HAYKOBI CTATTI 3A MATEPIAJIAMY JOTIOBIIEN CEMIHAPY "HEBU3HAYEHICTH BUMIPIO-
BAHBb: HAYKOBI, ITPUKJIATHI, HOPMATHUBHI TA METOJANYHI ACIIEKTU" (UM-2021)

SCIENTIFIC ARTICLES ON THE PROCEEDINGS OF THE SEMINAR "MEASUREMENT UNCER-
TAINTY: SCIENTIFIC, NORMATIVE, APPLIED AND METHODICAL ASPECTS" (UM-2021)

UDC 006.065 DOL:

Verification of methods in accordance with
the requirements of ISO/IEC 17025:2017
by the intralaboratory method

A. Kotsiuba

Institute of the postgraduation study of State University of Intelligent Technologies and Communications,
Lomonosov Str., 18, 03022, Kyiv, Ukraine
anatko@ukr.net

Abstract

The article is dedicated to the analysis of the requirements of the standard ISO/IEC 17025:2017 for the verification of
test and calibration methods. The necessity of verification of standardized methods is demonstrated and the characteristics
of standardized methods that need to be confirmed during their verification are revealed. The method of intralaboratory
verification of test methods is proposed, which is to confirm the repeatability and trueness of methods based on the results
of control measurements of reference materials in accordance with the principles set out in the series of international
standards ISO 5725. This method can be applied to calibrate measures of physical quantities.

In case of absence of reference materials, the verification of methods can be performed by interlaboratory comparisons.
It is noted that the verification of test methods is a mandatory requirement for calculating the measurement uncertainty
according to the reproducibility indicators given in the standardized method. The recommendations for laboratory actions

to improve accuracy in case of unsatisfactory verification results are given.
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Introduction

An important factor in obtaining reliable test or
calibration results is the availability of appropriate
methods in the laboratory. ISO/IEC 17025:2017 [1],
the national version of which is DSTU EN ISO/IEC
17025:2019 [2], in accordance with the requirements
of which calibration and testing laboratories are
accredited, contains virtually no restrictions on the
choice of methods. It is recommended to choose
methods published in international, regional or
national standards, or published by reputable technical
organizations, or published in relevant scientific literature
or journals, or those specified by manufacturers in the
operating documentation for the equipment. However,
the laboratory may develop its own method or modify
techniques for future use if the above conditions are
missing or for some reason do not suit the laboratory.

It should be noted that in some cases national
legislation restricts the freedom to choose the method,
because in accordance with Article 7 of the Law of
Ukraine “On metrology and metrological activity”
[3] measurement methods in the field of statutory
metrology, which are mandatory-legal acts or in
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normative documents to which there are corresponding
references in normative-legal acts. Activities related to
the field of legally regulated metrology are defined in
Article 3 of the Law of Ukraine [3], in particular, it
includes medical science, quality control, safety of food
and medicines, environmental protection, etc.
However, no method, even the best one, can
provide reliable results if the laboratory performs it
incorrectly. Therefore, [1] requires that “the laboratory
shall verify that it can properly perform methods before
introducing them by ensuring that it can achieve the
required performance”. Since the latest version of
ISO/IEC 17025:2017 [1], unlike the previous one [4],
where this requirement is applied only to standardized
methods, does not specify which methods should be
verified — all methods are subject to verification.
Thus, at first glance, the new version of ISO/IEC
17025 strengthens the requirements for verification
of methods. In fact, if we take into account that all
methods other than standardized must be validated,
and, as defined in [1, 2], “validation is verification,
where the specified requirements are adequate for
an intended use”, i.e. laboratory-validated methods
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are considered already verified, it remains to verify
only standardized methods. Practice shows that most
of the requirements of ISO/IEC 17025:2017 for the
verification of laboratory methods are validated.

