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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting’-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 158, Analysis Of gases.
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Introduction

Traceability is considered as one of the key items of quality assurance in gas analysis. In general, it is defined
by the existence of unbroken chains of comparisons, relating the analytical result to acknowledged standards
of measurement. More specifically, an analytical result is considered traceable if, by way of these
comparisons, it has been demonstrated to be free of significant bias, significance referring to the specified

unceptainty of the result

As a
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considered traceable if it has been demonstrated to be free of significant bias, or if significant b
corrected, by measurement on representative samples of known traceable compaosition. Th

samg
in pa

This
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princ

Expréssion of Uncertainty in Measurement (GUM) [31.
In thig International Standard, the term “concentration” is usedfor two different purposes:

— @s a general term for quantities measured in gas composition analysis, replacing the term “
SO 7504 [4]);

— 118 a generic substitute for any of the specific quantities measured in gas composition ana

rule, traceability is not demonstrated individually for a single analytical result but for a~defin
dure with specified ranges of analyte concentration and matrix composition. An arialytical

les of appropriate reference gas mixtures. Alternatively, other representative’samples may
allel using an accepted reference procedure.
International Standard provides generic methods for demonstrating, or establishing, t

tical procedures using reference gas mixtures or reference amalytical procedures,
ples laid out in 1ISO 14111 [l and ISO/TS 14167 [2], and respecting the principles of the

e mass concentration or the mole fraction of a specified analyte (see ISO 7504 [4]).
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INTERNATIONAL STANDARD ISO 15796:2005(E)

Gas analysis — Investigation and treatment of analytical bias

1 Scope

This International Standard specifies generic methods for detecting and correcting bias (systemelatic errors) of
analytical procedures for the analysis of gases, using reference gas mixtures or referenge analytical
procgdures, as well as for estimating the correction uncertainty.
The main sources of (and parameters affecting) bias of analytical procedures are instrumental dyift (time) and
matrik interferences (matrix composition). Moreover, bias normally varies withnanalyte concentration. This
International Standard therefore establishes protocols for

— detecting and correcting drift for an analytical system of limited stability,

— ipvestigating and handling bias of a stable analytical system for a,specified range of sample ¢gomposition,

which are intended to be used in method development and method validation studies, either $eparately or
sequentially.

This |nternational Standard specifies procedures for two options, applicable to systematic effects,|as follows:
a) tracing the observed pattern of deviations and.correcting for their effect,

b) averaging over their effects and increasing the uncertainty,

wherg normally the first option entails loweér uncertainty at the expense of higher effort.
For the convenience of the user,"the methods specified in this International Standard are described for
procedures of composition analysis, i.e. procedures for measuring the concentration of a specifiedl analyte in a

gas rhixture. However, they-are equally applicable to measurements of physico-chemical propeifties of a gas
or gap mixture relevant ta’gas analysis, and translation into this subject field is straightforward.

2 Terms and-definitions

For the purposes of this document, the following terms and definitions apply.

2.1
bias
estimate of systematic error

NOTE Since the true value of a measurand cannot be known exactly, systematic errors cannot be determined exactly
but have to be estimated using reference values.

2.2
correction
procedure by which the uncorrected result of a measurement is adjusted to compensate for systematic error

NOTE 1 Since systematic errors cannot be determined exactly, a correction can never be complete.

NOTE 2 In the VIM [9], the term correction is used with a different meaning.

© 1SO 2005 - All rights reserved 1
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23
uncertainty

parameter, associated with the result of a measurement, that characterizes the dispersion of the values that

could reason

ably be attributed to the measurand

[GUM:1993 3], definition 2.3.2]

2.4
traceability

property of the result of a measurement or the value of a standard whereby it can be related to stated
references, usually national or international standards, through an unbroken chain of comparisons

[VIM: 1993 [5]

NOTE In
attributed to 1
and comparis(

2.5

definition 6.10]

ISO 14111 '] the term traceability is defined as the ability to provide evidence of the verall acq
heasurement results through documented calibrations, using measurement standards,6f"known acq
n measurements of known performance.

reference v3glue

estimate of
reference for

NOTE In
reference gas

2.6

reference g
calibration g
standard of g

[1SO 7504:2(

2.7
reference arf
analytical pn

!

a quantity, with sufficiently well established traceability and specified uncertainty, used
a specified purpose

gas analysis, reference values of composition or physico-chemical properties are most often provid
mixtures and reference analytical procedures.

s mixture
s mixture whose composition is sufficiently well;established and stable to be used as a refe
omposition from which other composition dataare derived

01 [4], definition 4.1.1]

alytical procedure
ocedure which is capable~of providing traceable results with sufficiently well establ

uncertainty for use as reference values

238
drift
slow change

29
stability
(of a measur

of output, at constant input, of a measuring system

ng,system) absence of significant drift

uracy
uracy

as

ed by

ence

shed

210

matrix interference

change in an

alytical response for a specified analyte, caused by variations in matrix composition
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3 Symbols

A B specified drift-control mixtures

b; parameters of a bias correction model
1) deviation (from a reference value)

| interferent under consideration

M gas mixture under consideration

m, n,IN number of data in a data series

p number of correction parameters

(0] recovery (with respect to a reference value)

r number of reference gas mixtures used for bias investigation

R; reference gas mixtures used for bias investigation

s standard deviation of a data series

s, relative standard deviation of a data series (coefficient’of variation)
52 variance of a data series

t time

u(x) standard uncertainty of an estimated-quantity x

u?(x)|  variance of an estimated quantity x

u,(x) relative standard uncertainty of an estimated quantity x

u(x,y)  covariance between/two estimated quantities x and y

X,y quantity under-consideration

(x) mean-value of several quantities x;

X analyte under consideration

A2 Mean-square successive difference of a data series

© 1SO 2005 - All rights reserved 3


https://standardsiso.com/api/?name=eaa858c590b6f1b48a96bf1ad746c4ac

ISO 15796:2005(E)

4 Bias related to instrumental drift

4.1 Principle

This clause specifies procedures for investigating potential drift of an analytical system and taking corrective
actions, if significant drift is encountered.

If the analytical system is expected to be stable, a “drift-control mixture” is measured on a regular basis. For
each specified analyte, the results are recorded on a control chart, and the time series of control data is
examined continuously. As long as these data vary at random within established control limits, the analytical
system has been demonstrated to be stable. Monotonic decrease or increase in control data indicates drift. As
an alternative to visual inspection, a statistical test based on successive differences may be used to defect a
significant trend. As soon as drift becomes significant, e.g. when data exceed control limits, of ‘when a
significant trend is observed, the analytical system is removed from service. After adjustment and re-
calibration, the analytical system is returned to service.

The “drift-control mixture” should contain all analytes currently being measured. Given sufficient information
on the respopse behaviour of the analytical system, a representative subset of analytes.may be used.

If the analytigal system is known to exhibit significant drift, it can at least be expected-that the drift behavipur of
the system does not significantly depend upon sample composition, since this would allow for drift corrgction
based on mgasurements of appropriate “drift-correction mixtures”. This expggtation is tested by analysinp two
mixtures of distinct composition (different concentrations of the analytes under consideration, different matrix
compositiond) on a regular basis. The results are recorded, and for each analyte the two time-series of drift
measuremerjt data are compared in order to investigate whether drift behaviour can be expressed| in a
concentratiop-invariant manner. Given this for every analyte under,consideration, the two time-series for|each
analyte are pooled to derive a drift correction. In fortunate cases, a joint drift correction may be usgd for
several or evien all analytes.

If the systenp exhibits significant drift, and if moreover_drift characteristics depend upon concentration], drift
correction ngeds to be integrated with calibration. This\tepic is beyond the scope of this International Stapdard.

4.2 Stability monitoring

4.2.1 Gendral considerations

A drift-contrgl mixture is required which is typical of the gases for which the analytical procedure is used. The
composition [of the mixture shallbe stable, but the concentration of the specified analytes used for stability
monitoring dpes not have to be“established in advance with high accuracy.

An analysis pf the drift-contfol mixture should be carried out with each batch of samples. Its compositjon is
unvarying so|the results\of this analysis can be used as an indication as to whether the procedure is no Ipnger
working satigfactorily-or’re-calibration of the instrument is necessary, or both.

Stability can p&monitored using either concentration data or the corresponding response data.

4.2.2 Use of Shewhart control charts

Before first use, the drift-control mixture is analysed at least 10 times in order for precision data to be
calculated. For each specified analyte in the drift-control mixture, the mean concentration (or response) and its
standard deviation are calculated. If the within-day standard deviation is less than the between-day standard
deviation, then these precision data need to be collected one a day for 10 days.

For each specified analyte in the drift-control mixture, a control chart is constructed with points marked on the
Y-axis representing

a) the mean concentration (or response),

4 © ISO 2005 — All rights reserved
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b) the mean * 1 standard deviation,

c) the mean + 2 standard deviations (warning limits), and

d) the mean £ 3 standard deviations (action limits).

Lines parallel to the X-axis are drawn from these points. Each time the drift-control mixture is analysed, the
value is plotted using the X-axis as a time scale. As more information becomes available the means and

standard deviations can be updated. This assumes that the analytical system has remained stable. Data
which clearly indicate some fault shall not be used to revise the control limits.

The plotted values from the analysis of the control gas are compared with the mean value and thg + 1, + 2 and
+ 3 sfandard deviation lines. It is assumed that the composition of the drift-control mixture is\stable and that
the analytical results for this follow the normal distribution. If this is true, then while the systen] is behaving
normglly, any individual results for the components of the drift-control mixture may fall. ottsidg the warning
limits| on 1 occasion in 20. This means that if individual results fall outside the warning limits more than just
occasionally, this can indicate that either there is a systematic tendency for the results to be tog high (or too
low) pr the random error for measurement of that component has increased. Likewise, individua] results may
fall oytside the action limits on 3 occasions out of 1 000.

