.

The estimation of the term u(A) is described in Clause 8 and Annex C.

NOTE

It is assumed in general that the responses to the reference and the blank gas are un

correlated. It

is also assumed that the reference and the blank gas are independent; therefore, the values x; and xy, are
uncorrelated.

7.3.5 Two-point calibration with bracketing (TPC)

Step A: Select two calibration gas mixtures such that the measuring system produces, on these
mixtures, responses which bracket, within a specified range, R, those obtained on the unknown sample.

© IS0 2017 - All rights reserved
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Take at least three replicate measurements of the two calibration gas mixture, and calculate the mean
response values of these replicates, yr1 and yyp, respectively, and the standard uncertainties, u(yr1) and
u(yr2), of the respective mean response values for both calibration gases (see Annex B).

Step B: Take at least three replicate measurements of the sample and calculate the mean response value
of these replicates, ys, and the standard uncertainty, u(ys), of the mean response value (see Annex B).

Step C: The value of the unknown is estimated by assuming a straight-line analysis function with a non-
zero intercept approximating the true calibration function within a specified range and calculated from
the values of the calibration gas mixtures according to Formula (8):

X5:b0'|'b1'y5=yu.y“ T T2 T2 Tt Vs (8)
Y27 Vr Y27 Vr1

with b1 being the slope and by the intercept of the calibration function determined using the brackpting
calibration gas mixtures.

Step D: Repeat the measurements with the mixtures in order to check system stahility in accordance
with Annex]A.

Step E: Thejuncertainty of the value of the unknown is derived from the uncertainty of the calibrption
gas mixtures, the uncertainty of the response measurements and the contributions of the prediftion
errors accoyding to Formula (9):

ox ; ox > ox : ox 2
uz(Xs):_ — 'uz(ys)"' — 'uz(yr2)+ > 'uz(yrl)"' > ~u2(Xr2)+
aYS ayrZ ayrl aXrZ

9

N (9)
: J U (e )+u’ (4)

Xr1

The analyti¢al expressions for the sensitivity coefficients ox /dy, , 0xg /oy o, 0Xs /Iy, 1, Oxg/0x 5| and

dx/0x,q are given in Annex B. A worked example is given in Annex D.

The estimatjion of the term u(4) is described in Clause 8 and Annex C.

NOTE It|is assumed in general that'the responses to the two bracketing gases are uncorrelated. It i$ also
assumed that the two bracketing gases.are independent, i.e. not derived from a common source by, for exajmple,
dilution. Therefore, the values x;1 andx;2 are uncorrelated.

7.3.6 Multipoint calibratien (MPC)

Procedures pnd designs’are comprehensively described in ISO 6143.

8 Performance evaluation of the measuring system

8.1 General

The performance evaluation aims at quantifying the effects of nonlinearity of the analyser system on
its performance when using SPO, TPB and TPC (see 6.2 for a description of these designs). It shall be
carried out before using the system in regular mode and repeated only in cases mentioned in 9.1. The
SPEM approach does not require performance evaluation of the response function.

Performance evaluation of the system used shall be performed:
a) atthe time of implementing and validating the method (initial performance evaluation);

b) each time after the system or one of the components of the system have been altered, maintained
or replaced.

8 © IS0 2017 - All rights reserved
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Nonlinearity of the measuring system would require a content-dependent correction throughout
the analytical range. To avoid such a correction, there are several alternatives. In this document, a
possible nonlinearity is treated according to ISO 15796:2005, 5.3.4, by including the maximum possible
deviation in the uncertainty budget of the reported value. Alternatively, the approach described in
ISO/IEC Guide 98-3:2008, F.2.4.5 can be used, involving the calculation of the average bias correction
and its associated standard uncertainty. This approach is explained in Annex C. For a detailed
description of the GLS regression approach, see ISO 6143.

Step A: Select a minimum of seven different calibration gas mixtures covering the analytical range
within which itis intended to use the one- or two-point based regular calibration. Measure the response,

y, for

samples of the chosen calibration gas mixtures.

If reljable documented information on the kind-of-analysis-function of the analyser undénp
evalyation exists (as e.g. from sources mentioned in 8.2), and only the actual @naly
parameter are to be determined in the performance evaluation, the number of-differenf
gases may be reduced to five for analysers with known quadratic and three for(analysers
linear response.

