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SaZetak

U danasnjemu globalnome svijetu vaznost to¢nih, pouzdanih i usporedivih
mjernih rezultata od vitalnog je znacaja. Stoga i norme koje propisuju zah-
tjeve na rad laboratorija (ISO/IEC 17025, 1S0 15189) traze mjeriteljski pristup
procesu mijerenja, zahtijevajuci validaciju metoda, osiguranje mjeriteljske
sljedivosti, poznavanje mjerne nesigurnosti, pracenje trendova u mjernim
procesimaisl.

Donosenje ispravne odluke je li neki mjerni postupak prikladan za odredenu
svrhu (validacija), kao i realno procjenjivanje mjernih nesigurnosti rezultata
moguci su samo uz dobro poznavanje mjernih postupaka. ,Dobrotu” mjernog
procesa odreduje iznos sluajnih i sustavnih pogresaka. Eksperimenti koje
provodimo u svrhu validacije metode mogu dati dobar uvid u njihovu velicinu,
ali i izvore pa stoga mogu posluZiti i pri procjenjivanju mjernih nesigurnosti.
Opseg provedenih eksperimenata nadilazi potrebe za samu procjenu mjernih
nesigurnosti. Njima se Zeli istraziti ponasanje metode u svim realnim radnim
uvjetima, naci joj slabe tocke, dokazati uskladeni rad ljudi, razmotriti i doka-
zati selektivnost ili provjeriti granicu detekcije i sl. lako nece bitno utjecati na
informaciju o tocnosti mjerenja, osigurat ¢e pouzdaniji rad, lakSe otkrivanje
gredaka u radu i vece povjerenje u tocnost rezultata.
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Abstract

In today’s global world, accurate, reliable and comparable measurement re-
sults are of vital importance. Therefore, the standards which requlate labo-
ratory requirements (ISO/IEC 17025, 1SO 15189) demand a metrological ap-
proach to the measurement processes, requiring method validation, establis-
hment of metrological traceability, estimation of measurement uncertainty,
monitoring of trends in measurement processes etc.

Making the right decision on whether or not some measurement procedure
is adequate for a stated use (validation), as well as a realistic estimation of
measurement uncertainty, is only possible when a measurement process is
well known. Its ‘goodness’ is characterized in terms of random and systema-
tic errors that affect the measurements. Experiments conducted in order to
validate a method can give good insight into their magnitude and also into
their sources and therefore can be used for measurement uncertainty esti-
mation. The scope of performed experiments surpasses the need for the as-
sessment of measurement uncertainties. They are used to explore method
behavior in all realistic operational conditions, to finds its weak points, prove
coordinated work of personnel as well as to prove selectivity or check limits
of detection etc. Even though it will not have a major impact on the informa-
tion about measurement accuracy, it will ensure more reliable work, easier de-
tection of errors in work and a higher level of confidence in results’ accuracy.

Keywords: method validation; measurement uncertainty

Received: November 13, 2009

Prihvaceno: 31. prosinca 2009.

Uvod

Svaki imalo odgovoran analiticar prije uvodenja nove, ne-
poznate metode u rad, provest ¢e njenu validaciju. Cini to
zbog svoje profesionalne savjesti i teznje da daje vjero-
dostojne mjerne rezultate, tj. rezultate na temelju kojih
¢e mjerodavne osobe modi donositi ispravne odluke. U
skladu s definicijom u novome mijeriteljskom rje¢niku VIM
3 (engl. International Vocabulary of Metrology) (1), valida-
cija nekog elementa (npr. mjernog postupka, metode) je
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Method validation

Prior to introducing a new, unknown method, every con-
scientious analyst will first carry out its validation. This
is done out of professional conscience and aspiration to
provide reliable measurement results, i.e. results on whi-
ch the right decisions can be made. In line with the defi-
nition from the new vocabulary in metrology VIM 3 (1), a
validation of an item (e.g. of a measurement procedure,
method) means provision of objective evidence that a
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osiguravanje objektivnih dokaza da taj element udovo-
ljava zahtjevima koji su prikladni za neku jasno utvrdenu
uporabu. Objektivni dokazi su zapisi o provedbi validacij-
skih eksperimenata.

