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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. 1SO collaborates closely with the International Electrotechnical

Commission

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

IEC) on all matters of electrotechnical standardization.

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bodieg for voting.

Publication as

Attention is d
patent rights.

SO shall not be held responsible for identifying any or all such patent.rights.

International $tandard ISO 6143 was prepared by Technical Committee ISO/T'C 158, An

and replace t
analytical sys
gas mixtures
checking the
use.

Annex A form|

ems have been updated and a method for estimating the-uncertainty of the
has been added. It also cancels and replaces 1SO 6711:1981, of which
Composition of calibration gases have been specified;thus replacing the me

S a normative part of ISO 6143. Annexes B and C are for information only.

an International Standard requires approval by at least 75 % of the membetbodies casting a vote.

awn to the possibility that some of the elements of this International Standard may be th¢ subject of

alysis of gases, to cancel

ne first edition (1ISO 6143:1981), of which the methods for the/design and evaluation of calibrations of

composition of calibration
entirely new methods for
thod which is o longer in
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Introduction

In gas analysis, calibration of analytical systems, as specified in the first edition of ISO 6143, has largely been
confined to the determination of a straight line through the origin, or of a straight-line segment, using only the
minimum number of calibration standards (one for a straight line through the origin, two for a line segment). The
approach adopted in the revision, relating to calibration as well as to uncertainty evaluation, goes far beyond this
simple scheme by

— includipg non-linear response curves and/or functions,

— replacing interpolation by regression,

— takingjinto account the uncertainty on the calibration standards,

— includipg validation of calculated response curves and/or functions,
— calculgting uncertainties by uncertainty propagation.

As a consequence of adopting non-linear response models, advanced regression techniques (grrors in both
variables) and uncertainty propagation, the main calculation proecedures can only be performed o a computer,

using a specific program. Such a program is available (see annex C). As an alternative, sufficient [information is
given in thg document to enable the user to develop a program‘on his own.

© ISO 2001 — All rights reserved \
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Gas analysis — Comparison methods for determining and

checki

ng the composition of calibration gas mixtures

1 Scop

e

This Interngtional Standard provides methods for

determ
mixtur

calculg

ES,

ting the uncertainty of the composition of a calibration gas mixture in relation to the known

the composition of the reference gas mixtures with which it was compared;

checki
mixtur

compdg
metho
compd

NOTE

instead of p
applications
the effect of

2 Term
For the pur

2.1

compositi
characteris
compositio

NOTE
the advanta

Ng the composition attributed to a calibration gas mixture by,cemparison with appropriate
bS,

ring the composition of several calibration gas mixtures, e.g. for the purpose of comp
Is of gas mixture preparation, or for testing consistency among gas mixtures of c
sition.

n principle, the method described in this document is also applicable to the analysis of (largely) un
however, require appropriate care and copsideration of additional uncertainty components, for exan
matrix differences between the reference gases used for calibration and the analysed sample.

s and definitions

poses of this International Standard, the following terms and definitions apply.

DN

lic of a gas mixture given by the kind and content of each specified mixture component (an
h of the coamplementary gas (matrix)

n this nternational Standard, the analyte content is specified as a mole fraction, exclusively. Molg

ining the composition of a calibration gas mixture by comparison with appropriate feference gas

uncertainty of

reference gas

aring different
osely related

nown samples

ospective calibration gas mixtures (i.e. gas mixtures which are intended for use as calibration gas mixtures). Such

ple concerning

alyte) and the

fractions have

je-of being perfectly independent of the pressure and the temperature of the gas mixture. Theref

bre their use is

recommend
appropriate.

2.2
compariso

et However, for specific measuring SyStems, Other COMpOoSItion Measures (€.9- Mass COTCENtration

Their use then requires due care concerning the dependence on pressure and temperature.

n method

) may be more

method for determining the content of a specified gas mixture component (analyte) by measuring an instrumental

response

NOTE

Comparison of measuring systems requires calibration, in which the relationship between response and analyte

content is established. This is achieved by measuring the response to known values of analyte content provided by reference
gas mixtures.

©1S0 2001 -
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2.3

calibration

set of operations that establish, under specified conditions, the relationship between values of quantities indicated
by a measuring instrument or measuring system, or values represented by a material measure or reference
material, and the corresponding values realized by standards

VIM]

2.4
response function
functional relationship between instrumental response and analyte content

NOTE 1

depending on t

NOTE 2

The

Th

calibration.

24.1
calibration fy
instrumental 1

2.4.2
analysis fung
analyte conte

25
uncertainty @

b response function can be expressed in two different ways as a calibration function or an analy
he choice of the dependent and the independent variable.

e response function is conceptual and cannot be determined exactly. It is determinedfapproximg

nction
esponse expressed as a function of analyte content

tion
nt expressed as a function of instrumental response

f measurement

sis function,

tely through

parameter, agsociated with the result of a measurement, that‘characterizes the dispersion of the valugs that can
reasonably be attributed to the measurand

[GUM]

NOTE In keeping with the GUM, in this International Standard the uncertainty of the composition of a ggs mixture is
expressed as g standard uncertainty, i.e. as a single standard deviation.

2.6

traceability

property of the result of a measurement or the value attributed to a standard whereby it can be relatdd to stated
references, usually national or jnternational standards, through an unbroken chain of comparisons all hgving stated
uncertainties

[ViM]

2.7

measurement standard

material meakure, measuring in mentreference mate or me ing em ihe, realize,

conserve, orr

[VIM]

2.8

eproduce a unit or one or more values of a quantity to serve as a reference

reference standard
standard, generally having the highest metrological quality available at a given location or in a given organization,
from which measurements made there are derived

[VIM]

© 1SO 2001 — All rights reserved
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2.9

ISO 6

working standard
standard that is used routinely to calibrate or check material measures, measuring instruments or reference

materials

[VIM]

NOTE A working standard is usually calibrated against a reference standard.

2.10

reference material

143:2001(E)

established to

material or substance one or more of whose property values are sufficiently homogeneous and well

be used for the calibration of an apparatus, the assessment of a measuring method, or for assigr
materials

[ISO Guide 30]

2.11

calibrationf gas mixture

gas mixturg whose composition is sufficiently well established and stable to be-used as a workin
composition

2.12

reference gas mixture

gas mixturg¢ whose composition is sufficiently well established and stable to be used as a refereng
compositiof

3 Symbols and abbreviated terms

Y pgrameters of the calibration function F (j =07 1, ..., N)

by pgrameters of the analysis function G (j}=0, 1, ..., N)

D sqnsitivity matrix

F cdlibration function, y = F(x), for the specified analyte

G arjalysis function, x=-G(y), for the specified analyte

k cdverage factor

L linnit of detection

Mcal (spmple of) calibration gas mixture

ing values to

g standard of

e standard of

Mref (sample of) reference gas mixture

Q transform matrix

S sum of weighted squared deviations

Sees residual sum of weighted squared deviations
t Student's t-factor

uU(q) expanded uncertainty of an estimated quantity q, U(q) = ku(q)

©1S0 2001 -
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u(q) uncertainty of an estimated quantity g, expressed as a standard deviation (standard uncertainty)
u(p,gq) covariance of two estimated quantities p and q

u2(q) variance of an estimated quantity q

\% variance/covariance matrix
w half-width of a confidence range
X mole fraction of the specified analyte

(%, y;) calibpation points (i =1, 2, ..., n)

(xi,yi) adjusted calibration points (i=1, 2, ..., n)

y instrimental response of the specified analyte
z normal distribution percentage point

) relative analytical accuracy

¥ dilutipn factor

r measgure of goodness-of-fit

4 Principle

The composition of a gas mixture is determined by-separate determination of the mole fraction of every specified
analyte. Thergfore the procedure for determining.the mole fraction of only one specified analyte is| described.
Possible intefferences of other components on._the measurement of the analyte under consideration| should be
considered bl the user and taken into aecount. However, this subject is not addressed in this Ipternational
Standard.