The
not g

Step
chos

SPO

TPB

e

using
than
cond
simp|
u(q)

Step
analy

goodness-of-fit nieasure, I'. If the SSD is less than two times the number of calibration dat3

I'<?2

Step
funct

H

composition range of calibration gas mixtures chosen for performafice evaluation shj
rossly exceed the specified analytical range for the specific compoment.

B: On the given calibration data, test a best-available analysis fdnction according to t
en, according to Formula (10) and Formula (11), namely for

=[xy

hnd TPC

(=P +PB1xy

b GLS regression. Calculate the fesidual SSD and the goodness-of-fit measure, I'. If th
two times the number of calibration data points, and I < 2, the system is linear.
tions, the parameters of the best-available analysis function are equally the param
ified regular analysis funiction according to the approach selected, i.e. set b0 = $0 and
= 0. End performance-evaluation.

C: If under step-B.linearity of the system could not be confirmed, fit a second-order
sis function te the given calibration data. Use GLS regression. Calculate the residual

the systenn’is slightly nonlinear. Go to step E and assess the uncertainty contribution,

ion to the given calibration data. Use GLS regression. Calculate the residual SSD and tH

erformance
5is function
calibration
with known

W11 cover but

he approach

(10)

(11)

b SSD is less
Under these

eters of the
b1 = B1. Set

polynomial
SSD and the
points, and
u(4).

D: Iftunder step C the performance criteria were not met, fit a third-order polynompial analysis

e goodness-

of-fitl

measure, I” The residual SSD shall be less than two times the number of calibration dat

points and

the I' < 2. Furthermore, the analysis function shall not have an inflexion point in the analytical range.

The system is nonlinear. Go to step E and assess the uncertainty contribution, u(A).
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Step E: Let g(y) be the best-available analysis function describing the system according to steps C or
D of the performance evaluation. Calculate, within the analytical range, R, the deviation of the real
analysis function and the simplified regular function as given under step B; see Formula (12):

N
AZQ(}’)—bo—br)’:Zﬁi‘yl—bo—b1')’ (12)

i=0

with bg = 0 for the SPO case. Assess u(A) as the maximum of |A| within the range considered.

u(A):max(|A|)R (13)

The analytifal range, R, within which simplified calibration approaches are to be used is norllnally
defined in t¢rms of the (assumed) composition of the potential sample gases to be determined. Fgr the
three SPO, §PB and TPC approaches, these ranges, which may be different from time to time; may well
lay within the range span of the performance evaluation or (at least) reach the borders ofjthe latte}. For
defining thq range, R, in the signal (or response) domain, the best-available analysisfunction should
be used. Fo1 quadratic and cubic polynomials, this leads to root-finding according to, e.g. for the lpwer
bound xjp =E ;- yipl. If, additionally, a calibration function is determined, the method described in C.2
can be used

As the analysis function shall not have an inflection point in the agalytical range, the maximum
deviation adqcording to Formula (13) is either located at the lower or upper edge of the range, R, or 4t the
local maximum or minimum within the range if such exists.

An inflection (sometimes also written as inflexion) point of a function, f, describes the point where
the curvatufre of the function graph changes. The necessary~condition for an inflexion point at|xg is
the second glerivative of the function to be zero, f"(x¢) = 0, the sufficient existence condition reqpires
f"(xo + €) anld f”(xo — €) to have opposite signs in the neighbourhood of x¢. A useful analytical fungtion
shall not have an inflection point. This document does not require proof of inflection-point abgence
for the besttavailable analysis function; however, at/least a visual inspection of the function graph is
recommendgd.

The local maximum or minimum has the property of a first derivative equal to zero, dA/dy = 0 angl can
be found using Formula (14) and Formula\(15):

for quadratic functions:

(B1—by|)+2-B,-y=0 (14)
for cubic functions:
(B1—bi)+2- Bpiw+3-Bs-y* =0 (15)

NOTE Fqriruly linear systems, the maximum deviation point is always at one of the edges of the range| R.

Use the maximum of the absolute of the three values as the assessment of the nonlinearity uncertainty
contribution, u(4).

For enhanced and value-dependent accuracy of determination, an alternative approach using an
average correction, ¢, and uncertainties on these corrections may be used. The approach is described

in Annex C. The average correction,  [see Formula (C.4)], shall be applied to each value determined
from regular calibration and an individual uncertainty of the correction, u(xreg) [see Formula (C.5)],
applies replacing the worst-case estimate, u(A).