Radne znacajke metode i kriteriji
prihvacanja

Validacijski eksperimenti troSe vrijeme i novac i zato ih je
neizmjerno vazno dobro isplanirati. U tom planiranju dva
su nadasve kriti¢na koraka:

« prepoznavanje bitnih radnih znacajki metode za ut-
vrdenu uporabu te metode; i

« postavljanje zahtjeva (kriterija) na te znacajke, a opet
uvazavajudi utvrdenu uporabu te metode.

Radne su znacajke metode:
o linearnost (mjerno podrugje);

* mjerna preciznost (oznacuje rasipanje rezultata u
nekim uvjetima):

- mjerna ponovljivost - preciznost pod uvjetima
ponovljivosti — isti analiticar, isti uzorak, isti mjerni
sustav, isti radni uvjeti, kratko vremensko razdoblje
(uobicajeni naziv koji se rabi u podru¢ju medicin-
ske biokemije je nepreciznost u seriji);

- medupreciznost (intermedijarna preciznost) -
preciznost koja se postize unutar istog laboratori-
ja u duljem vremenskom razdoblju uz ocekivane
promjene (ponovljene kalibracije s razli¢itim ka-
libratorima, razni analiticari, razli¢ita oprema) (uo-
bicajeni naziv koji se rabi u podru¢ju medicinske
biokemije je nepreciznost iz dana u dan);

- mjerna obnovljivost - preciznost koja se postize
izmedu laboratorija (uobicajeno se ne kvantificira
kod validacije metode unutar laboratorija, ali je to
bitan parametar kod normiranja metode);

« mjerna istinitost (kvalitativan pojam koji oznacava
bliskost slaganja rezultata i referentne vrijednosti):
- kvantitativni pokazatelji istinitosti mogu biti: proc-
jena sustavne pogreske (b) i/ili iskoristenje;
« selektivnost;
« granica detekcije;
« granica kvantifikacije;
« robustnost metode.
Nije potrebno za svaku uporabu metode ispitati sve radne
znacajke, ve¢ samo one koje su bitne. Na primjer, kod me-
toda cija je zadaca otkriti ima li ne¢ega u uzorku ili nema,
analiticare ¢e najvjerojatnije zanimati granica detekcije i
selektivnost. Moraju li odrediti $to je to u uzorku (identi-
fikacija), od presudnog ce znacenja biti selektivnost. No,
kada ¢e morati izdati kvantitativan rezultat, zanimljivim
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given item fulfils specified requirements, where the spe-
cified requirements are adequate for an intended use.
Objective evidence means records of having carried out
validation experiments.

Method performance characteristics and
related acceptance criteria

Validation experiments spend time and money and the-
refore it is exceedingly important to plan them well. The-
re are two highly critical steps in this particular planning:

« recognizing significant method performance charac-
teristics for a stated usage of a method; and

- setting requirements (criteria) to these characteristics,
and yet again keeping in mind the stated usage of a
method.

Method performance characteristics are as follows:
« linearity (measurement area);
+ measurement precision:

- measurement repeatability - precision under
the repeatability condition of measurement - sa-
me analyst, same sample, same measuring sy-
stem, same operating conditions, same location,
short period of time (frequently used term for this
concept in clinical chemistry and laboratory medi-
cine is intra-assay precision);

- intermediate precision - precision which is ac-
hieved within the same laboratory over an exten-
ded period of time but may include other condi-
tions involving changes: new calibrations, calibra-
tors, operators, and measuring systems;

- measurement reproducibility - precision under
the reproducibility condition - precision which
is reached between laboratories (it is usually not
quantified in case of in-house method validation,
but it is an important parameter in method stan-
dardization);

+ measurement trueness:
- bias (b) and/or recovery;

« selectivity;

« limits of detection;

« limits of quantification;

» method robustness.

It is not necessary to test all performance characteristics
for each usage of the method. For instance, in methods
where the task is to discover weather something exis-
ts in the sample or not, the analysts will most probably
be interested in the limits of detection and selectivity. If
they have to determine the cause (identification), selecti-
vity will be of critical significance. But, when they have to
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postaju sve nabrojene radne znacajke metode, osim gra-
nice detekcije. Cesto upotrebljavana krilatica da je opseg
validacije kompromis troskova i rizika, ne odnosi se na
odabir radnih znacajki, ve¢ samo na broj i opseg eksperi-
menata s kojima ce biti odredene.