It would seem that there is nothing wrong with this.
Having validated standardized methods, the laboratory
will better study them, understand their strengths
and weaknesses, which will reduce the likelihood
of inaccurate results. However, given the complexity
of validation, this may require significant resource
costs, including time, which with a large number of
standardized accreditation methods can adversely affect
the financial efficiency of the laboratory. The subject
of this paper is to develop a method of verification of
standardized methods by internal laboratory method.

Main part

According to [1], “verification is provision of
objective evidence that a given item fulfils specified
requirements”. Despite the fact that today at the
international level the accuracy of measurement results
is assessed due to measurement uncertainty, most
standardized methods, including international, specify
indicators of repeatability, reproducibility and, rarely,
trueness. However, this is equivalent to indicating the
accuracy of the method, because, for example, accor-
ding to [5, 6], the standard deviation of reproducibility
is a good estimate of the total standard uncertainty.
During the verification, the laboratory must demonstrate
that its results are compatible with the requirements
of the standardized method, and therefore must con-
firm that during the implementation of the method in
the laboratory it achieves these indicators.

As is known [7, 8], repeatability is the degree
of closeness to each other of the results of repeated
measurements of the same value obtained under
repeatability conditions, in other words, under the
same conditions. This means that the measurement
is performed by the same operator, at the same
workplace, using the same equipment, at the same
influential values and in the shortest possible time.

Due to the presence of uncontrolled random influences
or, in other words, due to the presence of a random
measurement error, the results obtained under the
conditions of obvious stability may differ from each
other. According to [7], the convergence can be
quantified by the standard deviation repeatability o.
Nevertheless, standardized methods often do not give
the standard deviation repeatability, but the allowable
difference r between the extreme (largest and smal-
lest) results from n repeated measurements for a con-
fidence level of P = 0.95. It can be converted to the
standard deviation repeatability by the formula

o, = r/f(n),

where f(n) is a coefficient, the value of which, de-
pending on the number of repeated measurements #,
are given in Table 1 [9].

Repeatability control is to obtain a series of m
results in repeatability conditions. According to these
results, the statistical estimate of the standard devia-
tion of repeatability is calculated:

5 = |20
m—1

According to [9], the repeatability of results in the

laboratory is satisfactory if the condition [9] is met:
S’/ <y (VIN,

where y(v) is the distribution quantile ¥’ for the
confidence interval P = 0.95 and the number of degrees
of freedom v=m—1. The values of the quantiles are
shown in Table 2.

For higher values of vthe values of the quantiles
y* can be found in statistical reference books.

Reproducibility is the degree of closeness to each
other of the results of repeated measurements of the
same value obtained in the conditions of reproducibi-
lity, i.e. in different laboratories, by different operators,

Table 1
The value of f(n) depending on n for P = 0.95
n 2 3 4 5 6 7 8 9 10
An) 2.8 3.3 3.6 3.9 4.0 4.2 43 44 4.5
Table 2
The value of the distribution quantiles x? for the confidence interval P = 0.95
v 1 2 3 4 6 7 8 9 10
Xé'%(v) 3.8 6.0 7.8 9.5 11.1 12.6 14.1 15.5 16.9 18.3
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on different equipment. Reproducibility can be quan-
tified by the standard deviation reproducibility o,.
However, the methods most often do not specify the
standard deviation reproducibility, but the maximum
allowable difference R between the results of the
indicator in two different laboratories for a probabi-
lity of 0.95. Then 6, = R/2.8.

The standard deviations repeatability and repro-
ducibility can be used to verify trueness. It should be
recalled that according to [7] trueness is the degree
of approximation of the average value from a large
number of repeated measurements to the accepted
reference value. The bias is a quantitative measure-
ment of trueness, because the deviation of the average
value from the accepted reference value is an estimate
(approximate value) of a systematic error. If there is
a certified reference material, in the certificate of which
the assigned value W is specified, which is taken as the
reference value, the verification is reduced to obtai-
ning m measurement results of the reference material.
Based on these results, the average value of X is
estimated and compared with the reference value
of u. The trueness of the measurement is satisfactory
if the condition [9] is met:

‘)_c—p‘sl,/ci—cf mT—l

In order to save resources, experiments to veri-
fy repeatability and trueness can be combined, i.e.
the repeatability can be assessed based on the results
of measurements of the reference material. It should
be also noted that both during the repeatability check
and during the trueness check, the experimental-
ly obtained values should not be subjected to statisti-
cal processing to detect errors.