This Internatipnal Standard is also applicable if other composition quantities than mole fraction are usefl. However
it is recommeded that the final reSuit’be expressed as a mole fraction.

The general procedure for detefmining the mole fraction x of a specified analyte in a sample of a calipration gas
mixture, or in  series of such samples, is performed in a sequence of steps summarized below.

a) Specify the analytical range of interest, i.e. the range of the mole fractions x to be determingd, and the

b)

c) Examine the available information on the relevant response characteristics of the measuring system (e.qg.
linearity and sensitivity), paying attention to possible interferences. If necessary, carry out a performance
evaluation to check the suitability of the system. Specify the type of mathematical function to be considered for
description of the response in the specified range (see 5.1, step C).

d) Design a calibration experiment in which the relevant experimental parameters are specified. Examples are:

— calibration range (to include the analytical range),

— composition, including uncertainty, of the reference gas mixtures for calibration,

4 © IS0 2001 - All rights reserved


https://standardsiso.com/api/?name=2c95df226eda29da784e48009015bcd5

parameters of the analytical method,

conditions of measurement, if relevant,

number and sequence of calibration measurements (see 5.1, steps D, E, F).

1SO 6143:2001(E)

the relevant
D.1).

the relevant
he calibration

ed to ). If not,

res used for
e gas mixture

The frequency

e) Perform the calibration experiment, i.e. measure the response, Yy, for samples of the chosen reference gas
mixtures, and estimate the uncertainty u(y) of these response values (see 5.1, step G).

f)  Calculate the analysis function, x = G(y), from the calibration data, using regression analysis (see 5.1, step H).
uncertginties. If the result is acceptable, proceed to h). If not, revise the calibration design (see'5.

h) Determine the uncertainty level of the prospective results based on the analysis functien fo
rangeq of responses and analyte contents. If the result is acceptable, proceed to i). If Aot/ revise
design| (see 5.2.2).

i) Prior tp analysing a prospective calibration gas sample, test for instrument-drift to ensure that the analysis
function is still valid for the specified analytical task (see 5.2.3). If the result is‘acceptable, proce
recalibrate the measuring system.
If the |prospective calibration gas contains other components than’ the reference gas mixty
calibration, validate the applicability of the analysis function using-at‘least one additional refereng
of appfopriate composition (see 5.2.4).

NOTE t is not necessary to test for drift in conjunction with every analysis of a calibration gas sample.

should be based on experience concerning the stability of the measuring system.

Similarly, th¢ composition of additional reference gas mixtures' used for validation should be based on experie

the cross-se
j) Detern
m
de
C8
C8
K)

In addition

hsitivities of the measuring system.

hine the composition of the prospegtive calibration gas as follows:

Pasure the response y,

termine the uncertainty u(y) of the response vy,

Iculate the mole fraction x = G(y) using the analysis function determined in f),

Iculate the uncertainty u(x) of the mole fraction x using the results obtained in h) (see 5.3).

State the result.of'the entire analysis (see clause 7).

to-determining the composition of a (prospective) calibration gas mixture, the general proc|

used to ch

nce concerning

edure may be

pck’a pre-established composition. To this end. the mixture under consideration is analyl

sed using the

procedure outlined above, and the composition obtained is compared with the pre-established composition.
Clause 6 specifies a procedure where, for each analyte concerned, the difference between the content obtained by
the confirmation analysis and the pre-established content is examined against the uncertainty on this difference for
significant departure from zero.

The general procedure may also be used to examine the mutual consistency of pre-established composition data
for a series of calibration gas mixtures or reference gas mixtures. Clause 6 specifies a procedure where, for each
analyte concerned, the measured responses and the pre-established analyte contents of all calibration gases
under consideration are tested for compatibility with the known response behaviour of the measuring system.

©1S0 2001 -
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5 General procedure

5.1 Determination of the analysis function

For a specified analyte and a specified measuring system, including relevant operating conditions, the calibration
function, y = F(x), is a mathematical function approximately expressing measured responses Yj, Yo, ..., i in relation
to known analyte contents X1, Xo, ..., X, Of appropriate reference gas mixtures. Inversely, the analysis function,
x= G(y), approximately expresses known analyte contents X1, Xp, .., X, in relation to corresponding measured
responses vi, ¥, ..., Y. The analysis function is required for calculating unknown analyte contents x of calibration
gas mixtures from measured responses y.

inction and
refore only
er, indirect
tion of this

sumes and

a) Step A: $pecify the analytical range, i.e. the range of the analyte contents-x in the calibration gas mixtures
considergd, and the acceptable uncertainty level of analytical results.

b) Step B: $pecify the measuring system to be used and its operating conditions, e.g. sample pressuyre, sample
temperatpre and sample flow.

c) Step C: $pecify the type of mathematical function to be considered for the analysis function, x = §(y). Select
the functipn from the following:

— linear functions X=bo* by

— secand-order polynomials X=Dg+ bry+ bzy2

— thirdtorder polynomials X=Dbotbry+ b2y2+ b3y3
— power functions X= b+ byyP?

— expdnential functions X= bo+ byeP2¥

The pargmeters b of the analysis function are determined by regression analysis using the valugs from the
calibration datasset, i.e. the response data collected in the calibration experiment and the compgsition data
taken from,the. specification of the reference gases used for calibration.

The type of mathematical function is chosen according to the response characteristics of the measuring
system, which may be linear or non-linear. Although the method described in this International Standard is, in
principle, completely general, it is recommended to restrict its use to linear response curves and to non-linear
response curves which only moderately deviate from a straight line.

NOTE In this International Standard, only a limited number of types of functions are explicitly considered. However, the
procedures equally apply to other types of functions, e.g. the algebraic inverses of the types of functions specified above,
as far as feasible.

d) Step D: Specify the number n of calibration points (x;, y;) required, depending on the type of mathematical
function to be used for the analysis function.

6 © 1SO 2001 — Al rights reserved
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The minimum number of calibration points recommended for the different types of functions considered is:

3

5

7

5

5

for a linear function,

for a second-order polynomial,
for a third-order polynomial,
for a power function,

for an exponential function.

The r

ommended number of calibration points is greater than the number of indeterminate parg

analysjs function because it is also necessary to validate the function chosen. If calibration ‘exp¢
only bpsed on the minimum number of calibration points, it would be necessary to-validate
functign using additional reference gas mixtures. It is better, instead, to incorporate these additio
points’| into the set of calibration points so as to reduce the calibration uncertainty of the estimate

For th

e) Step E

an apy

majority of comparison methods, an appropriate “zero gas” will provide-a-valid calibration

. Select reference gas mixtures Myef 1, Myef 2, ..., Mref n SUch that their analyte contents x;,

one vdlue above the upper limit of the analytical range.

The amalyte contents shall be determined independently to the“greatest possible extent. Dilutig

only bg

If inter
gases
case, i

Calibrd
strong
as con

f) Step F

e used under the conditions specified in 5.4.2.

erences between mixture components cannot beisafely excluded, it may be necessary to
of similar composition to those of the calibration gases considered, for the critical compq
L is recommended to use reference gas mixtures with the same complementary gas.

ition designs using equally spaced values for analyte contents are not the optimum choic
vy non-linear response. They are, however, well suited for linear and moderately non-line
sidered in this International Standard [see c), step C].