ISO 8258 [6] contains the following tests which can be used for indicatingthe presence of variation:
ne point exceeding + 3 standard deviations;

ine points in a row on one side of the mean;

ix points in a row steadily increasing or decreasing;

urteen points in a row alternating up and dows:

o out of three points in a row exceeding +2 standard deviations or —2 standard deviations;
ur out of five points in a row exceeding +1 standard deviation or —1 standard deviation;
fteen points in a row above-and below the mean, but not exceeding + 1 standard deviation;
— ¢ight points in a row above and below the mean, but all exceeding + 1 standard deviation.

If any of these tests indicates the presence of variation, then that shall be diagnosed and corfected. If this

investigation indicatés that there is no fault with the measuring procedure, then re-calibration of the instrument
is reduired.

4.2.3| Statistical trend test

As ap‘alternative to monitoring monotonic increase or decrease, drift-control data may be investigated for
trends using a stafistical test based on successive differences. Given a time-series of drift-control data x, x5,
..., X with mean value (x), the mean-square successive difference A2 is determined according to

4% =[ (v =x2)% +(xg = 23)? ot (ry g =) N 1) (1)
This quantity is compared with the variance s2 given by

s2 =[x1 =02 4 (rg = N2t Loy (N2 UV =) (2)

© 1SO 2005 - All rights reserved 5
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If successive values in the series are independent (and moreover from a normal distribution), then 42 ~ 2 s2. In
case of a trend A2 <2 s2 because successive values are closer than to be expected for values drawn at
random from a normal distribution.

For a significance test, the test statistic 42/s2 is compared with the critical value for the specified length N of
the series under investigation and the specified significance level. Values of the test statistic below the critical
value indicate a significant trend. In this International Standard a significance level of 95 % or 99 % is
recommended. Critical values for these significance levels are given in Table A.1, Annex A.

EXAMPLE
1,30; 1,28; 1,26; 1,24; 1,27; 1,27; 1,24; 1,26. For these data the mean-square successive difference A2 is 38 x 1
while the vari 2 | 4 istic 42/g2 = iti 2
0,751 8 for a significance level of 99 % and 1,062 3 for a significance level of 95 %. Therefore, under the assumpti
independence| and normality, the drift-control data exhibit a significant trend on the 95 % level, while the trend
significant at the 99 % level.

Consider a series of drift-control data (carbon monoxide in nitrogen, expressed in mmol/mol): 1,28; 1,30;
049,
lue is
bNns of
is not

Consider now
1,24; 1,27; 1,
variance s2 st
series does nq

the modified data series generated by interchange of the 3rd and 9th datum: 1,28; 1,30:1,24; 1,28] 1,26;
P7; 1,30; 1,26. For these data, the mean square successive difference A2 is now 98 % 104/9, while the
Il is 40 x 1074/9. Hence the test statistic 4%/s? takes a value of 2,45 which means that the modified data
t exhibit any indication of drift, under the above assumptions.

to 20

For stability

monitoring based on regular drift-control measurements, a moving-window comprising 10

data is reconfmended.

If any of the
investigation
is required.

4.3 Drift ¢

4.31

This clause 3
this purpose
the (true) cg
measured vg

This clause
determined

e tests indicates the presence of variation, then that shall\be diagnosed and corrected.
indicates that there is no fault with the measuring procedure, then re-calibration of the instrd

orrection

Gendral considerations

f this
ment

pecifies a general method for post-processing analytical data to correct for instrumental drift. For

an analytical system is treated as @ ‘black box”. Here the input is the value of the measuran
ncentration of the analyte under.consideration in the analysed sample, and the output i
lue of this analyte concentration.

is applicable for absolute methods, i.e. analytical methods where analyte concentrati

d, i.e.
5 the

DN is

lirectly, or relative methods where the relationship between measured response and analyte

concentratiof is known. It is-also applicable for comparison methods, i.e. analytical methods wher

relationship

Two drift-cor

etween measured-response and analyte concentration is determined empirically by calibrati

rection mixtures are required which are typical of the gases for which the analytical proced

used. Each

nalyte_te be determined by the procedure shall be present in both mixtures, at different

e the
DN.

ire is
evels

bracketing ap apprepriate concentration range. The composition of the mixtures shall be stable, and the

concentration of the analytes used for drift investigation shall be known with specified uncertainty.

4.3.2 and 4.3.3 specify two complementary approaches, based on additive and multiplicative drift modelling
respectively. Usually only one or neither of these procedures will work. If in a particular case both approaches
work, the one with the better performance, i.e. with lower correction uncertainty, should be used.

NOTE 1 For an analytical comparison method, drift correction is sometimes better performed using measured
responses instead of analyte concentrations.

NOTE 2 Using reference gas mixtures for drift control has the advantage of providing an “absolute” drift correction, i.e.
relative to reference values of analyte concentration. As an alternative, less well-characterized gas mixtures could be used
for drift correction relative to analyte concentrations measured at a specified time #,. The latter approach would, in addition,
require a proof of stability of the drift-control mixtures. Secondly, the concentrations measured at 7; would have to be
investigated for bias in a later stage.

© ISO 2005 — All rights reserved
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Additive drift correction

In this subclause, instrumental drift is presented as an additive bias according to Equation (3):

x(t) = x+5(x,t)

where
x(¢#)  is the measured concentration of the analyte under consideration at time ¢,
x is the true analyte concentration,

®)

If, fo
correl
of tim

To th
basis

‘B2

funct
paral
mixty

If thig
comb
resul

The s

In thi
The

correj
of the

If big
deriv

4.3.3

b(x,7) is the bias at analyte level x, due to drift at time .

a given analyte, this bias should be the same for different levels of analyte concentrati
cted by determining the bias obtained on a sample with known concentration ofithe analyte
e, and subtracting the applicable bias from the results obtained on other samples.

s end, the concentrations of two mixtures (called A and B) as specified-abeve are measureq
, and the time-series of results are recorded. For the given analyte,these are xp4, xpo, ...,
..., xgN- The two time-series are smoothed by interpolation or(regression, yielding tw
ons) xa(#) and xg(#). Given concentration-invariant additive bias™or that analyte, these cury,
el, with a distance of x,(7) — xg() = XA ref — X ref Where xp reg@nd xg o are the reference val
re A and B.

b is true (within experimental variability) the differences’ xp; — xp rof @nd xg; — xg ¢ are po

ined time-series is smoothed yielding a curve (orfunction) &§(s). This curve is then used t
obtained on another mixture M at any time ¢ within the period covered according to

m=2xm(1)=5()

tandard uncertainty of the corrected:result is determined by

2(xM)=u2[xM(t)]+u2[5(t)}

5 uncertainty budget, the\first term is obtained from the uncertainty budget of the analytic
econd term is estimated from the residual scattering of the pooled differences used to d
ction curve 5(¢). In‘addition, the uncertainty contributions of the drift measurements and the
drift-correction-mixtures are included if significant.

s corrections~should be approximately the same for different analytes, then a joint corre
bd for a group of such analytes from pooled time-series.

Multiplicative drift correction

DN, it can be
as a function

on a regular
XAN and xB1,
b curves (or
s should be
ues given for

bled and the
p correct the

(4)

©®)

hl procedure.
etermine the
composition

ction may be

In this subclause, instrumental drift is presented as a recovery factor according to Equation (6):

X

(t)= Q(x,t)x

where

x(2)

X

Ox,1)

© IS0

is the measured concentration of the analyte under consideration at time ¢;
is the true analyte concentration;

is the recovery factor at analyte level x, due to drift at time z.
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If, for the given analyte, this recovery factor should be the same for different levels of analyte concentration, it
can be corrected by determining the recovery on a sample with known concentration of the analyte as a
function of time, and dividing the results obtained on other samples by the applicable recovery factor.

To this end, two mixtures (called A and B) as specified above are measured on a regular basis, and the time
series of results are recorded. For the given analyte , these are xp4, xp9, ...., xon @nd xg4, Xgg, ...., XgN- The
two time-series are smoothed by interpolation or regression, yielding two curves (or functions) x,(#) and xg().
Given concentration-invariant recovery for that analyte, these curves should be proportional, with a
proportionality factor xp(#)lxg() = x ref*g ref Where xp rof @and xg (o are the reference values given for mixture A
and B.

oeorm

ie i athin AvnAr nial Aahilit the ancotiontc / an nd / anoaoled and the
If this is true (within-experimental-variability)-the-quetieptsx i rréRtrg g o are-posled-and-the-eempined
time series {s smoothed vyielding a curve (or function) Q(z). This curve is then used to correct tHe)fesult
obtained on @nother mixture M at any time ¢ within the period covered according to

.10} ()

o)

EXAMPLE Consider two drift-control mixtures (carbon monoxide in nitrogen) A and-B-with established ahalyte
concentrationg c o = 1,295 £ 0,006 mmol/mol and cg ¢ = 21,65 £ 0,15 umol/mol (where.standard uncertainties are
specified). Using an automated system, these gases are analysed alternately every 4 h between batches of samples with
CO concentrations in the range from 10 umol/mol to 5 mmol/mol. For a measurement campaign over 80 h, drift dontrol
data were obtained as shown in Table 1 [elapsed time ¢, - £, in hours, concentration g,(¢;) for gas A measured at tinje ¢; in
mmol/mol, corjcentration cg(z,) for gas B measured at time ¢, in pmol/mol].