Regarding the number of m results to check the
convergence and correctness, we can provide some
general recommendations. It is recommended to get at
least 10 results, but getting more than 20 results usually
does not make sense, because if the number of results
increases, the m gain in the accuracy of the estimated
indicators is insignificant. However, if obtaining each
result requires significant costs, this number may be
less than 10.

The results of the verification of the method should
be documented in the form of a report (protocol)
on the verification with a detailed description of how
the verification was performed. The date of verification,
the facilities where the verification was performed,
climatic factors affecting the results, involved person-
nel, obtained results together with all calculations
must be at least documented. It is mandatory that
the conclusion be drawn based on the verification re-
sults.

Repeated verification is performed provided the
changes are made to the standardized method by the
organization that standardized it.

In case of absence of reference materials, intra-
laboratory verification of correctness is a prob-
lematic task. A good solution to this problem can
be an interlaboratory experiment, which implies
interlaboratory comparisons or bilateral comparisons
with a higher-level laboratory, but the consideration
of this issue goes beyond this paper.

It should be noted that the verification performed
in this way gives grounds for the evaluation of
measurement uncertainty through standard deviation
reproducibility, as [5, 6] require that the laboratory
must first confirm that the quality of the test method
performance meets the requirements specified for the
method by verifying the correctness and convergence.
This proves that the published data on the use of the
method are consistent with the results of measurements
and tests obtained by the laboratory. In this case,
the expanded uncertainty U for the confidence level
p = 95% can be estimated by the formula

U=2-0,.

If the results of the method verification are
unsatisfactory, it is necessary to carefully analyze the
implementation of the method in the laboratory to
identify excessive adverse effects. In particular, the
reason for unsatisfactory repeatability may be excessive
variability of some factors, such as excessive voltage
instability in the power supply network of electronic
instruments, fluctuations in external electromagnetic
fields, vibration, and so on. Unsatisfactory trueness
can be caused by hidden metrological failures of
instrument, improper quality of reagents, incorrect
systematic actions of the operator, excessive devia-
tion of an influential factor from the normal value
or an unfavorable combination of influential factors.
In the case of exposure to such factors, measures should
be taken to minimize or eliminate their impact. If all
the measures taken failed, the characteristics of the
method should be re-evaluated, that is, its validated.

All of the described above concerns mainly
testing methods. The described approach can be
partially applied to some calibration methods, in parti-
cular, methods for calibrating measures of physical
quantities. Measures of physical quantities tend to
have an inconsequential random error, i.e. convergence
for the relevant techniques is a characteristic of the
method rather than of the measure. An analogue of
reference materials here can be a measure calibrated
by a laboratory of higher metrological level with low
uncertainty. To calibrate instruments with a signifi-
cant random error, this approach cannot be imple-
mented, since the observed variability of results during
calibration of such instruments is due to the proper-
ties of the calibration object.

Finally, it should be noted that method verifica-
tion does not exempt the laboratory from statistical
control of the measurement procedure, including
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regular correctness and convergence checks, and the
application of quality assurance methods provided for
by the laboratory management system, involving trai-
ned and qualified personnel. It is strongly recommen-
ded to use control cards [6].

Conclusions
The requirements of ISO/IEC 17025:2017 for
the verification of test and calibration procedures

have been analyzed. A method of verification of
test methods confirming the convergence and
correctness of the techniques in accordance with
the principles set out in the series of internatio-
nal standards ISO 5725 is proposed. It is no-
ted that the verification of methods is a man-
datory requirement for calculating the measure-
ment uncertainty by reproducibility indica-
tors.