Establish the standard uncertainties u(xy), u(xp), ..., u(x,) of the analyte contents xq, X, ..., 4

For relerence gas mixtures-prepared or analysed by recently standardized methods, the standal

for the

content of each speeified component should be contained in the certificate of mixture com

For reference gas.mixtures with other specifications of uncertainty, e.g. in terms of tolerance lim

have t
analyts
recom
deviati

h be converted into standard uncertainties. If xmin and Xnmax are the lower and upper tolerar]
b contenty'and if all the values within this interval are equally likely as potentially true val
mended for use as the analyte content and its standard uncertainty are the mean and
priofa rectangular distribution between the tolerance limits as follows:

imeters of the
briments were

the analysis
nal “reference
l parameters.

point.

X2, ..., Xn Span

ropriate calibration range, i.e. approximately equally spaced,with one value below the Ipwer limit and

n series may

use reference
nents. In any

e for cases of
ar responses,

n-

rd uncertainty
position.

ts, these data
ce limit of the
ues, the data
the standard

Xmax t Xmin

2

ax ~ Xmin

,upy=2m N

The conversion of other uncertainty specifications is treated in A.1.

g)

© ISO 2001 - All rights reserved

If the complementary gas is taken as a reference gas for zero analyte content, Xmin = 0, and Xmax = Lx. Here Ly

denotes the limit of detection (see reference [6]) of the analytical method used for determining the potential
impurity, i.e. the maximum content of the analyte in the complementary gas that the analytical method fails to
detect.

Step G: Determine the responses yj, Yo, ..., Yn t0 the analyte contents Xq, Xo,
uncertainties u(yy), u(ys), ..., u(yn).

..., Xn, together with their standard
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h)

So as to establish the response data y; and u(y;) for a given x;, it is recommended to use the mean value of ten
individual responses, Vi1, Vi2, ---, ¥i10, measured independently under appropriate reproducibility conditions and
to take the standard deviation of this mean value.

Yi =

1 10
EZ Yij
i=1

The purp,
data, y; al
the mear
uncertain

The requ
measure

bse in requiring ten independent measurements for each reference gas is to ensure that'th
nd u(y;), are determined with acceptable precision. If the analytical system is under statist

value y; may be determined from a smaller number of independent measurements and tf
ty u(y;) may be calculated from the known method standard deviation.

irement of appropriate reproducibility conditions means that the yvariability of the cg
ment in the calibration experiment should be about the same as those in the applications.

e response
cal control,

e standard

nditions of

If the complementary gas is taken as a reference gas for zero analyte\content and if the respomse to zero

content i
calculate

y:_

Here the
To secur
memory
Mref,n |n d
Dependir
the relat
example
of repeat
Step H: d
The set d

the 5

5 known to be zero response (and positive to non-zero centents), the values of y and

j from the response limit of detection, Ly, as follows:
i L
y _ Ly
| — s u =
>

response limit of detection is the upper limit,of fluctuations at zero response.

e the independence of the individualCresponses, and to randomize sample interaction 6
pffects, it is recommended to meaSure the responses for the reference gas mixtures Mye,
\n irregular sequence.

g on the number of repeated’measurements, the “uncertainty of the uncertainty” of a meal
ve standard deviation-of-the standard deviation of a mean value) can be surprisingly
for ten measurements,.it is 24 % (see reference [2] of the Bibliography). Therefore a sma|
bd measurements-should not be used when determining the standard deviation of a mean

f input.data for this calculation consists of:

nalyte contents (expressed as mole fractions), x;, Xo, ..., X,

alculate the pardmeters b of the mathematical function to be used for the analysis functior].

i(y) can be

ffects, e.g.
18] Mref,2: ey

h value (i.e.
large, for

ler number

value.

the standard uncertainties of the analyte contents, u(x), u(xy), ..., u(xp),
the responses to the analyte contents, yy, Yo, ..., ¥n,

the standard uncertainties of the responses, u(y1), u(ys), .., u(yn).

These parameters are calculated by regression analysis, according to the method described in A.2.

In contrast with ordinary least squares regression, the regression technique used in this International Standard
equally takes into account the uncertainties of the composition of the reference gas mixtures and the

uncertain

ties of the measured responses.

© ISO 2001 - All r
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5.2 Validation of the analysis function

5.2.1 Purpose

Before using the analysis function determined according to 5.1, it is necessary to perform validations. These
validations serve a humber of different purposes:

to validate the response model,

to examine compliance with uncertainty requirements,

to cont

to valig

5.2.2 Val

The respor
the calibratj

the an
the stq
the reg
the stg

To assess
squared de
points lesg
Standard,
procedure.
by-product
of the adjus
the referen
calibration

following c@nditions are fulfilled for every calibration point (i = 1, 2,..., n):

NOTE 1

hlyte contents (mole fractions), xq, Xo, ...

rol drift of the measuring system,

ate the applicability to mismatching calibration gases.

dation of the response model

se model shall be validated by testing whether the selected type of analysis function is cq
on data set:

’ Xn,
ndard uncertainties of the analyte contents, u(X1), u(xa), ...,u(x,),
ponses to the analyte contents, y1, Yo, ..., Yn,

ndard uncertainties of the responses, u(y1), u(yz)s.. U(yp).

viations, S, is compared with the relevant degrees of freedom (equal to the number
the number of response curve parameters), as given in A.2. For the purpose of this
however, satisfactory fit is required for each individual calibration point by using the
For each experimental calibration point (x;, y;), an adjusted calibration point (X;, ¥;) is cg

mpatible with

the overall fit of a calculated response curve to the calibration data, the residual sunm of weighted

of calibration
International
following test
Iculated, as a

of the regression analysis used'to determine the analysis function (see A.2). The coordina

Ce gas My (i = 1, 2, (.., n). By construction the calculated response curve passes throug
points. The selected/response model is considered compatible with the calibration d

|< 2u(x;) and v - Vi

n almast all cases, this condition is equivalent to requiring that the calculated response curve pasj

| < 2u(y;)

experimenta

es X; and Y,
sted calibration point are éstimates of the true analyte content and of the true response, relspectively, for

the adjusted
ata set if the

through every
h the standard

| Cealibration rectangle” [x £ 2u(x), ¥i £ 2u(y;)], based on the expanded uncertainty U= ku wit

coverage fa

toTk=2:

If the model validation test fails, one possibility is to examine other response models until a model is found that is
compatible with the calibration data set. Another possibility is to examine, and possibly revise, the calibration data.

To effectively test the compatibility of a prospective analysis function, calculate the measure of goodness-of-fit, 7
defined as the maximum value of the weighted differences, |% - xi|/u(x;) and |§; - y;|/u(yi). between the
coordinates of measured and adjusted calibration points (i = 1, 2, ..., n). A function is admissible if /"< 2.

If several functions are considered and found to be admissible, take the final choice as follows:

a)

corresponding to this model is admissible, use this function.
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b) If no such physical model is available, and if several functions give about the same fit, i.e. similar values of the
goodness-of-fit parameter 7, use the simplest function, i.e. the one with the lowest number of parameters.

c) If no physical model is available and admissible functions differ considerably with respect to their fit, use the
function which gives the best fit, i.e. the lowest value of -

NOTE 2 The individual weighted differences can be used as a diagnostic tool for identifying potential outliers among the

calibration data.