Table 1 — Time-series of drift-control data

t—1ty Oh 4h 8h | 12h | 16h | 200\| 24h | 28h [ 32h [ 36h | 40 h

calt)
mmol/mol

cglt)
umol/mol

1,28 1,30 1,30 1,28 1,26 1,24

21,7 213 21,0 21,0 21,0

L= 1 44h [ 48h |(52h | 56h | 60h | 64h | 68h | 72h | 76 h | 80 h

calt,)
mmol/mol

cglt)
pmol/mol

27 1,27 1,24 1,26 1,25

24,3 20,9 21,2 20,6 21,0

The times-serfes-of'measurements on gas A and gas B are smoothed (sm) using ordinary linear least squares regrg¢ssion

(as available i ceammon software) This gives two straight-line equations

casm(?) = 1,291 -5,682 x 1074t — 1) ~ for gas A
Coom(f) =21,41 = 7,727 x 103(t ~ 15)  for gas B

The regression lines give the impression of a slightly decreasing detector sensitivity.

8 © ISO 2005 — All rights reserved
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The next step is to investigate whether the two drift-control data series may be combined to obtain a common drift
correction. For this purpose, the approach using recovery factors looks promising. According to the specified procedure,
the quotients cp ¢, (1)/cg ¢n(7) Of smoothed drift-control data for gases A and B are examined for significant departure from
the quotient Cp, ref/‘B of Of reference data for these gases. An equivalent test is to compare the smoothed recoveries
casm(®earer aNd cg (g o for significant differences. Using the regression equations obtained previously, the
difference’ dpg(t) = [(cA S‘m(t)/c,,\ ref) — (g sm(?)/cp ref)] Of recoveries at time ¢ is given by

dp g(f) = 0,007 97 - 8,183 x 1075t — 1)

Table 2 records values of this difference at specified times ¢, and the standard uncertainty of these values.

Table 2— Differences of smoothed recovery data

) Oh 10 h 20 h 30 h 40 h 50 h 60 h 70\h 80 h

dp g(?) 0,0080 | 0,0072 | 0,0063 | 0,0065 | 0,0047 | 0,0039 | 0,0031 (,0,0022 ||0,0014

uldp g(0)] 0,0127 | 0,0115 | 0,0105 | 0,0098 | 0,0095 | 0,0097 | 0,010% ' 0,0113 ||0,0126

The (ptandard) uncertainty of the differences d g() is obtained by uncertainty propagation from the unceftainties of the
calculated data cp o (1), cg ¢m(f) and the uncertainties of the reference data Ca ref. C ref- DU to the fact thatthe recoveries
are clpse to unity, relative Uncertainties may be used instead of absolute uncertainties, yielding

lz[dA,B(t)] ~ urz[cA,sm(t)] + urz(cA,ref) + urz[cB,sm(t)] + urz(cB,ref)

Here i [ca ¢m(0)] and u[cg ¢, (#)] are obtained from the confidence interval for the regression line (where, depending on the
software used, division by a default factor may be necessafy), while u(cp ) and u(cg ) are obtgined from the
specification of the drift-control gases.

Examjning the data in Table 2, no significant differences\(iZ e. d > 2u[d]) between smoothed recoveries for gases A and B
are encountered. Therefore the experimental recovery data Q,(t,) = cA(t )en rer @Nd Og(t) = cglt; )/cB ref @re ppoled, and the
combined time series is smoothed by ordinary least:squares regression, yielding a linear equation for a mean recovery
factor] O(¢) as follows.

Q(t) = 0,993 2 — 4,037 x 1074(¢ — ¢,)

This gquation would then be used to6 correct measurements on other samples carried out in the course of the measuring
camppign.

The relative standard ungertainty of the corrected result is determined by
? () =u? [s] +u?[0(1)] (8)

In this uncertainty budget, the first term is obtained from the uncertainty budget of the analytical procedure.
The pecaond-term is estimated from the residual scattering of the pooled quotients used to determine the
recovery factor QO(¢). In addition, the uncertainty contributions of the drift measurements and the cpmposition of
the driff-correction mixtures are included if significant

If the recovery is approximately the same for different analytes, then a joint recovery factor may be derived for
a group of such analytes from pooled time series.
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5 Bias related to effects of sample composition

5.1 Principle

5.1.1 Basics

This clause specifies methods and protocols for investigation and handling of the bias of an analytical
procedure due to effects of sample composition, within a specified measuring range. Throughout this clause, it
is assumed that the measuring system under investigation is stable. Where appropriate, it should be
confirmed that this is the case. The measuring range normally includes variations in the concentration of the
analyte und i i iati i i iti i i the
investigation| of bias as a function of analyte concentration. Bias investigation and handling may<include
effects due fo within-specification variations in matrix composition. If matrix interferences are (signifjcant,
corrections derived from the bias study data include averaged matrix contributions, and the unceftainty dn the
corrections includes contributions associated with the spread of biases due to these interferences. Pringiples
for systematic investigation of matrix interferences are considered in Clause 6.

This clause |is applicable for absolute methods, i.e. analytical methods where analyte concentratipn is
determined {lirectly, or where the relationship between measured response and analyte concentration is
known. It is @lso applicable for comparison methods, i.e. analytical methods where the relationship between
measured rgsponse and analyte concentration is determined empirically by, calibration. If this calibratfon is
performed ag¢cording to 1SO 6143 [7], and if the analytical procedure is used‘strictly within specification| then
no bias inveptigation is necessary as long as the analytical system is Stable. However, if the calibratfon is
performed by a less rigorous procedure (e.g. single-level calibration), otif a procedure calibrated accord|ng to
ISO 6143 ["l}js used out of its original specification (range of analyt&.concentration, matrix composition)| bias
shall be invegtigated, and accounted for if significant.

Two differen{ cases are considered:
a) Case A {— Intra-laboratory assessment of a fully developed uncertainty budget

An analytical procedure is investigated for'bias as a final step after an exhaustive evaluatipn of
measurgment uncertainty. The aim of this_investigation is to test the assumption that the uncertainty
evaluatipn has properly accounted for .all relevant random and systematic effects impacting the
measurgment result.

b) Case B 1+ Estimation of measurement uncertainty from intra-laboratory validation data

An analytical procedure is-investigated for bias in addition to, or jointly with a precision study. The gim of
these inyestigations is<t0)0btain an estimate of measurement uncertainty by combination of biag and
precisiof estimates.

5.1.2 Main|steps involved in investigation and handling of bias

Potential biasCis investigated by comparing results obtained on “known samples” with the correspohding
reference values, and by examinng whetherany of the differences encountered-are significant i comparison
with the relevant uncertainty on that difference. If no significant bias (difference) is found, and provided that
the samples are representative for the specified measuring range and the reference values are well
established, then the analytical procedure has thereby been demonstrated to be unbiased. Depending on the
type of bias study, no further action is required in case A (in addition to regular quality control), while in case B
the observed bias and its associated uncertainty are included in the estimation of measurement uncertainty.

If significant bias is found, this requires corrective action. Depending on whether the bias is judged to be
technically serious or acceptable, different actions are applicable.

For the purpose of this International Standard, actions on bias are recommended as shown in Table 3:

10 © IS0 2005 — All rights reserved


https://standardsiso.com/api/?name=eaa858c590b6f1b48a96bf1ad746c4ac

ISO 15796:2005(E)

Table 3 — Recommended actions on bias

Bias Case A Case B

Serious bias Examine and amend the analytical procedure | Examine and amend the analytical

to remove/reduce bias; or to remove/reduce bias.

examine and amend the uncertainty budget for
missing or underestimated uncertainty
components.

procedure

Acceptable bias Apply a correction for bias in the data Apply a correction for bias in the data

evaluation procedure; or evaluation procedure; or

include an allowance for uncorrected bias in include an allowance for uncorrect
the uncertainty estimation. the uncertainty estimation.

d bias in

Insignificant bias | (no action) Include an allowance for uncorrect]

the uncertainty estimation:

ed bias in

Criteria for the assessment of bias (significant/insignificant and serious/acceptable) and procedur

are specified in subsequent clauses.

5.2 dpals with local bias handling using a single reference sample, with separate subclauses for G

and

ranges, using several reference samples, is addresséd'in 5.3.

By why of the procedures specified in this clause, the measurement uncertainty for an analytical
made traceable to the reference values, including uncertainties, attributed to the reference s3
often|calibration gas mixtures). To this end\it’is important to ensure that

Normally bias investigations are repeated on a regular basis. If this is the case, then it is importar
the dpta from thé eurrent investigation with those from previous ones. If the data are compatible,
poolgd to imprfeye the statistical basis of the estimates concerned (i.e. average deviations, avera

and

¢orrecting for bias and accounting for the uncertainty associated with-a bias estimate,

including an allowance for uncorrected bias in the uncertainty estimation,

g¢ase B (5.2.2), or several matrix-varied reference.samples (5.2.3). Bias handling for extende

the reference values and their.uncertainties are well established,

the reference samples are.répresentative for the range of samples to be analysed,

e variability of measuring conditions in the bias study covers the variability in the intended 3

s for:

ase A (5.2.1)
d measuring

procedure is
mples (most

pplications.

t to compare
they may be

e recoveries

lated.standard deviations). If they are not compatible, then useful information may be obtgined from an

invegtigation of the discrepancies. Corrective actions on observed bias should not be “piled”,
considerably complicate the data evaluation. Therefore, repeated bias investigations should alwgys utilise the
same measurement procedure, without any corrections or uncertainty allowances derived from previous
investigations.

5.2

s this would

Local bias handling

5.2.1 Single reference sample — Case A

5.21.1 General

This subclause refers to the case where an analytical procedure is investigated for bias as a final step after an
exhaustive evaluation of measurement uncertainty. The aim of this investigation is to test the assumption that

© 1SO 2005 - All rights reserved
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the uncertainty evaluation has properly accounted for all relevant random and systematic effects impacting the
results.

For a local investigation of potential bias of a candidate analytical procedure, the procedure is applied to a
reference sample, selected to represent the specified measuring range, and the results from (a minimum of
n = 6) repeated measurements, obtained under appropriate “within-laboratory reproducibility conditions” (see
ISO 5725-3 [8]) are compared with the reference value attributed to the reference sample. Alternatively, the
candidate procedure and a reference procedure may be applied in parallel to an appropriate sample, and the
results of the candidate procedure compared with those of the reference procedure.