Laboratorijima u praksi ipak najvise problema predstavlja
postavljanje kriterija prihvacanja na radne znacajke meto-
de, a ne njihov odabir. Kriteriji bi se trebali odrediti prije
provedbe validacijskih eksperimenta, uvazavajuéi spo-
sobnost tumacenja rezultata dobivenih tom metodom,
odnosno dono3enja ispravnih odluka na temelju tih rezul-
tata. Nazalost, ucestala je praksa da se kriteriji postavljaju
na temelju dobivenih rezultata iz validacijskih eksperime-
nata. Izjava koja se pise na kraju validacije da metoda za-
dovoljava za utvrdenu uporabu tada nema smisla.

Ciljana mjerna nesigurnost i kriteriji radnih
znacajki metode

Kada je neki rezultat kvantitativan, korisnicki zahtjev od-
nosit ¢e se na njegovu to¢nost. Kvantitativno taj zahtjev
opisujemo ciljanom mjernom nesigurnos¢u (engl. target
measurement uncertainty) koja predstavlja najvecu doz-
voljenu nesigurnost za neku odredenu uporabu tog re-
zultata. Kako mjerna nesigurnost obuhvaca sve slucajne i
nekorigirane sustavne pogreske, razumljivo je da ¢e iznos
ciljane mjerne nesigurnosti utjecati na definiranje kriterija
na znacajke kao $to su ponovljivost mjerenja, intermedi-
jarna preciznost (medupreciznost), obnovljivost, sustavna
pogreska i/ili iskoristenje.

Mjerna nesigurnost

Mjerna se nesigurnost procjenjuje u skladu s medunarod-
no i multidisciplinarno harmoniziranim postupkom ko-
ji se naziva: Uputa za iskazivanje mjerne nesigurnosti (en-
gl. Guide to the Expression of Uncertainty in Measurement,
GUM) (2), izdanim 1993. godine, ispravak 1995. U njegovu
su nastanku suradivale sljede¢e medunarodne organiza-
cije: Bureau international des poids et mesures (BIPM), In-
ternational Electrotechnical Commission (IEC), Internatio-
nal Federation of Clinical Chemistry (IFCC), International
Organization for Standardization (ISO), International Uni-
on of Pure and Applied Chemistry (IUPAC), International
Union for Pure and Applied Physics (IUPAP) i International
Organization of Legal Metrology (OIML).

Prema GUM-u, svaka se sastavnica nesigurnosti kvantifici-
ra standardnim odstupanjem koje se, u tu svrhu, naziva
standardna nesigurnost. GUM opisuje dva nacina njihova
procjenjivanja— AiB.

Ukoliko se standardno odstupanje (standardna nesigur-
nost) dobije primjenom neke statisticke metode, govo-
rimo o procjeni vrste A. Standardne nesigurnosti vrste A

Method validation and measurement uncertainty

issue a quantitative result, all the above stated method
performance characteristics become interesting, except
for the limits of detection. The frequently used slogan
whereby the scope of validation is a compromise of costs
and risks does not pertain to the selection of performan-
ce characteristics, but only to the number and scope of
experiments to be estimated.

In real life, most problems for laboratories are posed by
setting the acceptance criteria to method performance
characteristics, not by their selection. The criteria should
be set before carrying out validation experiments, keepi-
ng in mind the ability to interpret results thus obtained,
i.e. making the right decisions based on these results.
Unfortunately, in most cases the criteria are set based
on results obtained through validation experiments. The
statement written at the end of the validation stating
that the method complies with a particular usage makes
no sense then.

Target measurement uncertainty and
acceptance criteria

When a result is quantitative, the user’s request will be its
accuracy. In quantitative terms, this request is described
with target measurement uncertainty which represents
the greatest allowed uncertainty for a particular usage of
that result. Since measurement uncertainty encompasses
all random and non-corrected systematic errors, it is un-
derstandable that the target measurement uncertainty
will impact the defining of criteria to characteristics such
as measurement repeatability, intermediate precision,
reproducibility, bias and/or recovery.