Bepudixkaiis MeToaMK BiANMOBIAHO 10 BHMMOT
ISO/IEC 17025:2017 BHYTpPilIHB0/J1200pATOPHUM
Crocooom

A.M. Kouroba

IHcmumym nidsuweHHs Kearnichikauii chaxisuyie y 2amysi mexHiYHO20 pez2ynoeaHHs ma croxus4oi nonimuku [epxagHozo
yHigepcumemy iHmernekmyasnbHUX mexHosoeil i 38’a3Ky, eyn. JlomoHocosa, 18, 03022, Kuis, YkpaiHa
anatko@ukr.net

AHoTauis

CrarTio npucBstdeHO aHajizy BuMor craHmapty ISO/IEC 17025:2017, HamioHanpHUM aHanoroM sikoro € JICTY EN
ISO/IEC 17025:2019, mono Bepudikauii MeTonuk BUMpoOyBaHb Ta KajiOpyBaHHs. [IpoaHasnizoBaHO 3MiHM Yy BHUMOTrax
y TIOpIiBHSHHI 3 MONEPEeNHbOI0 BEPCi€l0 BKA3aHOTO CTAHIApTy. 3a3HAYEHO OCOOJIMBOCTI HAIiOHAJIBLHOTO 3aKOHONIABCTBA
110710 BUOOpY METOIMK Y Jaboparopisx y nopiBHsiHHI 3 Bumoramu ISO/IEC 17025:2017. KoHcTraTyeTbest, 110 Bepudikalist
HEeCTaHIAPTU30BaHUX METOIMK 3BOAUTHCS M0 iX Bajdigauii. IlokazaHo HeoOXimHicTh Bepu(ikallii cTaHIapTU30BaHUX
METOIMK Ta BUSIBJIEHO XapaKTePUCTUKU CTAHIAPTU30BAHUX METOMUK, 1110 MOTPeOYIOTh MiATBEPIXKEHHS il yac Bepudikaii
TaKMX METOIMK. 3aIlpolOHOBAHO CIOCIO BHYTpillIHbOJIaOOpaTOpHOI Bepu@ikallii MEeTOAMK BUIIPOOYBaHb, IO IOJISITAE
y TiATBEPIKEHHI 301XXHOCTI Ta MNPaBUJIBHOCTI METONMK HA OCHOBI pe3yJbTaTiB KOHTPOJBHUX BHUMIpIOBaHb 3HAYEHb
cepTu(diKoBaHMX CTaHAAPTHUX 3pa3KiB BiMMOBIAHO MO MPUHIIMUIIIB, BUKIAAEHUX Y cepii MixkHapoaHux ctaHaapTiB ISO 5725.
Leit crmoci6 Bepudikallii Moxe OyTHM 3aCTOCOBAHO I IO JESIKUX METOAMK KaliOpyBaHHSI, 30KpeMa, METOAUK KaxiOpyBaHHS
Mip ¢iznuyHux BeauuuH. ITokazaHO HE3aCTOCOBHICTH IIbOTO CIOCOOY Bepudikalii s METOAMK KajiOpyBaHHSI MpuianiB
i3 CYTTEBOIO BUITAAKOBOIO IMOXMOKOIO. Y pasi BiACYTHOCTI cepTM(hiKOBaHMX CTaHIAPTHUX 3pa3KiB Bepudikallito METOIUK
MOXe OyTM MPOBEIEHO UUISIXOM MiXJ1a00paTOPHUX MOPiBHSIHb. 3a3HauyeHo, 110 Bepudikallisi METOIUK BUIIPOOYBaHb
€ HEOOXiTHOI0 YMOBOIO IS PO3PaxyHKY HEBHU3HAUYEHOCTI BUMIPIOBAHHS 32 TOKA3HUKAMM BiITBOPIOBAHOCTi, HaBENEHUMU
y CTaHIapTU30BaHill Metoauui. BussineHo dakropu, siki MOXyTb OYyTH NMPUUYMHOIO HE3alOBiIbHOI Bepu(dikallii METOaUK, Ta
HaBeIeHO peKOMEeHaallii 1oA0 i JlabopaTopii sl MiABUILIEHHS TOYHOCTI Pe3yJibTaTiB BUMIPIOBaHb Y LIbLOMY pasi.