The conclusions drawn from this comparison are only valid if it can be taken for granted that the results
obtained on thereference-sampteare-vatid-for-theentiremeasuringrangethatis;forthe-variety of sampjes to
be analysed|in the future. If this is not the case, there are two possibilities as follows: Either the méaguring
range has to be restricted accordingly, or a 2-level or a multi-level procedure has to be used (se€'5:2.3 and
5.3).
In the description of the procedure, the following symbols, relating to the reference sample; are used:

Xrof the reference value of the measured quantity;

u(xsf) the sfandard uncertainty of the reference value;

Xops  the result of a measurement using the candidate procedure (n replicates);
u(xops) the sfandard uncertainty of a measurement result xg;

(xops) the npean value of a series of » replicates x;

Sops  the sfandard deviation of a series of n replicates x .

5.21.2 Step 1 — Checking precision

As a first stgp in assessing the results obtained on the reference sample, the standard deviation s}, is
examined fof compliance with the uncertainty estimate u(x,s). Evidently s,,o only accounts for that part pf the
measuremer|t uncertainty u(x,,s) whieh-is due to variations in influence quantities taking place beftween
replicate mgasurements. Assessment”of s,,c therefore requires a decomposition of the measurgment
uncertainty for x,,¢ as follows:

le(xobs ) :“cz;,var(xobs)"'ug,inv (xobs) 9)

where

X

uc,var( obs).

is'the combined standard uncertainty accounting for all influence quantities which are
effectively varied between replications;

Uginv(*ops) IS the combined standard uncertainty accounting for all influence quantities which are
effectively invariant under replication conditions.

Given the decomposition of u(x,y,s), compliance requires that sgpe ~ g \ar(*ops), @nd an F-test [most often with
infinite degrees of freedom for u, 5 (xops)] May be made to formalise this.

To this end, the uncertainty component ”c,var(xobs) may be either estimated from the uncertainty budget or
taken directly from appropriate quality control data: the intermediate-precision standard deviation s obtained
from monitoring the within-laboratory reproducibility of the procedure (see 1ISO 5725-3 [8]), e.g. taken from a
control chart.
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NOTE Given a valid uncertainty budget, the measurement uncertainty estimate u(x,,;) encompasses the
intermediate-precision standard deviation, i.e. s|g < u(xyp)-

5.2.1.3 Step 2 — Testing significance of observed bias

Next, given a positive result for the check on s, the deviations &= x,,q —xs Obtained by replicate
measurements on the reference sample are examined. An individual deviation is rated significant if it exceeds
the expanded uncertainty U(5) of that difference. Utilizing U = k x u with k£ = 2 (for a confidence level of about
95 %) and calculating u(5) according to u2(5) = u?(xyp) + u%(x,ef), @n individual deviation is insignificant if
|8] < 2u(9), and significant if |5| > 2u(6). Accordingly, if all individual deviations are insignificant, the overall bias

is rated |n3|gn|f|cant If S|gn|f|cant dewahons are found the overall blas |s rated S|gn|f|cant In cases of weak

v inal decision
conc=rn|ng S|gn|f|cance of blas may be made by examlnlng the averag deviation
(0) =[Xobs — Xref? = (Xobs) — Xref fOr significant departure from zero, i.e. as to whether_ {(&) >[2u((5)). The
standard uncertainty u((5)) required for this test is calculated according to u2((3))=u?((xops)) *+ U2(xref)-

Estin
corre

NOTH
For th
calcu
freed

NOTH
testeq

EXAM
0,5m
conte
mixtu

ation of the standard uncertainty u((x,,s)) needed for this purpose requires particular atte
ations which have to be taken into account, see Annex B.

1  The test criterion makes use of a coverage factor of k = 2, aiming at a significance level of appro
is purpose, use of Student’s factor ¢ is common. However, replacement of the factor 2 by Student
us of effective degrees of freedom specified in the GUM [3], would require“a proper estimate of t
m for individual deviations ¢ or average deviations (5) which are difficult tolobtain.

2 Instead of testing deviations &= x,,. — x, for significant departure from zero, recoveries Q = A
for significant departure from unity. These two tests are essentially equivalent.

PLE Consider an analytical procedure for measuring;carbon monoxide in nitrogen in a low 1
mol/mol to 5 mmol/mol. Potential bias is investigated using a single reference gas mixture with car
Nt x.or = 1,295 mmol/mol and standard uncertainty u(x) = 0,006 mmol/mol. Ten measurements of the
e are carried out under appropriate (intermediate) reproducibility conditions, yielding carbon monoxig

htion, due to

Kimately 95 %.
‘s t, using the
he degrees of

bs/Xref CaAN be

-3 range, e.g.
bon monoxide
reference gas
e contents (in

mmolfmol) of 1,28; 1,30; 1,24; 1,28; 1,26; 1,24;-X,27; 1,27; 1,30; 1,26. The mean value of these data is
(xops) |7 1,27 mmol/mol, and the standard deviation is(sy,,, = 0,021 mmol/mol.

Precigion monitoring using quality control samples in this range yielded standard deviations of about 2 % rdlative, and the
value|obtained for s, . agrees well with that(estimate.

An ur
inject
as dg
relatiy
effect]

certainty budget for the proceduretis available, including random effects such as variations in the am
bd into the analytical system-and' variations in the instrumental response to the analyte, and systemat
viations of the analyte concentration in the gas mixtures used to calibrate the analyser. This givg
e standard uncertainty-of 2,4 %, with 2,1 % attributed to effects considered random, and another 1,2
5 considered systematic/ at the specified intermediate-reproducibility conditions. The value obtained f

estimate of 2 % for the intérmediate-precision standard deviation agree well with the estimate of 2,1 % for u

The lgrgest deviation® of the measured data from the reference value is

uncer
Thus

S,

max

ainty associated with this difference is 2 x [(0,024 x 1,27)2 + 0,36 x 1074]"2=2x 3,0 x 102 =
he observed difference is just below the critical value for significance.

— 0,055 mmol/mol, while
0,06 (u

The

unt of sample
c effects such
s a combined
% attributed to
br 5., and the

,var(xobs)'

the expanded
upit: mmol/mol).

herdage deviation of the measured data from the reference value is (5) = X=X = = 0.025 mmal/m

pl. Utilizing the

uncertainty estimate for a mean value in Annex B, the expanded uncertainty associated with this deviation is obtained as
2 % [(0,021 x 1,27)2/10 + (0,012 x 1,27)2 + 0,36 x 1041]1/2 =2 x 1,8 x 1072 = 0,036 mmol/mol. Thus the observed average
deviation is insignificant, too.

In summary, no significant bias was observed, and this finding confirms the assumption that the analytical procedure and
uncertainty budget provide correct results with a valid uncertainty. Therefore no further action is necessary in addition to
regular quality control.

Examples for the application of a bias correction including the estimation of correction uncertainty, and for bias
handling without correction, are given in 5.2.2.
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5.21.4 Step 3 — Actions on bias

5.2.1.41 General

If no significant bias was observed, this finding confirms the assumption that the analytical procedure and
uncertainty budget provide correct results with a valid uncertainty. Therefore no further action is necessary in
addition to regular quality control.

If significant bias was observed, the next step is to decide whether the bias is technically serious or still
acceptable.

a) Serious[deviations indicate serious deficiencies of the analytical procedure or of the uncertainty bydget,
necessitating thorough review and amendment. The criterion for that is a matter of expert judgement,
based ¢n fithess-for-purpose considerations (e.g. concerning the target uncertainty) and) previous
experier|ce with the method. In addition, the ratio (5)/u(x,s) should be in a reasonable rangg.

Recommended actions are to

— examine and amend the analytical procedure to remove/reduce bias, or

—

— examine and amend the uncertainty budget for missing or underestimated uncertainty components.

b) Acceptable deviations fall within the range expected by expert™judgement. As a consequgnce,
amendment of the analytical procedure is not necessary, but the ebserved bias shall be accounted [for in
the datalevaluation procedure.

Recommended actions are to
— apply a correction for bias in the data evaluation procedure, or

— include an allowance for uncorrected bias in_the uncertainty budget.

In case of dpubt as to whether the available data and other relevant information enable a technically Jound
correction, an allowance for bias in the uncertainty estimation is recommended.

5.21.4.2 $tep 3a — Correction for bhias

The 1-level gorrection, as described in this clause, is only admissible if it can be taken for granted that gither
the absolute| errors of measurement, or the relative errors of measurement, are constant over the entire
measuring rgnge under consideration.

For a clear distinctiondfrom the symbols for values referring to the reference sample, the symbol y is us¢d for
values referrjng to_the'subsequent analysis of test samples.

In the case ¢fteconstant absolute errors, significant bias is corrected by subtracting the average deviatign (o)
determined inthe bias study from the raw resull y,,q.5¢ Of @ measurement on a test sample according 1o

Yeorr :ymeas_<5> (10)

In the case of constant relative errors, significant bias is corrected by way of dividing the raw result y ,o,5 Of a
measurement on a test sample through the average recovery (Q) determined in the bias study according to

ycorr:quTe;dS (11)

where the average recovery is given by (Q) = (xgpe)/Xyef-
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The correction can be carried out either by adjustment of the measuring system, referring to the zero point or
to the sensitivity, respectively, or by recalculation.

The standard uncertainty of the final measurement result after bias correction, y.,, is calculated from the
uncertainty of the uncorrected measurement result, y,,.,s, and the uncertainty of the correction, according to
the rules of uncertainty propagation, as described in the GUM [31.