Measurement uncertainty

Measurement uncertainty is estimated in line with the
internationally and multidisciplinary harmonized Guide
to the Expression of Uncertainty in Measurement (GUM) (2)
issued in 1993, corrected in 1995. The following interna-
tional organizations participated in its assembly: Bureau
international des poids et mesures (BIPM), International
Electrotechnical Commission (IEC), International Federa-
tion of Clinical Chemistry (IFCC), International Organiza-
tion for Standardization (ISO), International Union of Pure
and Applied Chemistry (IUPAC), International Union for
Pure and Applied Physics (IUPAP) and International Orga-
nization of Legal Metrology (OIML).

According to GUM, each uncertainty component is quan-
tified by an estimated standard deviation, called, for this
purpose - standard uncertainty. GUM describes two ways
of evaluation - type A, estimated by statistical means,
and type B, estimated by other means.

Type A standard uncertainties are obtained as a standa-
rd deviation (of the mean) of replicate measurements, or
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su standardno odstupanje (od aritmeticke sredine) niza
mjerenja, rezidualno standardno odstupanje kalibracijske
krivulje, standardno odstupanje odredeno provedbom
internih mjera kontrole kvalitete rezultata (kontrolne kar-
te)idr.

Primjeri izvora nesigurnosti koji se procjenjuju procjenom
vrste B su kataloski podaci o granicama toc¢nosti nekog
instrumenta, raspon vrijednosti nekog kalibratora koje je
dao njegov proizvodac, podaci iz umjernica instrumenata
i dr. lako se procjene vrste B temelje na stru¢noj prosud-
bi procjenitelja te su stoga subjektivne, pouzdanost proc-
jena pojedinih sastavnica nesigurnosti ne ovisi o nacinu
njihove procjene, vec iskljucivo o kvaliteti informacije na
temelju koje su procijenjene.

Mjerna nesigurnost rezultata dobiva se iz drugog korije-
na zbroja kvadrata pojedinacnih sastavnica nesigurnos-
ti, uvazavajudi njihove faktore osjetljivosti. Pritom se sve
standardne nesigurnosti jednako matematicki tretiraju,
neovisno jesu li dobivene procjenama vrste A ili B. Re-
zultat se uobicajeno iskazuje s proSirenom nesigurnoscu,
koja je umnozak sastavljene standardne nesigurnosti re-
zultata i faktora k koji osigurava dogovorenu obuhvatnu
vjerojatnost, uobicajeno P = 95%.

Mjerna nesigurnost jo3 je relativno neshva¢ena u mno-
gim podru¢jima mjerenja pa tako i na podrucju medicin-
ske biokemije. Ipak, kako je procjenjivanje mjerne nesi-
gurnosti jedan od zahtjeva norme ISO 15189, sve se vise
prihvaca da pored radnih znacajki metoda moze biti je-
dan od indikatora kvalitete (3).

Kako ukljuciti podatke iz validacijskih
eksperimenata u procjenu mjerne
nesigurnosti?

Mjerna je nesigurnost svojstvo mjernog rezultata, a ne
metode, opreme ili laboratorija, te je za ocekivati da se
procjenjuje tek kada se rezultat dobije. Ocekuje li se da ¢e
glavni izvori pogresaka biti unutar samog mjernog/ispit-
nog procesa, a he npr. zbog nehomogenosti uzorka koji
se ispituje, moguce je napraviti zadovoljavajucu procjenu
mjernih nesigurnosti rezultata na temelju radnih znacajka
metode o preciznosti i istinitosti. Inicijalne informacije o
radnim znacajkama metode dobivaju se provedbom vali-
dacijskih eksperimenata.

Slucajne se pogreske kvantificiraju eksperimentima pre-
ciznosti te iskazuju kao standardna odstupanija (s), ili koe-
ficijenti varijacije (KV). Od spomenute tri razine preciznos-
ti (ponovljivost, medupreciznost i obnovljivost) u procje-
ni mjerne nesigurnosti na temelju validacijskih podataka,
najzanimljivija je medupreciznost, jer ukljucuje puno Sire
izvore slucajnih pogre$aka nego li ponovljivost. Obnov-
ljivost se ne odreduje u validaciji koju provodi sam la-
boratorij.
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as a standard deviation from the fit of a calibration curve,
characteristic standard deviation from a control chart etc.