In addition to the procedures described above, every calculated response curve has to be inspected visually. This
visual inspection is necessary to reveal “nonsense correlations” which can occur without being detected by local

examination
polynomial re
nonsense co
calibration po
point with little

5.2.3 Exam

For the spec
based on the

For determini
data yio, U(Yio
with the lowe
experiment. A
highest analyj
these two val
on the analys

NOTE The
calibration rang

5.2.4 Diriftd

If significant G
a drift test. A

ponse functions, which can exhibit non-monotonic behaviour with excellent local fit. Anot

relations can occur if, by mistake, one of the calibration data uncertainties is very smal
nt is given erroneously a very high weight. Consequently, the response curve is faorced t
importance given to the other calibration points.

ning compliance with uncertainty requirements

fied analytical range, an upper bound is determined for the uncertainty of the prospec
analysis function. This upper bound is compared with the acceptabléuncertainty.

ng this upper bound, the calculation described in 5.3 is performed, using simulated extrem
and Yhi, u(yhi), respectively. The data yi, and u(yo) are given by the response of the ref
5t analyte content, and by the standard uncertainty of that'response, as determined in the
nalogously, yni and u(yhi) are given by the calibration(data determined on the reference d
e content. From these response data, the values 6f:u(X,g) and u(xyj) can be calculated. T
Lles, max[u(Xg), U(Xpi)], constitutes an upper bound*of the uncertainty of the prospective re
s function.

calculated uncertainty takes its highest values-at the limits of the calibration range, as given by x
e includes the specified analytical range:

ontrol of the measuring system

hanges of the response af the analytical system cannot be safely excluded, it is necessary
simple one-point validation procedure is described below, aimed at providing the minimy

protection against systematic errats,due to drift. If more information on the performance of the analytica

available, e.g

Drift control
the analytical

Perform drift

due to extensivednonitoring, drift tests of better performance should be used.

system has,changed significantly.

control’in a problem-specific mode, i.e. tailored for the prospective calibration gas mixture

the case of
her case of
. Then this
hrough this

tive results

e response
erence gas
calibration
as with the
he larger of
Sults based

and x,;. This

to perform

m required
|l system is

eans to test.whether a previously determined analysis function is still valid or whether the fesponse of

Mcg under

investigation,

by-measuring the response of one of those two reference gas mixtures among Myef 1, Mre

21 Mref,n

which bracke

4 [ & PR ) [H) 4 H A4
Ui alialylc CUTTIETIU UT UTE LATUTAUUTT Yas TTTHALUTT Wicg[.

Before and after measuring the response of the calibration gas mixture Mqg, make ten independent measurements
of the selected reference gas mixture, M. These data are used to derive mean responses, Yyj(before) and
yi(after), which are to be compared with the mean response, yj(calib), obtained on M¢; at the time of calibration,
and with each other. The drift test is passed if none of the three differences, |yj(before) — yi(calib)|,
lyi(calib) — yi(after)| and |y;(before) — y;(after)| exceeds the critical value for these differences. This critical value is
given by 2,83u[y;(calib)], where u[y;(calib)] is the standard deviation of the mean response obtained at calibration
(see 5.1, step G). Should any of these differences be greater than the critical value, then the drift control test has
failed, and the analytical system has to be recalibrated.

NOTE The drift control test assumes that for each of the series of measurements performed on the drift control mixture
Mief,i before and after measuring the calibration gas mixture Mcg), the standard deviation is about the same as that for the
series of calibration measurements performed on Mt . Based on this assumption and a significance level of 95 %, the critical

10 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=2c95df226eda29da784e48009015bcd5

1SO 6143:2001(E)

value for any of the three differences is given by 242 times the standard deviation of the mean response obtained in

calibration.

If it is impractical to make ten measurements (n=10) on the drift control gas before and after measuring a
prospective calibration gas, fewer measurements (n < 10) may be made but will result in a lower drift-detection
capability. If fewer measurements are made, the critical values for the differences have to be changed accordingly.

The conditi

ons for passing the drift control test then are given by

|l yi(before) — yi(calib) | < 2 /1+% x uly;(calib)]

| yi(cal

b) - yi(after) | < 2 /1+% x uly;(calib)]

|yi(beiore) - yi(after)| <2 \/770 % U[yj(calib)]

The period
measurem
larger set @

If the drift @

5.25 Vval

bracketed by the two sets of measurements on the drift control gas may be extend
f measurements.

ontrol test fails, recalibrate the analytical system.

dation of applicability to mismatching calibration gases

If the calib

ation gas mixture under investigation contains other components than the reference gas

for determining the analysis function, it is necessary tovalidate the applicability of the analysis

validation requires at least one additional reference gas mixture whose composition is sufficiently sin

the prospettive calibration gas mixture so as to ensure that the uncertainty due to matrix mismatch

adequate

Perform th¢ validation as follows. First, identify the critical analytes, whose determination is likely to &

ntrol.

matrix misinatch. Second, for each criticalanalyte, measure the response for the reference gas mi

using the rg
function. Fi
of the refe
true for eaq

Xobs

the analysi

bsponse data, calculate thelanalyte content, xgps, and its standard uncertainty, u(Xgps), Usin
hally, compare the observed value, Xgps, With the established reference value, Xet, Of the a
ence gas mixture, taking into account the uncertainty of these values. If the following ¢
h critical analyte:

Xref| <2\/UZ(Xobs)"'uz(xref)

5 function can be used for determining the composition of the mismatching gas mixture.

ed to include

bnts of several prospective calibration gases of similar composition,~at the risk of having to discard a

mixtures used
function. This
hilar to that of
is kept under

e sensitive to
xture. Thirdly,
g the analysis
halyte content
pndition holds

5.3 Dete

rmination of the compasition of a calibration gas mixture

Determination of the composition of a (prospective) calibration gas mixture, Mg, consists in determining the
content (mole fraction), X, and its standard uncertainty, u(x), of each specified analyte. For any specified analyte,

these data

are determined in a series of three steps as follows.

a) Step I: Determine the response y for the analyte content together with its standard uncertainty u(y). For

establishing these data, it is recommended to use the mean value of ten individual responses, y1, Y, ...

measured independently, and the standard deviation of this mean value.

y
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b)

c)

12

The purpose in requiring ten independent measurements to be made is to ensure that the response data, y
and u(y), are determined with acceptable precision. If the analytical system is under statistical control, the
mean value y may be determined from a smaller number of independent measurements, and the standard
uncertainty u(y) may be calculated from the known method standard deviation.

The conditions of measurement shall be the same as those of the calibration experiment. Otherwise, it is
necessary to correct the results for the differences in the measuring conditions and to incorporate the
uncertainty Tefating to these corrections Mo the cafcufation of Uncertanty.

The response y shall be located well within the calibration range of responses to ensure\that the analyte
content Xis included in the specified analytical range.

Step J: Calculate the analyte content, x = G(y), using the analysis function determined according to the
procedurg described in 5.1. The input value for this calculation is the response y determined in a) stép 1.

Step K: Qalculate the standard uncertainty of the analyte content, u(x), using the propagation of ungertainty on
the meadured response and on the parameters of the analysis function, as follows.

2 N 2 N-1 N
42 (%—3] W2+ ]20[;’—&] u2(b;) +2§0 I;ﬂ[g—ti][g—;ju(bpb.)
where
u(x) is the standard uncertainty of the analyte content x, calculated using x = G(y);
u(y) is the standard uncertainty of the'fesponse y, determined in a) step .
u2(b; is the variance of the parameter by of the analysis function;

u(by,tby) is the covariance of the)parameters by, by of the analysis function.

The input data required for calculating the standard uncertainty u(x) according to this equation are determined
as follow:

o

The parfal derivatives’<(dG/dy) and (dGlobj) are derived by formal differentiation from the mathematical
expressign for the analysis function.

The stanglard, Uncertainty of the response, u(y), is determined according to a) step I.

The varianees 12(h) are calculated by propagation of uncertainty on the calibration data accortling to the
procedure described in A.3.

The covariances u(bj,ly) are calculated by propagation of uncertainty on the calibration data according to the
procedure described in A.3.

NOTE In general, the parameters of the analysis function are independent physical quantities. However, as a rule, the
estimators of these quantities are dependent, since they are based on the same set of calibration data. Therefore the
parameter covariances u(bj, by) have to be included in the uncertainty calculation. The algebraic sign of the covariance
terms can be positive or negative (positive or negative correlation). Hence their contribution can be additive or subtractive.