For correction using an average deviation, the standard uncertainty of corrected measurement results is
determined by

uz(J’corr):”2(J’meas)"‘”z(<xobs>)_2”()’meas’<xobs>)+”2(xref) (12)
wherg
YV meas) standard uncertainty of the measurement result y, ., Obtained\on a test sample, as

calculated from the uncertainty budget;

#((Xops?) standard uncertainty of the mean value x4 of the results obtained on the reference
sample;

¥V meas' ops)) COvariance between y,,q.¢ and (xgpe);

#(Xref) standard uncertainty of the reference value x g attributed to the reference sgmple.

NOTH 1 The covariance term arises because y,,.,c and (x,,,) are.determined using the same measurenjent procedure

and thus share common uncertainty sources.

obs

Most| often, neither the standard uncertainty u({(xgps)) nor the covariance u(yyeas: (Xops)) W|Il be readily
accessible from the uncertainty budget of the analytical procedure, and rigorous estimation will ngt be feasible.
Thergfore, in this International Standard, approXimations using the intermediate-precision standprd deviation
SR e used, with details given in Annex,B."Utilizing these approximations, the standard uncertainty of
analyttical results corrected by an average deviation is obtained as follows:

n+1
s|2R +u2(xref) (13)

2 (ycorr) =

For gorrection using an avenage recovery, an analogous equation applies, with the standard juncertainties
u(Veotr): ulxef) and theintermediate-precision standard deviation sz replaced by relative standard
unceftainties and the refative standard deviation.

NOTE 2  Remarkably, the uncertainty u(y,,,) of a measurement result corrected for significant biasl as given by
Equation (13), will‘often be smaller than the original uncertainty u(y,.,s), Which is retained if no significant bias was
observed. This~gain is due to the compensation between uncertainty components common to u(yq.d) and u(xyys),
accoynting for-compensation of systematic effects shared by analyses of test sample and reference sample|, an effect that
may ¢altfor a second thought about whether to restrict bias correction to cases where significant bias was found. Re-
considering this issiie bias carrection could be conceived as a madification of the original pracedurel whereby the
measurements are made relative to a standard in order to eliminate bias and/or uncertainty components related to
systematic effects. Adopting this view, testing for significance of bias is obsolete, and bias correction would be carried out
in any case, significant or not. For this purpose, however, one would rather prefer a design involving replicate analyses of
both, the test sample and the reference sample. The most simple design would be an alternating sequence yielding
¥ = Umeas — *meas’ T Xrer ASSUMINg perfect cancellation of (constant additive) bias, the standard uncertainty of y could be
estimated by the root sum of squares of the standard deviation of the differences y,.,c —*meas @nd the standard
uncertainty of x.o. Uncertainty estimation based on a comprehensive uncertainty budget, properly addressing correlation
of measurements, should give an equivalent result.

5.21.4.3 Step 3b — Bias handling without correction

In practice it may happen that significant bias is found on the reference sample, but the data are not sufficient
for deriving a sound correction. For example, it may be doubtful whether a single-level correction, based on
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measurements of a single reference sample, is applicable to the entire measuring range or, if so, whether
correction utilising an average deviation or correction utilising an average recovery is more appropriate. Then
additional reference samples should be investigated in order to characterise the bias to an appropriate degree.
If this is not possible or not practical, no correction is performed. Instead, an allowance is made in the
uncertainty estimation to account for the observed bias.

Currently a range of different approaches to account for uncorrected bias has been proposed, and a generally
accepted procedure has not yet emerged; see Annex B for an overview. In this International Standard, the

approach by Lira and Woeger [¥l is adopted:

If, in case of significant bias, another estimate y.. is used for the measurand instead of the corrected

4 1+ +lo 4l 4 <l <} 4 4 H N | HN H alat H <l o
measuremerjrrestit y o, thefrthe Stanaarauficertatfity associateta Wit yggy 1S aeternmniea oy

uz(yest):“2()’corr)+(ycorr_yest)z (14)

In the devigtion mode, if significant bias was found, but no correction (by (o)) is applied to thg raw
measuremer|t result y,q,s, then yeq is obtained from y,, .. by subtracting zero.

Yest = Ymeas (15)

The standarg uncertainty associated with this estimate is determined by

2 2 2
u (J’est):u (J’corr)+<5> (16)
In the recovgry mode, an analogous equation applies, involving relative instead of absolute quantities.

Often the usp of a constant absolute uncertainty allowance5)2 or a constant relative uncertainty allowance
(0)2, obtainefd on a single reference sample, over extended concentration ranges will be doubtful. Instedd, for
wider concertration ranges, estimation of bias-related.uncertainty should rather be based on the empirical fact
that concenfration dependence of analytical uncertainty is between u = constant and u ~ concentrption.
Therefore a [safe approximation is to use the uncertainty estimate obtained on the reference sample|as a
constant absplute value for y,q4s < (¥ops) @nd as.a constant relative value for y s = (¥ops)- This gives

uz(yest) :“2(J’corr)+<5>2 for ymeas <<{(*ops) (17)
and
2
”z(yest) :{MJ [MZ(J’Corr)+<5>2J for ymeas = (Xobs) (18)
<Xobs>

5.2.2 SingTe reference sample — Case B

5.2.2.1 General

This subclause refers to the case where an analytical procedure is investigated for bias in addition to, or jointly
with a precision study. The aim of these investigations is to obtain an estimate of measurement uncertainty by
combination of bias and precision estimates.

For a local investigation of potential bias of a candidate analytical procedure, the procedure is applied to a
reference sample, selected to represent the specified measuring range, and the results from (a minimum of
n = 6) repeated measurements, obtained under appropriate “within-laboratory reproducibility conditions” (see
ISO 5725-3 [8]) are compared with the reference value attributed to the reference sample. Alternatively, the
candidate procedure and a reference procedure may be applied in parallel to an appropriate sample, and the
results of the candidate procedure compared with those of the reference procedure.
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The conclusions drawn from this comparison are only valid if it can be taken for granted that the results
obtained on the reference sample are valid for the entire measuring range, that is, for the variety of samples to
be analysed in the future. If this is not the case, there are two possibilities, as follows: either the measuring
range shall be restricted accordingly, or a 2-level or a multi-level procedure shall be used (see 5.2.3 and 5.3).

In the description of the procedure, the following symbols, relating to the reference sample, are used:

Xref

u(Xrgf)

Xobs

(Yobs

Sobs

5.2.2

In cg
carrie
devig
be o
chart
comg

5.2.2

Given a positive result in the check on s, the-average deviation (5) = (x,pg — Xrep) = (Xobs) — *re
as to
whet

a)

b)

NOTE 1

the reference value of the measured quantity;

the standard uncertainty of the reference value;

the result of a measurement using the candidate procedure (n replicates);
the mean value of a series of » replicates x;

the standard deviation of a series of n replicates x.

2  Step 1 — Checking precision

nstructing an estimate of measurement uncertainty using data from precision and bias i
d out within a laboratory, the first step should be an estimation” of the intermediate-precig
tion s\, referring to appropriate within-laboratory reproducibility’ conditions, see ISO 5725-!
ptained from replicate analyses of selected test samples;as*a standard deviation taken fi
or as a pooled standard deviation if several test samples' are utilised. Given that, s, is
liance with s, i. €. whether s, < s\ (at least sy, should not be significantly larger than s|g

3  Step 2 — Assessing observed bias

whether this deviation is technically .serious or acceptable, and (in case of an acceptal
her this deviation is statistically significant or not.

Ieerious deviations indicate serious deficiencies of the analytical procedure, necessitat
view and amendment of the ‘protocol and equipment. The criterion for that is a mat
judgement, based on fitness-for-purpose considerations (e.g. concerning the target unc]
previous experience with the method. In addition, the ratio (5)/s|g should be in a reasonable

\cceptable deviations fall within the range expected by expert judgement. As a G
amendment of the measurement procedure is not necessary, but a correction for bias or an
bias in the uneertainty estimation has to be made. In case of doubt as to whether the availg
other relevarit information enable a technically sound correction, an allowance for bias in th
¢stimation.is recommended.

nvestigations
ion standard
[8l. This will
pm a control
bxamined for

).

is examined
le deviation)

ng thorough
er of expert
ertainty) and
ange.

onsequence,
bllowance for
ble data and
e uncertainty

nt from zero,

according to u2((5)) = sqps2/n + u? denotes the n of replicate measure

X
( ref)7
reference sample. For insignificant deviations bias correction does not make much sense

allowance for bias in the uncertainty estimation is recommended.

s calculated
ments of the
. Instead, an

The test criterion makes use of a coverage factor of k£ = 2, aiming at a significance level of approximately 95 %.

For this purpose, use of Student’s factor ¢ is common. However, replacement of the factor 2 by Student’s ¢, using the
calculus of effective degrees of freedom specified in the GUM, would require a proper estimate of the degrees of freedom
for an average deviation (&) which is difficult to obtain.

NOTE 2

Instead of testing deviations &= x, — x,; for significant departure from zero, recoveries Q = x

tested for significant departure from unity. These two tests are essentially equivalent.
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EXAMPLE

Xref =

Consider an analytical procedure for measuring carbon monoxide (CO) in nitrogen in a low 103 range,
e.g. 0,5 mmol/mol to 5 mmol/mol. Potential bias is investigated using a single reference gas mixture with CO content

= 1,295 mmol/mol and standard uncertainty u(x,;) = 0,006 mmol/mol. Ten measurements of the reference gas mixture

are carried out under appropriate (intermediate) reproducibility conditions, yielding CO contents (in mmol/mol) of 1,28;

1,30; 1,24; 1,28; 1,26; 1,24; 1,27; 1,27; 1,30; 1,26. The mean value of these data is (Xops) =
standard deviation is s

=0,021 mmol/mol.