Examples of uncertainty sources evaluated by type B
evaluation are: manufacturer’s quoted error bounds for a
measuring instrument, interval of values of measurement
standards, data from calibration report etc. Despite the
fact that type B uncertainties are essentially based on
scientific judgement and are therefore subjective and
personal, the reliability of some uncertainty estimate
does not depend on the way of evaluation, but exclu-
sively on the quality of information which was basis for
evaluation.

Combined standard uncertainty is obtained using the
“root-sum-of-squares” method. All standard uncertain-
ties thereat are equally mathematically treated, regardle-
ss if they were obtained through type A or B evaluations.
The result is usually reported with expanded uncertainty
which is the multiplication of combined standard uncer-
tainty of result and factor k which ensures the agreed co-
verage probability, usually P = 95 %.

Measurement uncertainty is still relatively misunderstood
in many areas of measurement and so in the field of me-
dical biochemistry. However, as the evaluation of mea-
surement uncertainty is one of the requirements of 1ISO
15189, is increasingly accepted that in addition to the
method performance characteristics can be one of the
quality indicators (3).

How to include data from validation
experiments into measurement uncertainty
estimation?

Measurement uncertainty is a property of measurement
result, not of the method, equipment or laboratory and
therefore it is to be expected that it is assessed only once
the result is obtained. If the main sources of error would
be within the measurement (or testing) process itself, and
not for instance caused by a non-homogenous sample,
it is possible to make a satisfactory measurement uncer-
tainty estimation using method performance characte-
ristics like precision and trueness estimates. Initial infor-
mation on this method performance characteristics are
obtained by performing validation experiments.

Random errors are estimated via precision experiments
and represented as standard deviations (s) or coefficients
of variation (CV). Out of the three precision levels mentio-
ned (repeatability, intermediate precision and reproduci-
bility), the most interesting one in measurement uncer-
tainty assessment (made from validation experiments)
is intermediate precision since it includes much wider
sources of random errors than it would be the case with
repeatability. Reproducibility is not established in an in-
house validation.
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Istinitost metode koja se numericki iskazuje kao procjena
sustavne pogreske b (engl. bias) odreduje se preko ekspe-
rimenata u kojemu se usporeduje referentna vrijednost
(X,f) i 0Cekivana vrijednost koja se dobiva metodom (arit-
meticka sredina, x):

b= )_(_Xref

Referentna je vrijednost najcesce certificirana vrijednost
referentnog materijala (engl. Certified Reference Material,
CRM) odredena prikladno malom mjernom nesigurnoscu
te dokumentiranom mjeriteljskom sljedivoscu. Referentni
materijali moraju imati matriks $to blizi matriksu origi-
nalnog mjernog materijala. Procjena sustavne pogreske
moze se odrediti i uz pomoc neke druge mjeriteljski bolje
metode, ali to je praksi vrlo rijetko moguce.

1. slucaj: iskazivanje nesigurnosti uz korigiran rezultat

Temeljno nacelo GUM-a je da se rezultat korigira s izno-
som svih prepoznatih i znacajnih sustavnih ucinaka. Kori-
girani se rezultat (y, ) tada iskazuje kao:

Yior =Y ~ b.

Korekcija je tehni¢ki moguca i opravdana, ako je procje-
na sustavne pogreske (b) vrlo dobro odredena (s malom
mjernom nesigurnosti) te znacajna po svom iznosu. Dop-
rinos nesigurnosti zbog sustavne pogreske tada je samo
nesigurnost korekcije u,:

Up =\/5(X)? + u(xef)?

gdje je s(x) eksperimentalno standardno odstupanje arit-
meticke sredine, koje se odreduje pomocu formule:

st ="

s(X) je eksperimentalno standardno odstupanje rezultata
(x) koje daje ispitivana metoda kada joj se umjesto uzor-
ka stavi referentni materijal poznate vrijednosti (x o). n je
broj mjerenja iz kojeg je odredena srednja vrijednost (x).
u(x..) je mjerna nesigurnost vrijednosti pridruzene refe-
rentnom materijalu. Odreduje se iz podataka koje je dao
proizvodac referentnog materijala (procjena vrste B, GUM
().