If several prospective calibration gases are analysed using the same analysis function, the results are

correlated. This correlation shall be taken into account if these gases are used jointly in the same application.
For this purpose, in addition to the standard uncertainty of the analyte content, the covariance of the analyte

© 1SO 2001 — All rights reserved
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contents for every pair of gases has to be known. This covariance can be calculated by propagation of the
uncertainty on the measured responses, and on the parameters of the analysis function, using a similar
eqguation as the one for calculating the standard uncertainty. An analogous equation is given in A.3, where the
covariance between analysis function parameters is calculated by uncertainty propagation.

5.4 Supplementary instructions

5.4.1 Exceptional uncertainties

In exceptional cases it may happen that the uncertainty calculated for the analyte content in a calibration gas
mixture Mg is lower than the uncertainty of the analyte content in some or even all of the reference gas mixtures

Mref,la Mre
contents h
with a rela
account fo
data would
specified a

a) there is
b) the ung
c) the ana

Major corr¢
uncertainty

The uncert|

12,

E

..., Mref n. This effect may occur when using a Targe number of reference gas mixtures |
ve been established independently, and a high-precision comparison method vyielding i
ive uncertainty below that of the analyte contents in the reference gas mixtures: \Howe
correlations, as for example present in dilution series, or underestimating the uncertaint
completely invalidate any such uncertainty statement. Claiming an exceptional uncertaint
pove therefore requires positive proof that

no major correlation between analyte contents of different reference gas)mixtures,
ertainty of response measurements has not been underestimated,
lysis function has been rigorously validated.

blation between analyte contents in different referencesgas mixtures will occur if they
component in common. This is most often the case indilution series, see 5.4.2.

hinty of response measurements will be grossly tuihderestimated if based on a series of n

obtained upder repeatability conditions instead of appropriate reproducibility conditions, see 5.1, step

Rigorous v
the an

there
misma

hlidation implies demonstration that

hlysis function is compatible with the/calibration data, and

tch.

5.4.2 Cofrelation between reference gas mixtures

NOTE 1
consideratio

n this clause,/ponderous verbal constructions such as “correlation between the contents of the
h in differentigas mixtures” have been simplified to “correlation between different mixtures” and similg

The proce

ure fordetermining the analysis function is restricted to uncorrelated or at most wea

reference dasmiXtures, i.e. there shall be no correlations or at most weak correlations between analy
different rgference gas mixtures. Therefore the analyte contents shall, to the greatest possib

vVhose analyte
esponse data
ver, failing to
y of response

in the sense

nave a major

heasurements

I~
.

bre no significant uncertainty~ contributions from other sources such as instrumental drift or matrix

analyte under

=

kly correlated
te contents of
e extent, be

determined independently Tor all Teference gas mixwres used. This 1S, NOwever, not the case 1or
which are often used in multi-level calibration. Mixtures prepared by dilution from the same parent mixture are
always correlated. Therefore measures have to be taken to limit the extent (number and strength) of such
correlations to an acceptable level as follows.

dilution series

In minimum sets of reference gases, i.e. sets containing only the minimum number required for the type of

analysis function (see 5.1, step D), all mixtures shall be totally independent. In extended sets of reference
gases, i.e. sets containing more than this minimum number, mixtures beyond a minimum set may be related by
dilution.

Subsets of mixtures related by dilution shall either be two independent dilutions of the same parent gas or a

single dilution and the parent gas. Successive dilutions and larger subsets of dilution series than pairs shall not
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be used. For either case of pairs, the relative uncertainty of the parent mixture shall be much lower (factor of
1/3 or less) than the relative uncertainty of dilution factors.

NOTE 2  In the case of correlated reference gas mixtures, the data evaluation procedure has to be modified by including
covariances in the weighted regression and in the uncertainty propagation. As shown in a recent publication [15], the main
impact of correlations is on the uncertainty of the parameters, while the parameters themselves are much less affected. For
weak correlations, the parameters may be estimated using the regression procedure without correlations, while correlations
have to be included in estimating the uncertainty of the parameters. This is covered by this International Standard. Strong
correlations have to be included in the regression procedure too. Such a procedure has been developed at the BAM (see
reference [15]), but is beyond the scope of this International Standard.

6 Specia[procedures

6.1 Check|ng of a pre-assigned composition
For every anglyte considered, determine:

— the contgnt;

— the unceitainty of the content.

Then check whether the determined content and the pre-assigned contentragree within their uncertainty Jimits.

For this purpdse the following compatibility criterion, based on a covetage factor of k= 2, may be used (3ee 5.2.5).

‘Xdet - X[as‘ < 2\/U2(Xdet)+u2(xpas)

In this inequglity Xget and Xpas denote the determined-content and the pre-assigned content, respegtively, and
U(Xdet), U(Xpas] denote the standard uncertainties of these quantities.

If the determined content and the pre-assigneéd content agree within uncertainty limits, this pfovides an
independent fonfirmation of the pre-assigned ‘content. The level of added confidence depends on the ratio of
uncertainties.| If u(xget) and u(xyas) are about the same, then agreement with Xget + U(Xger) adds| significant
confidence in| Xpas + U(Xpas)- This can he expressed by using a mean value and the standard uncertginty of that
mean value, fesulting in a reduction_of uncertainty by a factor of 12 . If U(Xdet) is much larger than WXpas), then
agreement With Xget = U(Xget) does.not provide much added confidence in Xpas + U(Xpas)-

6.2 Comparison of several calibration gas mixtures

The method fequires-an analytical system with known type of response, preferably linear. Given thig, for every
analyte consiglered,determine the responses and their uncertainties for every calibration gas mixture.

Then check whether—the—pre-assigned—contents—and—uncertainties—together—with—the—measured—responses and
uncertainties are compatible with the known response type, that is, whether there is a straight line passing through
all the uncertainty rectangles (see 5.2.1).

7 Testreport

Report the results in accordance with the requirements of ISO 17025. Prepare certificates for calibration gas
mixtures in accordance with the requirements of ISO 6141.

The test report shall contain the following information:

a) a description of the analytical system used;
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b) the composition, including uncertainty, of the reference gas mixtures used for calibration;
c) the mathematical function type used for the analysis function;
d) areference to this International Standard, i.e. ISO 6143:2001.

In stating the results of analysis, the analyte contents, x, shall preferably be expressed as a mole fraction. The
uncertainty of the analyte contents shall be expressed as standard uncertainties, u(x), i.e. as one standard
deviation. In addition, an expanded uncertainty, U(X) = ku(x), may be given. 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 followed in accordance with clause 6, the report of results has to|be designed
accordingly.
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Annex A
(normative)

Procedures for data evaluation

A.1 Uncertainty specifications for reference gas mixtures

A.1.1 Conv

brsion to standard uncertainties
This Internatignal Standard requires that for the analyte under consideration, the uncertainties, .u(Xy), u(x
ne analyte contents, Xq, Xp, ..., X in the reference gas mixtures Myef1, Met2i”..., Myef

ascribed to
calibration, b

Producers an
specifications

This annex gi

A.1.2 Expa

Should the ur
on the certific

In this case th

If the certific
reasonable to

A.1.3 Confi

The uncertain
confidence pr
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the certified v
W(x), by a fa
tables as follg

expressed as standard uncertainties.

d manufacturers of reference gas mixtures usually express uncertainties for analyte con
other than standard uncertainties.