1,27 mmol/mol, and the

Precision monitoring using quality control samples in this range yielded standard deviations of about 2 % relative, and the

value obtained for s

The average deV|at|on of the measured data from the reference value is (§) =

expanded un
mmol/mol). T

5224 S

5.2.2.41

The 1-level d
the absolute]
measuring rg

For a clear d
values referr

obs adrees well with that estimate.

(Xops) — ¥ref = — 0,025 mmol/mol, whi
ith this difference is 2 x [(0.45 x 10=4) + (0.36 x 10012 =2 « 09 x 102 = 0.01

le the
(unit:

us the observed difference is significant, i.e. a significant, but certainly still acceptable, bias is diagnosg
p 3 — Actions on bias

tep 3a — Correction for bias
orrection, as described in this clause, is only admissible if it can be taken/for granted that

errors of measurement, or the relative errors of measurement, are-constant over the
nge under consideration.

ng to the subsequent analysis of test samples.

ed.

bither
entire

istinction from the symbols for values referring to the reference /sample, the symbol y is us¢d for

In the case ¢f constant absolute errors, significant bias is corrected by subtracting the average deviatign (o)
determined ip the bias study from the raw result y,,,.,5 Of @ meastirement on a test sample according to
Yecorr = | meas_<§> (19)
In the case qf constant relative errors, significant bias-is corrected by way of dividing the raw result y,o.k of a
measuremerjt on a test sample through the average‘recovery (Q) determined in the bias study according fto
Yeorr = '?QL;S (20)
where the average recovery is given-by (O) = (xgpe)/Xref-
The correctign can be carriéd jout either by adjustment of the measuring system, referring to the zero pqint or

to the sensiti

The standar
uncertainty g
the rules of U

vity respectively; or by re-calculation.

f the uncorrected measurement result, y,.,, and the uncertainty of the correction, accord
ncertainty propagation, as described in the GUM [3],

I uncertainty of the final measurement result after bias correction, y.,,, is calculated from the

ng to

For correction using an average deviation, the standard uncertainty of corrected measurement results is
determined by

le(ycorr) =

2

Sobs
sf +-0obs.

. +u2(xref)

52(J’meas)"'sz(<x0b3>)+“2(xref)

(21)

In Equation (21), the intermediate-precision standard deviation is used to estimate the precision of y o4 If
Vmeas IS the mean value of m replicate measurement results, the term sg2 has to be replaced by sg2/m.
Moreover, 5., may be replaced by s to obtain a more robust estimate.

NOTE 1 In 5.2.1 the estimation of correction uncertainty includes a covariance term u(y,qa6:(Xops)) t0 account for
correlations due to common systematic effects on measurements of a test sample and measurements of the reference
sample. This is not the case here, because such effects are not included in the precision estimates used in Equation (21).
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NOTE 2  Remarkably, the uncertainty estimate according to Equation (21) coincides with the case-A estimate for the
uncertainty of corrected measurement results that was derived starting from a comprehensive uncertainty budget, see
5.2.1, Equation (13).

For correction using an average recovery, an analogous equation applies, with the standard uncertainties
u(Veorr) Ulxer) and the intermediate-precision standard deviation sg replaced by relative standard
uncertainties and the relative standard deviation.

EXAMPLE Continuing the example in Step 2, the decision then is taken whether the available data, obtained with a
single reference gas mixture, is sufficient for deriving a correction, and if so, whether the deviation mode or the recovery

mode

is appropriate.

If the
decis

The
u(yCOI'

expre
the va

If biag
is givg

ul'(yCO

In thig
of s

NOTH
corre

Analg
stand

5.2.2

As a
meas

In ca

decision is in favour of the deviation mode, then the correction is given by y_ .. = ¥ eas + 0,025 (mn
on is in favour of the recovery mode, then the correction is given by y... = ¥164/0,98 (mmol/mol).
incertainty budget for measurement results including a bias correction in the deviation” modd
) = [5?(Vmeas) + 42(%er) + sobszln]”2 = [5?(Veas) * 0,36 x 1074 + 0,45 x 10742 = [52(V1eas) F'0:81 x 107
BSION, s(Vmeas) 18 the standard uncertainty of the uncorrected measurement result, expressed in mmg
lue of 55 = 2 % relative, u(ygo,) = [(0,02 X yea6)® + 0,81 x 1074112,

bn in terms of relative standard deviations and uncertainties as:

) = [Srz(ymeas) + ”rz(xref) ts obSZ/”]1/2 = [Srz(ymeas) +0,21 x 107 + 0,28 10_4]1/2 = [Srz(ymeas) +0,49 x

expression, s,(Vmeas)

= 2 % relative, u,(y.o,)

is the relative standard uncertainty of the\uncorrected measurement result. Util
=[4,0 x 1074+ 0,49 x 107412 =21 %.

3 If the same correction is applied to independent *measurement results, the final results
tion are correlated. For correction using an average deviation (J) the corresponding covariance is gi
gously, for correction using an average recovery.{Q) the corresponding covariance term is given
ard uncertainty ,2((0)).

4.2 Step 3b — Bias handling without correction

urement result, but an allowance for bias is made in the uncertainty estimation.

availgble data are not sufficient for deriving a sound correction and further investigations to sup

data

meas
corre
in pr
apprd
madq

bre impossible ordmpractical. For example, it may be doubtful whether a single-level correcti
urements of adsingle reference sample, is applicable to the entire analytical range, or if

ction utilising‘anaverage deviation or correction utilising an average recovery is more apprg
nciple, additional reference samples should be investigated in order to characterise th
priate degree. If this is not possible or not practical, no correction is performed. Instead, an
in theruncertainty estimation to account for the observed bias.

An a

nol/mol). If the

is given by
M2, In  this
I/mol. Utilizing

correction is carried out in the recovery mode, then the uncertainty budget fof-measurement results after correction

10—4]1/2.
zing the value
ncluding bias

en by u2((5)).
by the relative

h alternative, applicable to acceptable bias (significant or not), no correction is applied to the raw

e of significant bias found on the reference sample, this action is preferred over bias cofrection if the

bly additional
pn, based on
so, whether
priate. Then,
b bias to an
allowance is

lowancefor bias-in-the-uncertainty estimation-is—also-made-incase—of insignificant bias

found on the

reference sample, to account for the empirical fact that within-laboratory estimates of precision almost always
fail to cover the variability of analytical results obtained in collaborative studies, and therefore laboratory bias
has to be included.

For this purpose, the procedure proposed by Lira and Woeger [¥ introduced in 5.2.1 is recommended. Putting
this approach into equations gives

Yest = Vmeas (22)
2
2 2 .S 2 2
u (J’est):SIR +20bs 4y (xref)+<5> (23)
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where the symbol y.; is used for an estimate of the measurand (the concentration of the target analyte),
taking into account results of bias investigation by other means than bias correction.

According to this procedure, instead of applying a correction for the observed bias, (5), the bias is added in
quadrature to the standard uncertainty that would be obtained when applying the correction. In the uncertainty
budget, according to Equation (23), s, may be replaced by s to obtain a more robust estimate.

Equation (23) is valid only for analyte concentrations near to those of the reference sample, where it can be
taken for granted that the absolute error of analysis on the test sample is about the same as on the reference
sample. Otherwise an analogue, designed for a concentration range with constant relative errors of analysis,
could be used where appropriate.

olute
5, will
er be
stant
h the
e for

However, rjost often a constant absolute uncertainty allowance (5)2 or a constant relative -abs
uncertainty gllowance (Q)2, obtained on a single reference sample, over extended concentration rahge
be doubtful. Instead, for wider concentration ranges, estimation of bias-related uncertainty should rath
based on th¢ empirical fact that concentration dependence of analytical uncertainty is between u = cor
and u ~ congentration. Therefore a safe approximation is to use the uncertainty estimate, obtained o
reference sgmple as a constant absolute value for y, e, <(xops) @and as a constant-relative valy

Ymeas = (Xopd)- This gives

2
_ Sobs
)= siR +=0%

e

(24) and (25), s,ps May be replaced by s,z o obtain a more robust estimate.

2

iR+ (24)

uz(yest +”2(xref)+<5>2 for ymeas <{*ops)

and

2
Ymeas Sobs

<xobs>

u? (J’est +u? (xref)+<5>2 for ymeas = (*obs) (25)

In Equations

ained
mples

EXAMPLE Continuing the example in Step 2 and:Step 3 a, consider the case where the available data, ob
with a single reference gas mixture, are not found sufficient for deriving a correction. Then additional reference sa

should be iny
estimation to 3

Using the dev

bstigated, but if this is not possible .or not practical, an additional allowance is made in the unce
ccount for the observed (significant) bias instead of a correction.

ation mode, where y_ is-obtained from y_ ... by subtracting zero, the standard uncertainty of the es

rtainty

imate

UWVest) = 52 Vmeas) + 42(() + (A2 = [s%(Veqs) + 0,81 x 1074 + 6,25 x 10742 = [s2(x 00 0) + 7,1 x 10
5ioN, s(x,04¢) IS the-stanidard uncertainty of the uncorrected measurement result, expressed in mm
lue of 5,5 = 2 % retative, u(yyg) = [(0,02 x yas)? + 7,1 x 1074172,

Vest IS given b 4712,
In this expres

Utilizing the v

I/mol.

For a safe estimate of unceftainty over the entire measuring range, the uncertainty estimate obtained using the deyiation

mode may and

u(yest) = (ymea

be extrapolated as follows:  u(yog) = [(0,02 X yens)® + 7,1 x 1074112 for y, ..o < 1,27 mmol/mo
/1,27) % [(0,02 X y006)? + 7,1 x 10742 for . o.s = 1,27 mmol/mol.