10 © IS0 2017 - All rights reserved
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8.2 Sources of performance evaluation data and alternative approach

8.2.1 Performance evaluation other than in-house

Beside in-house performance evaluation, the following sources of validation data are accepted provided
they can deliver the information necessary to calculate the estimate according to Formula (13):

validation of the instrument(s) by the manufacturer, for the components and matrices of interest,
with data enabling the assessment of possible nonlinearity;

validation of the instrument(s) by a third party, as e.g. a consultant firm or a calibration
N — T T L S T I
nonlinearity.

laboratory,
of possible

8.2.2 Alternative for performance evaluation

For {
perfq
nonl
arisi
desig
are 1
and 4

creening and exploratory analyses, the approach described in Annex E‘ay be used.|It omits the
rmance evaluation but replaces it by a (in most cases large) worst-case estimate fdr a possible
nearity between the fixed sampling points. It might be useful for'the TPC and, if uncertainties
hg from the worst-case estimate are not considered to be too largeto be feasible, alsq for the TPB
n. The approach may also be used in research into new fieldshere (certified) calibfration gases
ot available or do not exist in a sufficient number. Note thatthis is not covered by thjs document
Annex E has an informative character only.

9 (Quality assurance measures

9.1 | Validation of the assumptions made

Fron
whic|

| the results of the performance evaluation, estimates according to Formula (13) shall be derived
h remain valid until the next instance.of the abovementioned case in 8.1 b).

The 1
drift

ime of validity of a working calibration according to the approaches of 6.2 shall be det
stability control experimentaccording to 9.2. This will normally be done within the fj

brmined in a
amework of

the ipitial performance evaluatign: In this initial performance evaluation phase, independen{t calibration

gase
the s
Syste

5 can be used for obtaining’a number of control-chart data sufficient for assessing th¢
ystem and the period-of validity of the working calibration. It is recommended to re-{
m (working calibration) not later than at an instance in time when half of the determ

e stability of
alibrate the
ned period-

of-stability has elapsed,

o reference
t calibration

The
stan
gase

above does<wot apply to exact-match calibration (SPEM) and bracketing using tw
lards (TP€Y. For these techniques, the exact-match calibration gas or the bracketing
b are te-be‘measured at the time and each time an unknown sample is determined.

9.2 | Drift/stability control of the measuring system

If significant changes of the response of the analytical system cannot be excluded, it is necessary to
perform a drift test. In this subclause, a simple one-point validation procedure is described, aimed at
providing a minimum protection against systematic errors due to drift. If more information on the
performance of the analytical system is available, e.g. due to extensive monitoring, drift tests of better
performance should be used.

Drift control means testing whether a previously determined analysis function is still valid or whether
the response of the analytical system has changed significantly.

Drift control is performed in a problem-specific mode, i.e. tailored for the calibration gas mixture, M,
under investigation, by measuring the response of one of those two calibration gas mixtures among
Rel, Re2, ..., Ren which bracket the component amount fraction of the calibration gas mixture, M.

© IS0 2017 - All rights reserved 11
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Before and after measuring the response of the calibration gas mixture, M, 10 independent
measurements of the selected calibration gas mixture, R;, are made. These data are used to derive mean
responses, Vibefore and Viafter, Which are compared with the mean response, (Vj,calib), obtained on R;
at the time of calibration and with each other. The drift test is passed if none of the three differences,
|.Vi’before _.Vincalib)l: |.Yi,calib _.Vi;after| and |.Vi'before _.Vi;afterlr exceeds the critical value for these differences.
This critical value is given by 2,83 x u(yj,calib), where u(yj,calib) is the standard uncertainty of the mean
response obtained at calibration (see 8.2). Should any of these differences be greater than the critical
value, then the drift control test has failed and the analytical system shall be recalibrated.