Ves guidance on the conversion of frequently used specificationsto standard uncertainties.

hded uncertainty

certainty be expressed as an expanded uncertainty,“U(x) = ku(X;), then the producer sho
hte the coverage factor, k, used to determine the quoted value.

e standard uncertainty is given by:

(xi)

hte does not indicate the coverage factor used to determine the quoted uncertainty
assume a coverage factor'of/2.

dence limits

ty for the analyte content may be expressed using confidence limits of the form x £ W(x;) W
pbability, i.e._the true value of x; is expected to lie within the range x; — W(X;) to % + W(Xj) w|
this case;itlis reasonable to assume that the estimate of the true value is distributed nor
plue. The.standard uncertainty can be determined by dividing half the width of the confide
CtorZ/corresponding to the tabulated value for the stated probability in two-sided normal
WS:

b)), -eey U(X),
n used for

tents using

Uld indicate

then it is

ith a stated
th a stated
mally about
nce range,
distribution

u(xi)= W

(xi)

z

The most widely used confidence probability is the 95 % level for which the tabulated value of Zis 1,96.

NOTE As

a first approximation, this is equivalent to an expanded uncertainty using a coverage factor of 2.

Occasionally a Student's t-factor t, relating to a specified number of degrees of freedom, is used instead of Z. Then
W(X;) has to be divided by the appropriate t value.

16
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A.1.4 Analytical accuracy

Analyte contents are regularly quoted with a given analytical accuracy, e.g. X (1 £ 10 %). In this case, it has to be
assumed that the true value has a uniform probability of lying within the range x; (1 — 10 %) to x; (1 + 10 %).

In the general case of x; (1 £ & %), the true value of x; is expected to lie within a rectangular distribution with mean
x; and half range dx; /100 . Since the variance of a rectangular distribution of width 2a is given by a2/3 (see 4.3.7 in
reference [2]), the standard uncertainty is given by

O X,
100./3

u(x;)=

A.1.5 Ramge or tolerance

If the analyte concentration is defined by a range or tolerance, €.9. Xmax — Xmin. then it is necessary t¢ assume that
the true value for x; has a uniform probability of lying within this range.

In this casg, the true value of x; is expected to lie within a rectangular distributionCwith mean (Xmax +|Xmin)/2, taken
as the ceftified value for the analyte concentration, and half range (Xmax% Xmin)/2. Since the yariance of a
rectangulal distribution of width 2a is given by a2/3 (see 4.3.7 in reference [2]), the standard uncertainty is given by

Xmax ~ Xmin _ Xmax ~ Xmin

U(Xi): 2\/5 \/E

A.2 Calqulation of the parameters of the analysis function

The paranjeters of the analysis function are calculated according to the Deming's generalized |least-squares
method (sge reference [8]). Recent implementationsiand applications of this method are given in references [9] to
[14].

The principle of this method is the following. For each calibration point (X, y;), an adjusted po|nt (X;, ¥;) is
determined such that the correspondingi'sum of squared deviations, weighted by the inverse squares of the
associated|uncertainties, is a minimum,

| 2

. 2 .

S:z | '2 '| +|y,2 X = minimum
gl u(x)  uv)

Here the cpndition iS that the coordinates (X;, §;) of the adjusted points satisfy the equation anticjpated for the

analysis function.

R =AY fori=1,2, ... n

In the case of a linear analysis function, this condition means that the adjusted points are subject to lie on a straight
line. For a non-linear model function, the adjusted points are subject to lie on a corresponding response curve.

By insertion of the condition X; = G()‘/i) into the expression for the sum S the generalized least-squares problem
takes the form
N 2 2
- 3] BBI=x Jyi-y]
u?(xi) u(y;)

i=1

= minimum
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where the analysis function G depends on a specified number of indeterminate parameters, by, by, ..., by. Thus the
problem is to simultaneously determine the optimum values of the parameters bj and of the y-coordinates, ;, of
the adjusted points, which make the sum S a minimum. For this purpose, the condition S= minimum is converted
into a system of equations for the unknown parameters b; and the y-coordinates ¥; (the so-called normal
equations) as follows.

The minimum of a function of several variables or parameters is specified when the partial derivatives of the
function with respect to each variable or parameter are zero. That is, the optimum values of the parameters bj and
the y-coordinates §; are given by the solution of the following system of (N + 1) + n equations.

as L Il 1 | \TAY
abj \J s 4y ) ]
S_ol| (=12 ..n
ay,

These equatipns are solved by numerical methods, as indicated below. The missing x-coordinatgs, X;, are
calculated frofn the y-coordinates, ¥;, using the analysis function determined before.

NOTE In the generalized least-squares method, the normal equations are always non-linear, even for a linear analysis
function. Thergfore no closed-form analytical solution is available, and numerical methods have to be used. This,|however, is
not a problem if the computations are performed using a personal computer.

The recommgnded numerical procedure is a two-step iteration where'in the first step the estimates of the analysis
function parammeters are re-calculated while in the second stepcthe estimates of the coordinates arg adjusted.
These two stdps are repeated alternately until convergence is achieved.

The method ¢lescribed above provides unbiased estimates for the parameters bj(j =0, 1, ..., N) of the analysis
function. In addition, for each reference gas mixture Mggeidi = 1, 2, ..., n), the method provides an estimaje X; of the
true value of the analyte content and an estimate ¥ of the true value of the response.

The residual um of squared weighted deviations, Ses, i-€. the minimum value of S obtained after convergence,
provides an g@verall measure of fit. The expected value of this minimum is n— N, and this value shquld not be
exceeded by|more than a factor of two, For the purpose of this International Standard, however, the definitive
acceptance tgst is the goodness-of-fit'test specified in 5.2.2. In this procedure, the fit is examined at each individual
calibration pojnt.

A.3 Calculation of-thre parameter variances and covariances

A.3.1 Genefal

The variances; U2(by),amd the covariances, u(hy;by); of the parameters of the analysis function are catculated from
the calibration data as follows:

2=y LIS Py AT S S
J — aXi Xi =t ay Yi a XisXh

i=lh=i+l

(b )= Z[ J[ab'] (x) +§(2—3](§—2]u2<yi)+ zir;l“zz][g:ﬂ (;’T)(g hﬂuu.,xh)
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where
u2(x) is the variance of the analyte content x; of the reference gas mixture My j;
u2(y;) is the variance of the corresponding response vy;;
u(Xi, Xn) is the covariance of the analyte contents x; and xy, of the reference gas mixtures Myet,

143:2001(E)

i and Mref,h.

In most cases, in both these equations the third term can be considered equal to zero, because in general the
analyte contents of different reference gas mixtures are determined independently. However, there are also other
cases such as dilution series. If two daughter gases, Mef; and Mef, are derived from the same parent gas, then

the uncert

inty of the analyte content of the parent gas propagates to the daughter gases in

correlated
included in

The input ¢
are determ

The deri
bj = fj(Xl,...,

The varial

u2(y;) = [uOp1>.

If relevant,
analyte cor

So as to im

A.3.2 Transform matrix approach

ashion. As a consequence, the corresponding covariance, u(x;,Xy), is different from zere,
the calculation.

ata required for calculating the parameter variances and the covariances accarding to th
ned as follows:

atives  (dbj/ox), (obj/oy;)) are calculated by numerical differentiation  from

XN V1,-- YN) Which is implicitly given by the regression algorithm described in A.2.

ces u2(x) and u2(y;)) are given by the squared standard<uncertainties, i.e. Uu2(x)
the covariances u(x;j,x,) are calculated by propagation ef ‘uncertainty for those variables,
tents depend. The procedure for this calculation is described in A.4.

plement the procedure described above practically, the following methods are recommend

In this app
calculated
means of a

Vout=

Here the
calibration
the corresp

oach, the variance/covariance matrix Vgt relating to the output variables of the regression
rom the variance/covariance matfix; Vi, relating to the input variables of the regression
transform matrix Q according to the following equation:

QVin-Q'

putput variables are<the analysis function parameters by and the y-coordinates ¥; of

a (positively)
and has to be

bse equations
the function
= [u(x)]? and

bn which both

ed.

calculation is
calculation by

the adjusted

points. The input'variables are the analyte contents, X, of the reference gases used for calibration, and

onding responses, Y.