NOTE As a notable difference concerning the handling of insignificant bias, in this procedure an allowance for
insignificant bias is made, while in 5.2.1 no such action is recommended. This is due to the difference in starting positions
and objectives. In the case considered in 5.2.1, a measurement procedure is investigated for potential residual bias as a
final step after an exhaustive evaluation of measurement uncertainty. If this investigation does not reveal any significant
bias, this confirms the expectation that method development and uncertainty evaluation have properly addressed all
relevant systematic effects impacting the measurement result, and no further action is required. In the case considered in
5.2.2, the objective is to construct an estimate of measurement uncertainty using data from precision and bias
investigations carried out within a laboratory. Based on experiences from collaborative studies, which have demonstrated
the importance to account for laboratory bias, here the expectation is that bias estimates provide a major contribution
irrespective of whether the observed deviations are significant or not. Also it should be noted that here significance of
deviations is defined differently from 5.2.1, accounting only for the random variability in the bias investigation. For these
reasons, an allowance for bias in the uncertainty estimation appears to be reasonable also in cases of insignificant
deviations.
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5.2.3 Matrix-varied reference samples

5.2.3.1 General

For investigation and handling of bias within a narrow range of analyte concentration, often a 1-level study will
be sufficient in principle. However, if matrix interferences are relevant, two or more reference gas mixtures
varying in matrix composition shall be used. This clause specifies procedures for deriving an average bias
correction, for estimating the uncertainty associated with this correction, and for making an allowance for
uncorrected bias in the uncertainty budget, using two reference samples of similar analyte concentration but
different matrix composition. The procedures are designed for a case-B investigation (see 5.1). However,
analogous considerations apply to case-A investigations.

The pymbols and units used in the description of the 2-level procedure are the same @s-ip 5.2.2, with
additjonal indices 1 and 2 denoting quantities referring to two reference samples R and R, respégctively.

For g clear distinction from the symbols for values referring to the reference samples,‘the symbol y is used for
valugs referring to the subsequent analysis of test samples.

5.2.3|12 Procedure a) — Correction for bias

In thé case of constant absolute errors significant bias is corrected by subtracting the mean|value of the
avergge deviations () and (&,) determined in the bias study from thetaw result y .5 Of @ measpirement on a
test gample according to

o o
corr = Ymeas _% (26)

In thg case of constant relative errors significant bias;is corrected by way of dividing the raw resplt y,,.,5 Of a
meagurement on a test sample through the mean-value of the average recoveries (Q4) and (Q,) determined in
the blas study according to

2ymeas 27
(01)+(02) @0

corr =

For cprrection using deviations;-the standard uncertainty of corrected measurement results is estimated by

2(ycorr):SZ(ymeas)+{<§1>_<§2>J N u?(51)+u?(57) (28)

2 2

The dincertainty"budget according to Equation (28) comprises three components, accounting for fthe precision
of thg raw measurement result .6, the range of observed deviations (5;), (,), and the uncertginty on these
devigtions.

The sin 5.2.2.

meas

For correction using recoveries, an analogous equation applies, with (absolute) standard uncertainties and
deviations replaced by relative ones, and average deviations replaced by average recoveries.

NOTE As an alternative to the uncertainty estimate according to Equation (28), the uncertainty associated with an
average correction could be estimated using one-way Analysis of Variance (ANOVA) on the combined data of deviations
or recoveries obtained on the reference samples.

EXAMPLE Continuing the examples in 5.2.2, a second reference gas mixture with similar analyte content in a
different matrix is measured to obtain a bias correction which includes matrix effects on an average basis. While the first
reference gas mixture (R,) treated in previous examples is CO in pure nitrogen, the second mixture (R,) contains in
additon CO, and propane. The reference data are x1ref= 1,295 mmol/mol, u(x1ref) = 0,006 mmol/mol and
x,"®f = 4,76 mmol/mol, u(x,"") = 0,017 mmol/mol. In addition to ten repeated measurements for mixture R, (see 5.2.1) with
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mean value <x1°bs> = 1,27 mmol/mol and standard deviation s1°b5 = 0,021 mmol/mol, another series of ten measurements
under similar conditions were made on mixture R,, giving a mean value (xzobs) = 4,65 mmol/mol and standard deviation
s2°bs = 0,10 mmol/mol. Considering previous experience with the analytical method in use, the measuring range
0,5 mmol/mol — 5 mmol/mol under consideration is sufficiently narrow as to justify the use of single-level bias correction.

For both these mixtures, the observed bias is significant, and the decision is taken to utilize an average bias correction.
Since the differences (x,°°%) — x,"f = — 0,025 mmol/mol = - 1,9 % (relative) and (x,°°) — x,*" = — 0,11 mmol/mol = -2,4 %
(relative) are rather far apart on an absolute scale but rather similar on a relative scale, the correction will be based on an
average recovery according t0 Y. = Vneas\@). The average recovery is calculated according to
(0) = 5 ((x,°PSyx™ef + (x,008)/x,ef) = ¥4 (1,27/1,295 + 4,65/4,76) = 0,979.

The uncertainty budget for measurement results after correction is given in terms of relative standard uncertainties as

ur(ycorr) = [Srz() meas) + btr’(\Q )]1/7- CU'J)’IIIU thc IGb;'JU fUI thc Ubt;llldt;ull Uf unucl"ta;nty Uf arl CIVUIGHU dUVICltIU I, the
uncertainty of [Q) is estimated as follows:
u(0)) = Ya (P = (Ox)? + Va[u 2((0)) + u (O )]

=Y (¢ 1obs>/x1ref_ <x20bs>/x2ref)2 +1 [ur2(<x1°bs>) + ur2(x1ref) + ur2(<x20bs>) + ur2(x2ref)]

=% (038 x 1072)2 + 14 (0,27 x 1074 + 0,21 x 10 + 0,46 x 1074 + 0,13 x 1074)

=0,57|x 104
This gives a (relative) standard uncertainty for corrected measurements of u,(ysor) = [5,2(Vmead)+-0,57 x 1074112,
Due to the facf that the individual recovery factors are almost the same, these results are(very close to the results obfained
previously with the single reference mixture R, (see the examples in 5.2.2). Apparently in this case matrix interferences
are no major gource of bias and imprecision.
5.2.3.3 Procedure b) — Bias handling without correction
As an alternative, applicable to acceptable bias (significant ‘Or.*not), no correction is applied to thg raw
measuremerjt result, but an allowance for bias is made in the_uhcertainty estimation according to

Yest = Mmeas (29)

) ) 2 (512 +(55)% u?(51)+u?(5,)

u (yest):“ (ycorr)+(ycorr_ymeas) =\ (J’meas)"‘ > + > (30)
where the symbol y.; is used for an_estimate of the measurand (the concentration of the target anglyte),
taking into agcount results of bias investigation by other means than bias correction.

The quantitigs (o), (&), u2(<51>), u2(<52)) and s2(ymeas) are determined according to the procedures in 5.22.
Equation (30} is valid only.fer analyte concentrations near to those of the reference samples, where it can be
taken for granted that the absolute error of analysis on the test sample is about the same as on the refefence
samples. Otherwise_anvanalogue, designed for a concentration range with constant relative errors of anglysis,
could be used wheére appropriate.

However, o tainty

allowance, based on two reference samples with almost the same analyte concentration, over extended
concentration ranges, will be doubtful. Instead, for wider concentration ranges, estimation of bias-related
uncertainty should rather be based on the empirical fact that concentration dependence of analytical
uncertainty is between u = constant and u ~ concentration. Therefore a safe approximation is to use the mean
of the uncertainty estimates obtained on the two reference samples as a constant absolute value for

Ymeas < (Xobs) @Nd as a constant relative value for y,,0as = (Xops)» Where (xobsb
average results obtained on the reference samples, i.e. (x,s) = ((x1°b3> + (x,0

”2 (yest

and

22

SY)/2. This gives

<51>2+<52>2+“2<51>+“2<52>
2 2

):sz(ymeas)+ for ymeas < {*obs’

Y denotes the mean value of the

(31)

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=eaa858c590b6f1b48a96bf1ad746c4ac

The

ISO 15796:2005(E)

51)° +(82)" uP(01)+u?(53)

5 5 for ymeas = (Xobs? (32)

”2(yest):(yrnﬂ}52(ymeas)+<
Xobs

procedures described above may be extended to include more than two reference samples, and could be

based on recoveries instead of deviations.

5.3

Bias handling for an extended measuring range

5.3.1 Design of investigations

For

procgdure is applied to appropriate reference samples R4, R,, ..., R, and the results are compgared with the

refergnce values attributed to the reference samples. Alternatively, the candidate procedure’ an

investigating potential bias of a candidate analytical procedure in an extended measurirF range, the

a reference

procgdure are applied in parallel to appropriate samples and the results of the cahdidate pfocedure are

compared with those of the reference procedure.

The

onclusions drawn from these comparisons are only valid if the samples Ry, R,, ..., R, are re¢presentative

for the specified measuring range of the candidate procedure. If this is not the ease, there are twp possibilities
as follows: either the measuring range shall be restricted accordingly, or the humber of levels (samples) shall

be ingreased.

The

considerations apply to case-A investigations.