NOTE The drift control test assumes that for each of the series of measurements performed on the drift
control mixture, R;, before and after measuring the calibration gas mixture, M, the standard uncertainty is about

the same as fhatforthesertesof catibratiomrmeasurements o R Based o thisassumptiomramd=signititance
level of 95 %] the critical value for any of the three differences is given by 2,8 times the standard uncertainty of
the mean response obtained in calibration.
If n = 10 megsurements, each, on the drift control gas before and after measuring a candidate’calibration
gas should be impractical, a lower number n may be used, at the expense of a lowérydrift-detertion
capability. Tlhen the critical values for the differences shall be changed accordingly. The conditions for
passing the drift control test then are given by Formulae (16), (17) and (18):
/ 10
‘yi,befor( _yi,calib‘szx 1"'TXU(yi,calib) (16)
/ 10
‘J’i,calib '_J’i,after‘gzx 1+7xu(yi,calib) (17)
20

‘yi,before _yi,after‘SZX\/TXu()’i,calib) (18)
The period pracketed by the two sets of measurements on the drift control gas may be extendged to
include measurements of several candidate calibration gases of similar composition at the risk of having

to discard a

If the drift ¢

10 Repor

10.1 Calib

Prepare cer

10.2 Repo

The report ¢

larger set of measurements.
pntrol test has failed, the analytical system shall be recalibrated.

t of results

ration gas certificates

Fificates for.calibration gas mixtures in accordance with the requirements of ISO 6141.

rt of analysis

f'analysis shall contain the following:

a) adescri
b)

c¢) themat
d) arefere

ption of the analytical system used;

the composition, including uncertainty, of the calibration gas mixtures used for calibration;

hematical function type used for the analysis function;

nce to this document, i.e. ISO 12963.

In stating the results of analysis, the contents should preferably be expressed as amount fractions.
The uncertainty of the component amount fractions shall be expressed as expanded uncertainties,
U(x) = k x u(x). The recommended coverage factor is k = 2. The coverage factor used shall be specified.
Uncertainties can be expressed as an absolute value or as a relative value.

For the special procedures according to Clause 7, the report of results shall be designed accordingly.
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Annex A
(normative)

System-stability check required when using exact-match and

bracketing designs

A1l

In g¢g
a ce
evaly
the 1}
desig
is ac

A.2
The
Re(1

whel
num
they

Whe
R1, c

Rel(
Rel(

whet
limit|

NOTH
The i
meas
begin

It mi

[ntention of thécheck-for-stability test is, however, to cover the largest possible interval in|

General

neral, the use of an insufficiently stable system (within time periods requiréd. for ¢
Ftain measurement campaign) is strongly discouraged. Method validation ‘and {
lation of the system should reveal any possible instability over short intéryvals of tim
reproducibility estimates derived. For the single-point exact-match rand bracketin
ns, checks of stability of the system are mandatory at the time of analysis of the sampl¢

Layout of the measurement sequence

pasic time sequence for measuring an unknown sample.in the single-point exact-match
- Re(2)- Re(3) - S(1) - S(2) - S(3) - Re(4) - Re(5) - Re(6)

e Re stands for the measurement of the matehing reference and S for the unknown

do not fall below the minimum number of heasurements required above.

h using the bracketing-technique design, measure the three required replicates for cal
plibration gas R2 and the unknown'sample S in the following sequence

1) - Re1(2) - Re1(3) - Re2(1).\Re2(2) - Re2(3) - S(1) - S(2) - S(3) - Re2(4) - Re2(5) - Re2
5) - Re1(6)

e again the numbern brackets stands for the replicate. Other sequences are suitab
ation above.

From a statistical point of view, it might be sensible to randomize the sequences as

urement of.the same gas sample, such that measurements of calibration gas samples are fo
ning andiin’the end.

bht be necessary to carry out more than the necessary three replicate measurements

arrying out
erformance
e exceeding
o technique
. This check

rfomplished by following the measurement sequence and the data dsSessment as described below.

technique is

sample, the

ber in brackets for the replicate required by’the design. Other sequences are suitable as long as

ibration gas

6) - Rel(4) -

le given the

given above.
time for the
reseen at the

both for the

le-and the references. Additional replicates may be distributed randomly over the

(minimum)

samy

sequences as given above, however, they should start and end with three measurements of the
references.

A.3 Data assessment and decision

When using the exact-match design, check whether the criterion of Formula (1) is fulfilled separately
when using the series of measurements on the matching reference taken in the beginning [Re(1) to
Re(3)] and at the end [Re(4) to Re(6)]. If this is the case, state the value and the uncertainty of the value
of the unknown sample according to Formulae (2) and (3), respectively.