Ukljuce li se i doprinosi slucajnih pogresaka (preciznost s),
mjerna je nesigurnost korigiranog rezultata:

U(ykor) =V/s* + up?
gdje je:

s standardno odstupanje dobiveno iz eksperimenata
medupreciznosti.

u, je sastavnica nesigurnosti zbog procjene sustavne
pogreske.

Method validation and measurement uncertainty

Trueness, which is expressed in terms of bias (b), is inves-
tigated by comparing the expected reference value (x,)
with the estimation of the result given by the method (x):

b=x- Xref

Reference value is most commonly the value of certified
reference material (CRM) determined with the appropria-
tely low measurement uncertainty and with documented
metrological traceability. Reference material should have
a matrix as close as possible to the matrix of the material
subjected to measurement. Bias could also be determi-
ned using another method of higher metrological order,
but this is rarely possible in real life.

Case 1: uncertainty when correction is applied

A prerequisite for the GUM is that “the result of a measu-
rement has been corrected for all recognized significant
systematic effects”. In such a situation the result of mea-
surement (y,.,) is reported as:

Yior =Y — b.

To make correction technically feasible and justified, the
estimate of bias (b) should be sufficiently accurate, well
established, and significant in size. Then only the uncer-
tainty of correction u enters into the calculation of un-
certainty:

Up =\/5(X)? + u(X,ef)?
where:

s(x) is experimental standard deviation of the mean X, gi-
ven by:

o s(x)
S(X) = —
vn
s(x) is experimental standard deviation of response of the
method to a reference material with the known value as-

signed to the material (x, ).

n is the number of observations made in this trueness
experiment.

u(x..¢) is measurement uncertainty associated with the
quantity value of a reference material (type B evaluation
GUM (2)).

If contribution of random errors is added (precision s),
then the measurement uncertainty of the corrected re-

sult is:
U(Ykor) =V/$2 + Up?

s is standard deviation obtained from intermediate preci-
sion experiment.

where:
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Ponekad je ovu nesigurnost potrebno prosiriti doprino-
som izvora nesigurnosti koje nisu uklju¢ene u ove dvije
sastavnice. Tipi¢ni su primjeri takvih izvora nesigurnosti:
uzorkovanje, priprema uzorka, nehomogenost uzorka.
Rezultat se iskazuje kao:

Y = Ykor £ ku(yop)-

Uz pretpostavku Gaussove (normalne) razdiobe faktor
k=2.

2. slucaj: Iskazivanje nesigurnosti uz nekorigiran rezultat

lako GUM (2) strogo preporucuje korekciju rezultata s pre-
poznatom sustavnom pogreskom, ponekad to nije niti
prakti¢no ni moguce. Korekcija rezultata moze zahtijeva-
ti modifikacije softvera, a ako bi se provele ru¢no, postoji
bojazan od pogresaka, i sl. U takvim, vise-manje izvanred-
nim slucajevima, kada nije prakti¢no ili moguce korigirati
rezultat, uz nekorigirani rezultat mjerenja iskazuje se ne-
sigurnost uvecana za prepoznatu sustavnu pogresku (b).
Matematicki to se moze napraviti na vise nacina. GUM (2)
savjetuje da se nesigurnost iz prvog slucaja uveca za pre-
poznatu sustavnu pogresku te se rezultat iskazuje kao:

Y=y =+ (ku(ykor) + |b]).

Eurolab (4) je skloniji statisticki pridruziti procjenu sustav-
ne pogreske preko modela:

u=v/s2+b*+up

Rezultat se tada iskazuje kao:

Y=ytky/s?+b>+up.

Postoje jo$ neke druge metode iskazivanja rezultata.
Odabrana metoda morala bi biti prakti¢na za primjenu,
razumljiva korisniku rezultata i ne bi smjela davati krivi
dojam o veli¢ini nesigurnosti. Npr. Eurolabovo rjesenje (4)
ne bi se smjelo primjenjivati u situacijama kada je b>>s.