The transform matrix Q is calculated from the sensitivity matrices Dj, and Dy, relating to the norinal equations

hese-are matrices consisting of second-order derivatives 6290poq where Sis the objecti
d,/'p. is one of the output variables and q is again one of the output variables in the

(see A.2).
be minimiz
whereas i

ve function to
case of Doyt

matrix is given by

— -1
Q— Dout " Din

A major problem in this procedure is the inversion of the matrix Dgyt.

the transform

The parameter variances and covariances, u2(b) and u(bjby), constitute a diagonal block of the output
variance/covariance matrix Voy;.
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A.3.3 Numerical differentiation

This approach is based on the observation that any product (dF/dz)u(z) consisting of a derivative (dF/0z) and the
standard uncertainty u(z) of the variable concerned can be calculated approximately as follows:

(OF 102)u(z) = A,= F[z+ u(z)/2] - F[z-u(2)/2]

Due to the fact that a variance is the square of a standard uncertainty according to u2(2) = [u(2)]2, and that a
covariance can be expressed as the product of two standard uncertainties and the correlation coefficient according
to u(zz) = r(zz)u(xu(z), the expressions for the variances, u2(bj), and the covariances, u(bj,ly), of the analysis
function parameters are sums of products of two such compound terms, with an additional factor r in the case of

terms involvi
Using this ap

One after thd
subtracting u

calibration data sets, the analysis function parameters are calculated. From the resulting data set, i.e

analysis func
variances and

For these calq

A.4 Correl

In general, th
are also othe
parent gas, th
correlated fag
uncertainty ca
required for th

rlg rererence gas correlations (covariances).

roach the parameter variances and covariances, u2(bj) and u(b;,ly), are calculated as-folloy

other, the calibration data x and y; are changed, first by adding the respective u/2,
2, while the other calibration data keep their original value. For each ©f, these local

ion parameter values in the case of n calibration points, the approximate values of the
covariances are calculated.

ulations the use of a spreadsheet computer program is recommended.

ations between reference gases

b analyte contents of different reference gas mixtires are determined independently. How
[ cases such as dilution series. If two daughter gases, Mgt and Mgt h, are derived fron
en an error in the analyte content of the parent gas propagates to the daughter gases in a

liculation, in addition to the standard uneertainties u(x;)) and u(xy). Specifically, these coval
e calculation according to A.3.

VS.

second by
y changed
4n sets of
parameter

ever, there
h the same
(positively)

hion. As a consequence, there is a non-zero covariance, u(xj,X,), which has to be inclfided in the

riances are

The general procedures for deciding whether correlations between reference gases are relevant and|calculating
the associatefl covariances may be summarized as follows.
a) Correlatigns are relevant if the @nalyte contents of different reference gases depend on the same fuantity, or

on a common set of quantities; and if the uncertainty on these quantities is significant.
b) Covarianges are calculated by propagation of uncertainties on the common variables, as follows. If the analyte

contents [x; and x, depend on common quantities p, q, ... , then the covariance u(x;,X,) is given by

oXi |( 9xn | 2 Ixi |( 9xn | 2
u(xi{ixp)=|=— || =— |u +— | = |u + ..
(Xi {xn) (ap a () a9 )\ 9q (a)

where u?(p), u2(q), ... are the variances of the quantities p, g, ...

EXAMPLE If a reference gas mixture Mes 2 is derived from another reference gas mixture Mef 1 by dilution, the analyte

contents xq and xo are correlated, since an error in xq will propagate to xo. If Xy is expressed as xo = yx1 with a dilution factor ,

the variances u

2(x1) and u2(xy) result as follows

u2 (%) =[u(x)]?

u2(x2):y

20

2[u(x))]*+x¢[u(r)])?
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u(y)
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is the standard uncertainty of the analyte content x;;

is the standard uncertainty of the dilution factor y.

In addition to these terms, there is a non-zero covariance term as follows.

U(x1,x2)= 7’[U (Xl)}z

If another re

erence gas mixture M. o is derived from M. .. using a different dilution factor ¥’ then the covarian
=) ref:3 ref:+ =) 7

143:2001(E)

e between the

analyte cont

u(xs, X

Multiple-stg

A.5 Indif

ents of Mgt 2 and My 3 is given by

y=77" [u(x)]?

p dilution series can be treated analogously but are not relevant for this International Stanc

ect determination of the analysis function

Indirect defermination of the analysis function proceeds in two steps. In-the’first step, an estimate of

function, y
estimate of
has two ma
indired

the inv

For these r

In particuld
are good re
specific tyy
should be
function cg
regression,

The paran
elimination

= F(X), is determined from the calibration data, using regression analysis. In the sec
the calibration function is inverted to yield an estimate of the analysis function, x = G(y). T|
jor disadvantages:

t determination of the analysis function most oftenresults in larger uncertainties of the ana
ersion of the calibration function may causg.problems, e.g. in the case of polynomials.
pasons, this International Standard recommends direct determination of the analysis functi

I cases, however, indirect determination of the analysis function may be preferable, for ex
asons to assume that the response behaviour of an analytical system is very accurately d
e of non-linear calibration\function. If this model function can be inverted algebraically
used as a prospective_analysis function. However, if algebraic inversion is not possib
n only be used as-a.prospective calibration function. Then the parameters, &, are d
using the method-described in A.2 with a slight adaptation, as follows:

eters g of the-Calibration function are determined by minimizing the expression of $
of the coordinates ;.
2 . 2

|>‘(i—xi| |F(Xi)_yi| _
+ = minimum

jard.

he calibration
bnd step, the
his procedure

ytical results;

bn.

ample if there
escribed by a
, the inverse
e, the model
etermined by

b obtained by

S:

L0 W2y)

Here the calibration function, F, depends on a specified number of indeterminate parameters, ag aj, ..., ay. The
problem then is to determine, simultaneously, the optimum values for these parameters and for the x-coordinates,
Xj, of the adjusted points. The y-coordinates, ¥;, are calculated from the X;, using the calibration function
determined before.

After determination of the parameters the (estimated) calibration function, y = F(x), has to be inverted to yield the
(estimated) analysis function, x = G(y). This inversion, however, can only be done numerically, solving the equation
y = F(X) point-by-point, that is, for individual input values vy, yielding the corresponding output values x = G(y). For
this purpose, any equation solver, as contained in general purpose mathematical software program, can be used.
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For an indirectly determined analysis function, the uncertainty calculation described in 5.3 has to be modified
accordingly.

yr (3GY N (a6, < (0G| oG
=] — - . 2 — || == .
u“(x) (ayJ us(y)+ ,-z:o[aajJ u(aj+ jE:OI:Ejﬂ{aaj][aaljU(aJ a)

In this equation, G is the inverted calibration function, calculated numerically, and the g are the parameters of the
calibration function.

Due to the fact that G was obtained from F by numerical inversion, the partial derivatives (0G/dy) and (0G/dgj) have
to be calculatfd by numerical methods, 100.

The variances u2(a) and the covariances u(aj,a) of the parameters of the calibration function-are cglculated by
propagation gf uncertainty on the calibration data, analogously to the procedure described in A-3.
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Annex B
(informative)

Examples

B.1 General considerations

143:2001(E)
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applicd
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NOTE

uncertaintieg
should be n
program B_|

ng practical examples illustrate the application of the method recommended in this
-urthermore, they may serve as a reference for checking the performance of tailored_so
amples have been taken from different laboratories using different analytical methads:

ions have been made using B_LEAST, a computer program implementing. the metho
| Standard (see annex C for program description). The program has_exiensively bee
is made available in good faith and does not contain known errors. However, this does 1
or any contractual or commercial situations nor a guarantee ‘0f/warranted prop

itln particular no guarantee that it is error-free.

users of B_LEAST or any other tailored software implementing the methodology of thig
hould be aware of the following considerations.

focess of solving generalized least-squares problems"is iterative even for linear mo
guently, the results obtained may differ slightly in dependence on the numerical algorithms
ion criterion applied.