If the criterion is not fulfilled for any of the two combinations between reference and sample
measurements, a potential drift shall be suspected. Repeat the measurement sequence in order to
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exclude random effects. If non-compliance with the criterion of 7.3.2 continues, check and improve the
stability of the system.

When using the bracketing technique design, calculate the value and the uncertainty of the value of the
unknown sample according to Formulae (8) and (9) separately, using the series of measurements on the
bracketing reference taken in the beginning [Re1(1) to Re2(3)] and at the end [Re1(4) to Re2(6)].

Check whether the criterion
‘Xs,b ~Xse ‘

2 2
ZX\/U (VSD)_L” (v

)

<1 (A1)

A
s,e’

is fulfilled, where the subscripts b and e denote the result for the unknown sample calculated usinlg the
reference measurements taken in the beginning and at the end.

If the criterjon is fulfilled, state xs ; as the value and u(xs ) as the uncertainty of the comaposition gf the
unknown.

NOTE Given compliance of the data according to Formula (A.1), a statement of the weighted mean of the two
results, accompanied by the average uncertainty of these, would also be acceptable.

If the criterion is not fulfilled, a potential drift shall be suspected. Repeat the' measurement sequerjce in
order to exclude random effects. If non-compliance with the criterion gf\Formula (A.1) continues, dheck
and improvg¢ the stability of the system.
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Annex B
(normative)

Statistics and sensitivity coefficients used in Clause 7

Throughout this document, means and standard deviations of (replicate) signal measurements, y;, are

calculated according to Formula (B.1)

for tlhhe mean and Formula (B.2)

> i-y)?

2,07 1=1
(y)——m.(m_l)

~

for the standard deviation as an estimate for the analyticalxincertainty.

The ¢xpressions for the sensitivity coefficients in Forniula (7) are as follows:

)xs_xr—xb

)ys Yr= Vb

Dx X, —Xyp,

o= ()
Ve (Yr—Yb)

X X, —Xp
T > (Vs = yi)
b (Vr—Vp)

s _Ys—Vb

)Xr yr_yb

s _ Ve

Pxy, YRy

The ¢xpressions for sensitivity coefficients in Formula (9) are as follows:

aXS _ X2 —Xp1

a.VS Y27 JVr

aXS _ sz—

X
B - rlz'(.yrl_ys)
Y2 (Vr2=Yr1)

aXs _ X X

- '(ys_yrZJ
a.yrl (yrZ —Jr1 )2

aXs Ys—Jr1

aXr2 Y27 Vn1

© IS0 2017 - All rights reserved
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(B.2)

(B.3)

(B.4)

(B.5)

(B.6)

(B.7)

(B.8)

(B.9)

(B.10)

(B.11)
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aXs _ Y2 Vs
aXrl Y27 Vnr1

(B.12)
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Annex C
(normative)

Alternative approach to assessing the nonlinearity contribution

C1
This
F.2.4
This
appr
C.2

Step

Calcylate the true calibration function for the analyser in accordance with ISO 6143. Let tH

rang
Then

whel
ISO 6

NOTH
repre
term
analy

Calcylate the upper using Formula (C.2):

Step

Calculate, using the procedure of ISO 6143, the coefficients By, ... By of the true analysis fun

Step

General

annex describes the processing of the analyser nonlinearity based on ISO/IEC Guid¢
5. This approach provides an estimate of the average bias and the associated standard

average bias can be used to correct the measured values obtained with the simplifiec

pach (see 6.2 and 7.3) or in the uncertainty budget as part of u(A).
Procedure

1: Calculation of the end points of the analytical range.

e of interest, R, be specified by a lower amount-of-substance fraction, x1, and an upper
, compute the lower response using Formula (C.1)

V1 =f(X1;a)=OCO +061X1 +062X% +a3X%

e f denotes the true calibration function_aind a the coefficients obtained from the
143.
1 In this annex, it is assumed thdt)the true calibration function and true analysis fun
sented as third-order polynomials. For lower degree-polynomials, the coefficients of the

b are set to zero, so for example for a straight line, az = 0 and a3 = 0 (the same applies to the ¢
sis function).

V2 =f(x2;06)=060 +061X2 +0£2X% +OC3X§

2: Calculate_the coefficients of the true analysis function.

3;-Calculate the coefficients of the simplified analysis function.

p 98-3:2008,
uncertainty.
| calibration

e analytical
fraction, x».

c.1)

rocedure of

ction can be
highest-order
prresponding

(C.2)

ction.