For

For
the

5.3.2| CAssessing observed bias

For

rocedures specified in this clause are designed for a case-Brinvestigation (see 5.1). Howevgr, analogous

ch reference sample R; the following data are required.

eference data xifef, u(x,.ref): In the case of reference samples taken from reference gas |mixtures the
eference value and its standard uncertainty are taken from the certificate of mixture compgsition. In the
ase of other samples analysed in parallel(with a reference procedure the reference value is determined
ccording to the specification of the reference procedure, and the standard uncertainty of the reference
alue is determined from the uncertainty budget of the reference procedure.

easured data (xi°b3>, s((x,.ObS)): The result of the candidate procedure and its standard fleviation are
etermined as the mean valde~of an appropriate number of repeated measurements, and jthe standard
eviation of this mean, as-established so far. Most often this standard deviation will be an |ntermediate-
recision standard deviation, referring to specified within-laboratory reproducibility conditions (see
SO 5725-3 [8l). It can‘either be determined directly from the standard deviation of the measurement
eries, or taken fromhavailable precision monitoring data, e.g. a control chart. For a proper statistical basis,
minimum of 64epeated measurements per reference sample are required.

ach reference sample R, the standard deviation s,°°S of the actual measuring series used [to determine
ean value-should be checked for compliance with previously established precision data.

each reference sample R,, the average deviation () = (x2S — x; /) = (x,0bs) — x /¢ is examined as to

whether this deviation is technically serious or acceptable, and in case of an acceptable deviation, whether
this deviation is statistically significant or not.

a)

b)

Serious deviations indicate serious deficiencies of the analytical procedure, necessitating thorough
review and amendment of the protocol and equipment. The criterion for that is a matter of expert
judgement, based on fitness-for-purpose considerations (e. g. concerning the target uncertainty) and
previous experience with the method. In addition, the ratios <é)‘l.>/sl.°bs should be in a reasonable range.

Acceptable deviations fall within the range expected by expert judgement. As a consequence, an
amendment of the measurement procedure is not necessary, but a correction for bias or an allowance for
bias in the uncertainty estimation has to be made. In case of doubt as to whether the available data and
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other relevant information enable a technically sound correction, an allowance for bias in the uncertainty
estimation is recommended.

As a subclass of acceptable deviations, insignificant deviations are not significantly different from zero,
the criterion belng that (0, < 2u((5)). The standard uncertainty required for this test is calculated
according to u2((5)) = s2((x; obs)) + uz(x ref). In this expression the standard deviation of the mean value
(x,208) is given by s((x; °b3>) 5,2051\n;, where 5,20 is the standard deviation of the replicates used to
determlne the mean value and n; is the number of replicates.

NOTE 1  The test criterion makes use of a coverage factor of k = 2, aiming at a significance level of approximately 95 %.
For this purpose, use of Student’s factor ¢ is common. However, replacement of the factor 2 by Student’s ¢, using the
calculus of effective degrees of freedom specified in the GUM B]_would require a proper estimate of the degrees of
freedom for an) average deviation (5, which is difficult to obtain.

NOTE 2 In
could be teste

stead of testing deviations () = (xi"bs} - xlfef for significant departure from zero, recoveries (@) = (xi"t
i for significant departure from unity. These two tests are essentially equivalent.

s> /xiref

If significant pias is found with any of the reference samples Ry, R,, ..., R,, a bias correction is determingd. In

addition, the
obtain an es|
may the take

An allowanc
reference sa
fail to cover
has to be inc

5.3.3 Correction for bias

5.3.3.1

If significant
correction is
uncertainties
s((xiObs)) for
correction d¢g

the prior

the obssd

the num

If the numbe
this is not pog

Géneral

correction uncertainty is estimated and added to the precision of the candidate procedd
timate of the measurement uncertainty. Alternatively, instead of applying/a correction, the
n into account by an additional allowance in the uncertainty estimation:

b for bias in the uncertainty estimation is also made in case_of insignificant bias found o
mples, to account for the empirical fact that within-laboratory estimates of precision almost a
he variability of analytical results obtained in collaborative. studies, and therefore laboratory
uded.

bias is found with any of the samples_R;, R, ..., R, investigated according to 5.3.2, a
derived, using the data collected:sso far, i.e. the reference values xref and their sta
u(x; ref) as well as the results (x; 0bsy’ of the candidate procedure and the|r standard devig
all the reference samples R,. Whether these data are sufficient for deriving a meaningfu
pends on several factors:

information on the concentration dependence of potential bias;

rved pattern of déviations (x,20S) — x;ref;

ber p of parameters of the correction model selected.

r r of reference samples should turn out insufficient, additional samples should be investiga
ssible‘or not practical, no bias correction is performed. Instead, the bias is taken into accou

an additional

re to
bias

h the
ways
bias

bias
hdard
tions
bias

ed. If
nt by

allowance in the uncertainty estimation according to the procedure specified in 5.3.4.

For a clear distinction from the symbols for values referring to the reference samples, the symbol y is used for
values referring to the subsequent analysis of test samples.

Bias correction is performed in Steps A to D as follows.

5.3.3.2 St

ep A — Selection of the correction model

The correction model is chosen according to the pattern of observed deviations and the prior information on
the concentration dependence of potential bias. For example, if from prior information at most a constant
offset is expected, and if the observed deviations are approximately constant, then correction by a constant
additive term according to the equation yq. = ymeas * P4 is appropriate. Similarly, if from prior information bias
is expected to grow proportionally with analyte concentration, and if the observed deviations agree with this
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expectation, then correction by a constant factor according to the equation yq. = b5 ¥neas IS @ppropriate. If no
prior information is available, then the correction model can only be chosen on the basis of the observed
deviations.

If a single-parameter correction is not sufficient to account for the observed deviations, corrections involving
two or more parameters have to be considered, using e.g. a linear correction function y.,. = b Ymeas * b1 Or @
second-order polynomial ysor = b3 Ymeas® * P2 Ymeas + P1-

NOTE By tradition, non-linear curves are most often modelled using polynomials, being linear in the parameters to be
determined. However, with the capacity of today's personal computers and standard computational software, there is no
need to refrain from the use of non-linear functions. A compilation of function types for regression modeling, addressing
varioys practical items as well as the statistical behaviour of these maodels, is given in Reference [10]

5.3.3]13 Step B — Selection of the number of reference samples and the data evaluation procedure

For determining the parameters of the selected correction model, two basically different te¢hniques are
available:

— ipterpolation, using a minimum correction data design;

— lpast-squares regression, using a redundant calibration design.
In thi case of a minimum correction data design, the number r©f)reference sample data sets xl.ref, u(xl.ref),
(xl.°b , s((xl.ObS)) equals the number p of correction parameters."Accordingly, the correction pafameters are
determined by solving the equations resulting if the terms obtaitiéd by applying the correction to the <xl.°b3> are
equajed to the corresponding reference values xifef.
In th¢ case of a redundant correction data design,\the number r of sample data sets x;®f, u[x,ef), (xbs),
s((x;°PS)) exceeds the number p of correction parameters. Then the correction parameters are determined from

the r¢ference sample data using an appropriate least squares procedure.

The general recommendation of this International Standard is to use a redundant calibration design. If the bias
studyf is restricted to effects of varying analyte concentration, the number r of reference sample data should be

— 1= 2  for one-parameter carfections;
— 1#1>3  for two-parameter.corrections;
— ##1=>5  for three.parameter corrections.

If thg bias study.includes matrix interferences, a redundant design is mandatory, and a larggr number of
refergnce samples will be required than the minimum numbers given above. Clause 6 provides|guidance for
the design of-such studies.

5.3.3|4) Step C — Determination of the correction parameters

In the case of a minimum calibration design, the correction parameters are determined by solving the
equations resulting if the terms obtained by applying the correction to the (xiObs) are equated to the
corresponding reference values x,-ref (see 5.2.2 for the case of a single parameter).

Using this procedure, the parameters for a linear correction according t0 y o, = b2 Ymeas + b4 are determined
from the data of two samples R, and R, as follows.

X1ref _ x&ef

by = (33)
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X10bs

(34)

by =5 (X1 )b (w752 (282}

In more complex cases, e.g. for p >2, or if non-linear functions are involved, the equations are solved
numerically by using a computer program (an “equation solver®), as contained in common mathematical
software.

In the case of a redundant-correction data design, the correction parameters are determined by least-squares
adjustment to the reference sample data set. For this purpose, the computer program for ISO 6143 [7] could

be used, but

often ordinary (unweighted) least-squares regression will be sufficient.

For an additi
term b4 is gi
means of a fi
the individua

For the para
solution is re

ben by the mean value of the individual differences x,-ref— (xiObs). Analogously, for caorfecti
hctor according 0 yoor = P2 Ymeas» the correction factor b, may be estimated by the mean va
quotients x,"67/(x,0bs).

meters of a linear correction function and low-order polynomials, the ordinary least-sq
hdily obtained using common mathematical software.

ve correction according t0 yeorr = Ymeas * 21, the ordinary least-squares estimate of the corrgction

DN by
ue of

iares

5.3.3.5 Step D — Estimation of correction uncertainty
The uncertainty of corrected measurements is obtained by combination of~Contributions from three different
sources:
a) uncertaipty of the uncorrected measurement,
b) uncertaipty of the correction parameters,
c) uncertaipty related to the correction model.
2 =u? 2 2 del 35

u” (veo ) = u“ (Veorr /me@s) +u“ (ycorr /Para) xuu” (ycor /model) (39)
In this uncerfainty budget, the first term is essentially given by the intermediate-precision variance s2(yydas) Of
the uncorregted measurement result (multiplied with a sensitivity factor near to unity). The second tgrm is
obtained from the uncertainties u(xl.ref), S((xi0b3>) of the reference sample data. For a redundant correctior] data

design, the

hird term may be estimated from the lack of fit, e.g. the residual variance. For a minimum-

correction dgta design, the reference sample data do not provide any information about the quality of the fit.
Therefore expert judgement has.tobe used for an estimate of the third term.
5.3.4 Bias handling without correction
If significant |bias is_feund on one or several reference samples, but a correction based on these findings is
doubtful and| investigation of additional reference samples is not possible or not practical, no correctlon is
applied, and|an”additional allowance in the uncertainty estimation is made to account for the observed bias
according to

Yest = Vmeas (36)

2 2 2
u (J’est) =u (J’corr) + (J’corr _J’meas) (37)

This procedure is also used when no significant bias is observed on any of the reference samples. For this
purpose, it is not necessary to first calculate a correction function and estimate correction uncertainty. Instead,
the uncertainty for measurement of a test sample may be estimated using the data for the nearest reference
sample, R, , according to the single-level procedure specified in 5.2.2. This gives
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