ST is not intended for use to solve least-squares problems in general. If used as such (i
Ms beyond the scope of this Internationak Standard), the user should do this with due ca

encies of the results on the initial guesses.

ST is a compromise between\robustness, short processing times and result accuracy.
itions are concerned, the(user should adjust accuracy (by altering the truncation cri
be of longer data processing times. Stiff data sets may even require an alteration of the i
default), and ill-posed problems may cause unexpected program termination.

Standard uncertainties can hardly be estimated with a relative precision better than 10 %. Ther

u(x) should not, be’ specified with more than two digits and for the corresponding data x, the decini
hatched to that{for u(x). However, for comparison purposes, in the examples input and output o
| EAST, the"decimal presentation is given with a higher number of digits.

International
ftware. These

lology of this
n tested and
ot imply any
erties of the

International

del functions.
used and the

particular for
e, and all the

sibility lies with him for carrying out appropriate checks regarding the truncation criterion and (possible)

When special
terion) at the
nitial guesses

bfore, standard
al presentation
f the computer

B.2 Examples

B.2.1 Example 1

In this example, the application of the main procedure as described in clause 5 has been followed so as to
determine the content of NO in N». Therefore, it is subdivided into steps Ato H of 5.1, the validation procedure of
5.2.1, and steps | to K of 5.3. Actions and results are summarized and briefly commented under the corresponding

step.

a)

5 umol/mol to 50 pumol/mol).

b)

bandwidth of the analyser of 2 nm.

©1S0 2001 -
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Step A: The content of NO in N, is determined as a mole fraction in the range of 10-6 (approximately

Step B: Measurements are carried out using UV absorption at a wavelength of 190,5 nm with a spectral
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f)

9)

24

Step C: UV absorption intensity is known to be a linear function of analyte content over a wide range.
Therefore a linear model function is considered.

Step D: For a straight line, the minimum number of calibration points is three. A minimum calibration design
with three reference gas mixtures (no blank) is used.

Steps E + F: For the selected reference gas mixtures, the analyte contents and their standard uncertainties are

given in Table B.1.

Table B.1
Reference gas NO. Xi uixi)
1 4,5 0,045
2 18,75 0,187 5
3 50 0,5

Step G: The responses to the analyte contents (as the mean of ten individual measurements) anf response
uncertairties (as the corresponding standard deviation) are determined-and yield the values given in

Table B.2.
Table B.2
Reference gas No. Yi u(y;)
1 0,196 9 0,003 938
2 0,7874 0,015 748
3 2,022 8 0,040 456
Step H: [The complete data set for the\determination of the parameters of the analysis functiopn and their

uncertainties is given in Table B.3.

Table B.3
X u(x) Yi uy)
4,5 0,045 0,196 9 0,003 938
18,75 0,187 5 0,787 4 0,015 748
50 0,5 2,022 8 0,040 456

The parameters are calculated by regression analysis (see A.2). Using B_LEAST for calculations, the following
function parameters and their uncertainties are obtained:

intercept by:
slope by:
standard uncertainty of the intercept:

standard uncertainty of the slope:

covariance between intercept and slope:

-3,574 7 x 101
2,461 2 x 10
15716 x10-1
4,804 8 x 101

-5,692 1x 102

© 1SO 2001 — All rights reserved
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h) Validation step (see 5.2.1): For the calculated regression line, the residual sum of squared (weighted)
deviations, S, is 0,674 3, a value small enough for a good fit. The uncertainty-weighted deviations of
adjusted points from corresponding calibration points with respect to analyte content and response are given in

Table B.4.
Table B.4
Weighted deviation Weighted deviation
Reference gas No. with respect to with respect to
analyte content (X) response (y;)
1 4-525<10=2 9 73-10=2
2 -2,75x 101 5,68 x 10-1
3 2,31 x 101 -4,60x 101
The m

the cr

pasure of goodness-of-fit, 7; (maximum absolute value of the six values listed above) is 0

568, far below

tical value of 2, indicating excellent compatibility of the regressien”line with the calibration data.

Therefore, the linear model function may be used for determining the analyte content of prospectjve calibration

gas m

i) Step |
uncert
mixtur

i) Steps
analys
in Tab

Xtures.

. The prospective calibration gas mixtures are selected and their responses and the
hinties (mean and standard deviation of ten individual measurements) are determined.
bs selected here, the results are given in Table B.5.

Table B:5
Mixture No. Analysertesponsey Uncertainty u(y)
1 2,580 0 x 101 5,160 0 x 10-3
2 6,000 0 x 101 1,200 0 x 102
3 1,8000 3,600 0 x 102

torresponding
For the three

J + K: For the selected)mixtures, the analyte contents and their uncertainties are calculated using the
s function determined in step H as described in 5.3. Using B_LEAST for calculations, thg values given

e B.6 are obtained.
Table B.6
Mixture No. Assigned value of x Uncertainty u(x)
1 5,992 3 1,637 7 x10-1
2 1,4409x 10 3,559 9x 101
3 4,394 3x 10 1,1631

Due to the fact that the same calibration was used for determining the NO content in all three mixtures, the
assigned values have covariances. Covariances are as follows:

— between values for mixtures 1 and 2: 1,16 x 102

— between values for mixtures 1 and 3: 1,48 x 102

— between values for mixtures 2 and 3: 1,37 x 101

© ISO 2001 - All rights reserved
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If the mixtures are to be used together within a set of standards for further calibration, covariances between them

should be taken into account properly.

B.2.2 Exam

ple 2

In this example, nitrogen N» in a synthetic natural gas is determined by gas chromatography (GC) as the analytical
method. A GC equipped with a thermal conductivity detector is used. The calibration data set consists of seven
data points derived from measurement of reference gas mixtures (standards) and a blank measurement as given in

Table B.7.
TableB.7
X u(x;) yi u(y:)
1,500 x 103 9,000 x 104 6,000 x 10 3,500 x"10
1,888 x 10-1 4,500 x 104 7,786 x 103 1,357 x 102
1,990 4,000 x 10-3 8,170 x 104 3,670 x 10
3,796 3,900 x 102 1,562 x 105 2,232 x 102
5,677 1,250 x 10-2 2,333x 103 1,372 x 102
7,118 1,250 x 102 2,930 x 10> 2,455 x 102
9,210 2,000 x 102 3,808105 1,251 x 102
1,090 x 10 2,500 x 10-2 4,497 x 105 3,218 x 102
The number pf data points allows all four types of medel functions to be fit to this data. Determini
analysis function using the method recommended. in ‘this International Standard, the following para|
obtained:
interceptbg: 3,918 9 x 104
slope by: 2,428 6 x 10-5
standard|uncertainty of the intereept: 1,145 8 x 10-3
standard|uncertainty of the)slope: 2,416 1 x 10-8
covariange betweeniintercept and slope: -7,274 7 x 10-12
The residual sum;of'squared deviations, S, is 6,169 7, indicating an acceptable fit. Accordingly, the

goodness-of-‘it, 1, is 1,632 2, still below the critical value of 2. Therefore, compatibility is acceptable, an

hg a linear
meters are

measure of

d the linear

model function may be used for determining the analyte content of the prospective calibration gas mixtures. For the
two mixtures selected here, results are given in Table B.8.
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