Realnost procjene mjerne nesigurnosti

Opseg validacije temelji se na kompromisu rizika i trosko-
va pa je i opseg eksperimenata rezultat takvog kompro-
misa. Najizrazenije je to kod istrazivanja medupreciznosti
s. Da bi laboratorij dobio dobru aproksimaciju medupre-
ciznosti, on mora prepoznati koji ¢e cimbenici unijeti pog-
reSke u mjerenje te ih tijekom validacije simulirati. U prak-
si najcesce se primjenjuje promjena dva faktora: osoblje
i vrijeme, odnosno ponavljaju¢a mjerenja uobicajeno iz-
vodi razli¢ito osoblje u nekoliko dana. Nerijetko se kasnije
dokaze da je stvarna preciznost znatno losija od one od-
redene iz validacijskih eksperimenata.

Stoga, kada se mjerna nesigurnost procjenjuje na temelju
podataka o radnim znacajkama metode (odnosno mjer-
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u, is a component of uncertainty due to estimation of
bias.

Sometimes to this uncertainty some other of its compo-
nents should be added. Examples of such components
are contribution of sampling effects, sample preparation,
sample inhomogenity etc. The result is reported as:

Y = Ykor £ kU(yop)-

When normal distribution is assumed, coverage factor k
is equal to 2.

2. Case: Uncertainty when correction is not applied

Although GUM (2) strongly recommends the correction
of reported results of measurement with a known syste-
matic effect (b), in some cases it might not be practical
and feasible or might be too expensive. The correction
of results may require modifications to existing software
and “paper and pencil” corrections can be time consumi-
ng and prone to error. In such very special circumstances
when a known correction b for systematic effect cannot
be applied, the “uncertainty” assigned to the result can
be enlarged by it. Several methods could be applied for
this. GUM (1) describes a method when such enlarged
“uncertainty” is the sum of expanded uncertainty and a
known systematic effect (b). The measurement result is
reported as:

Y=y =+ (ku(ykor) + b))

Eurolab document (4) gives a method where a known
systematic effect (b) is treated as an uncertainty compo-

nent:
u=4/s>+b*+u

The measurement result is reported as:

Y=ytky/s?+b*+ up.

There are some other suggested methods for reporting
the uncertainty. Laboratories should choose the one that
can be easily interpreted by the user and that will not gi-
ve a wrong insight into the magnitude of the uncertainty
of measurement. E.g. the method of reporting described
in Eurolab document (4) is not appropriate when b>>s.

The accuracy of measurement uncertainty
estimation

The scope of validation is a compromise of risks and costs,
so the extent of experiments results from this compromi-
se. This is most prominent in the determination of inter-
mediate precision. In order for a laboratory to get a good
approximation of intermediate precision, it has to recog-
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nog/ispitnog procesa), nuzno je osigurati njihov trajni
(statisti¢ki) nadzor. Takvim se nadzorom dokazuje real-
nost procjena radnih znacajki metoda, a time i valjanost
procjene nesigurnosti, te uocavaju njihove promjene.
Osim internih mjera kontrole kvalitete bitno je i redovito
sudjelovanje na medulaboratorijskim ispitivanjima jer se
ponekad, samo na taj nacin, mogu otkriti u laboratoriju
neotkrivene sustavne pogreske.

Zakljucak

Mjerna nesigurnost je svojstvo mjernog rezultata, a ne
metode, odnosno ispitnog/mjernog procesa. Pretpostavi
li se da je ispitni/mjerni proces glavni izvor nesigurnosti,
moguce je napraviti procjenu mjerne nesigurnosti na te-
melju njegovih radnih znacajki. Prvu informaciju o njima
dobivamo iz validacijskih eksperimenata. Nakon tog nuz-
no je pratiti te radne znacajke, kako bi se dokazala valja-
nost procjene. Primijeti li se da su se radne znacajke pro-
mijenile, nuzno je azurirati procjenu novim podacima.
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te measurement uncertainty on the grounds of its per-
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data.

3. Simundic AM, Topic E. Quality indicators. Biochemia Medica 2008;
18:311-9.

4. Measurement Uncertainty revisited: Alternative approaches to uncer-
tainty evaluation, Eurolab, Technical report No.1, March 2007.

Biochemia Medica 2010;20(1):57-63

63