Obta

Step

© ISO

in bg and b1 for the appropriate method (see 7.3.3 to 7.3.5).

4: Calculate the average bias.
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Calculate the average bias using Formula (C.3)

F(y;)-F(y1) (€.3)
Y2—=V1

3:

P(5)=(Bo=bo)y+5(Bi=b1)y* +3 Byy* + 5 Bsy®

The variance (squared standard uncertainty) of the average bias is calculated using Formula (C.4)

uz(g)zG(YZ)—G(Y1)+H(J’2)—H(J’1) €4
Y2=)1 Y2—=)1

G(y)=g-[)’3?y7 +%ﬁ2/33y6 +%(2(ﬁ1 —b1)ﬁ3 +/322)}’5 +

2([30 —by —5)53 +2(B1 by ).32)J/4 +

Wik |-

2([30 —by —g)ﬁz +(B1—by )2)y3 +

(ﬁo —by —5)([31 ~by)y* +(ﬁo —by —5)2 y

H(y)=_vu2 (b0)+§y3u2 (by )+y2u(b0,b1 )+
I (Bo )+ 3y (By)+ = yu (B)+— y7u? (Bs)+
yzu(ﬂoJ/ﬁ)+§y3U(ﬂoJﬁz)+%y4u(ﬁo'ﬁ3)+

y4U(B1,ﬁ2)+§y5u(ﬁ1,ﬁ3)+%yGU(ﬁ2,ﬁ3)

NOTE 2 In| case of a lower‘order polynomial (than 3) for the true analysis function, the correspohding
variances angl covariancés-involving 53 (second-order polynomial) or f3 and 52 (straight line) are zero.

N | =

Step 5a: Calgulate @(A).
Calculate u(A)using Formula (C.5):

u(A)=4/52+u2(5) €.5)

Step 5b: Correct measured value (alternative to step 5a).

Correct the measured value by adding ¢ to it. The calculated standard uncertainty associated with the

measured value should be combined with u(5), the standard uncertainty associated with the

correction §.

NOTE3  The approach described in this annex is usually more accurate than the one described in Clause 8.
The procedure including step 5b is usually more accurate than the one involving step 5a. Practical deliberations
dictate which the preferred approach is.
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Annex D
(informative)

Worked-out example

General

The ¥
—

JR— q

— provide benchmark data for the calculation procedure and possiblemimplementation

q

The

Givet the specific conditions at the site of exploration, the amount of carbon dioxide is ex

in th|
perfq
fract

D.2

Acco
cont
10 c1f

vorked-out example is intended to:
bxemplify the procedures described;

how some typical results;

oftware codes.

bxample refers to the determination of carbon dioxide in a, natural gas by gas chro
range between 2 cmol/mol and 5 cmol/mol (analyticaD range for the working calil

rmance evaluation of the GC system is extended to both sides and covers carbon dioj
ions between 0,2 cmol/mol and 10 cmol/mol.

Calibration set

rding to the specifications set, the analytical range and the seven calibration g
ining carbon dioxide in a natural gas matrix covering the analytical between 0,2 c

Table D.1 —Measurement results for COz in a natural gas

nol/mol were selected, and measur€éd-in triplicate, with the results as shown in Table ID.1

b in tailored

matography.
bected to be
ration). The
kide amount

hSs mixtures
nol/mol and
1.

Content cmol/mol
Amount fraction U amount fraction Mean signal U (mean)

0,225 0,0011 835,61 0,6P
0,967 0,004 8 3 515,24 0,79
1,883 0,009 5 6 833,68 2,51
4,595 0,023 16 646,19 6,87
5791 0,029 20932,59 6,59
7,558 0,038 26 935,06 8,7P
9,317 0,047 32 691,19 3,0

All calibration gases come with a relative uncertainty of the content of 0,5 %. Instrument responses
are represented by the means of three replicates taken, with uncertainties estimated as standard

unce

D.3

rtainties of these means.

Regular calibration

For the simplified working calibration, the TPC approach (bracketing) was selected.

Step A: Preparation of two calibration gas mixtures such that the measuring system obtains, on this
mixture, responses which bracket, within a specified range R, those obtained on the unknown sample.
From the seven gases used in the performance evaluation, gas 3 and 5 were selected to bracket the

© ISO
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