KoouoBi ciioBa: MeTomayka BUIIpOOYBaHHSI; Bepuikallisi; 30iKHICTh; MPaBWIbHICTh;, HEBU3HAYEHICTb BUMipIOBaHHSI.

Bepudukanysa MeToauK B COOTBETCTBHM C TPeOOBaHMSAMM
ISO/IEC 17025:2017 BHYTPH/Ia00PATOPHBIM CIIOCOOOM

A.H. Koutoba

UHcmumym noebiweHusi Keanugukayuu crieyuanucmos 8 obracmu mexHUYeckoe0 pezynuposaHusi u rnompebumenbckol nonumuku
locydapcmeeHHO20 yHUBepcumema UHmMesnnekmyasnbHbIX mexHonoaul u cessu, yn. JlomoHocosa, 18, 03022, Kues, YkpauHa
anatko@ukr.net

AHHOTaIMSA
Crarbsl mocBslleHa aHanusy TpeboBaHuii ctanmapta ISO/IEC 17025:2017 nmo BepubduKalluy METOIUK HCMbITAHUI
u KanubpoBku. [TokazaHa HEOOXOOUMOCTh Bepr(pUKALIMY CTAHIAPTU30BAHHBIX METOAMK Y YCTAHOBJIEHBI UX XapaKTEPUCTUKU,
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TpeOylole TONTBepxKAeHUST Tipu Bepudukaunu. [lpemioxkeH cmocod BHYTPUIA0OpATOPHON BepM(OUKALIMU METOINK
WUCITBITAHUM, 3aKIIOYAIOIIMIACS B TOATBEPXKICHUM CXOAUMOCTH U IPaBWIBHOCTU METOAUK Ha OCHOBE pe3yJibTaTOB
KOHTPOJIBHBIX M3MEPEHMI 3HAUYeHWIl CTaHOAPTHBIX OOpPa3lOoB B COOTBETCTBMM C IMPUHLMIIAMM, M3JOXEHHBIMU B CEPUM
MeXIyHapoIHbIX ctaHzapTtoB ISO 5725. BDT1oT ¢cnocod MoXeT ObITh NMPUMEHEH U K HEKOTOPbIM METOAMKAM KaJIUOPOBKHU,
B YAaCTHOCTH, METOIMKAM KaJIMOPOBKU Mep (DU3NIECKUX BeJIUYMH. B caydae oTCyTCTBUSI CTaHAAPTHBIX 00pa3IoB BepuUKaLUs
METOAUK MOXET ObIThb IPOBeAeHA MyTeM MeXXJ1a00opaTOpPHBIX cpaBHEeHU. OTMeUeHO, YTO BepudUKalUsl METOAUK UCITBITAHUN
SIBJISIETCSI HEOOXOAMMBIM YCJIOBMEM JUISI pacyeTa HEOMpEeNeJeHHOCTH M3MEPEeHHUI IO ToKa3aTelsiM BOCIPOU3BOIMMOCTH,
MPUBEIEHHBIM B CTaHAAPTU30BaHHON MeTonuke. [IpuBeneHbl peKoMeHIaluu 1Mo AeHCTBUSIM J1a0OpaTOPUM sl TIOBBILIIEHUS

TOYHOCTM TMPU HEYIOBJIETBOPUTEIbHBIX pe3yJbTaTaX BepUUKALIUU.

KnoueBbie cioBa: MeToauMka UCIIbITAHUA BepI/Id)I/IKaL[I/IH;

U3MEPEHUA.
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