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- ya@ Comparability and traceability concepts

The concept of comparability (equivalence) of measurement
results - “tested once, accepted everywhere’ - isincreasingly
Important since it allows to minimize technical barriersin
trade and to cut down expense for international cooperation.

While results obtained under repeatability conditions can be
compared directly, results obtained by different laboratories
In different countries and at different times are comparable
through their relationship to the same reference which is an
Internationally agreed and recognized measurement standard.
Thisstrategy Istermed “traceability”.
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b Interlaboratory comparisons

Practical estimation of comparability of measurement/
testing/analytical results is based on intercomparisons.

Key comparisons conducted on the best measurement
capability level of NMIs are organized by CCOM at
BIPM in the framework of the Convention of the Meter
(www.bipm.org).

| ntercomparisons organized on the routine measurement
level of field laboratories are named “ proficiency testing
(PT) since they are used mostly for assessment of a
laboratory performance.
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- b Metrological approach to PT

Two main steps are common for all PT schemes:

1) estimation of the assigned value of analyte
concentration in the test items/RM and quantification of
the value s uncertainty including components arising
from the material homogeneity and stability, and

2) calculation of alaboratory performance statistics.

Astest items, portions of aCRM - intheideal case - are
distributed among the laboratories participating in the
PT. If CRM Is expensive or not available, an IHRM or
a spike with the traceable property value can be helpful.
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Vel Assumptions

One can imagine a situation when CRM, IHRM or a
spike, with atraceable certified/assigned value of the
analyte concentration C_,; and standard uncertainty s .. ,
Is used for proficiency testing of (theoretically) infinite
population of |aboratories that produced results with the
mean Cp; and standard deviation Spr.

For ssimplicity, the data of RM certification and PT results
are considered as independent random events having both
normal distributions with parameters C_., S .o« and with
Cor, Spr, COrrespondingly.
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Density functions (aluminum in fly ashes, % by weight, SRM
2690: C_,=12.35ands_,; = 0.14) at Cr =12.25 and Sp; =
0.34 . The shaded area is the probability of the joint events.
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- b Probability of joint events
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-y  Unsuccessful comparability (P® 0
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B x> Ideal comparability (P =1
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Any other values of distribution parameterslead to P <1.
Evenat Cpr = C ¢ and Sp1> S, It ISIMpoOSSible to
assess the comparability unambiguously.
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e Null hypothesis H,

H, may consist of the assumption that the bias| Cpr - Ceg

exceeds s . by avalue which is insignificant in comparison
with random interlaboratory errors of the analysissp;. In
this case, the hypothesis has the following form:

Ho: ! Cor - Coatt = [(0.35p71 )%+ S Y2

Atratio g= s /S pt = 0.4 H, corresponds to probability P
3 0.56, and at ratiog= 0.7 it correspondsto P2 0.77. When
Spr=S .t aNd g= 1.0, the probability values are P3 0.83.
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b Alternative hypothesis H

The aternative hypothesis H, assumes that the bias
exceeds s . Significantly, e.g.

Hll: : CPT Ccertl 2.00 [(0-35 PT )2 i Scert2] 1/2’
Hipi 1 Cor - Coant =217 [(0.35pr )2 + Seq”] V4, €.
In practice, laboratories participating in a PT form a

statistical sample (from the population) of size N, i.e.
only N laboratories are sending their results.
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el Thecriterion

H, IS not rejected when

: CPT/av ) Ccert: v tl—a/ZSPT/N e = [(0-33 PT )2 v Scertz] 1/2’

where Cpy/,, and Sy are the sample estimates of C and
St calculated from the same N results; the left-hand side
IS the upper limit of the confidence interval for the bias

| Cor - Ceati 5 t1.a/2 1S the quantile of the Student’ s
distribution for f = N-1; the value 1-a/2 is the probability
of thebias; Cy; - C,q hot exceeding its upper limit.
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" }@@ The bias norms in S, units at a =0.05
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el Eample

If SRM 2690 (NIST) is chosen for PT of Al determination

In coal fly ashes, C_,; = 12.35 % by weight and s .= 0.28/2
=0.14 % (U =+ 0.28 % is shown In the certificate).

The ASTM standard: “the means of the results of duplicate
determinations carried out by different |aboratories on
riffled splits of the analysis sample should not differ by
more than 2.0% for Al, O, , i.e. 1.06% for Al.

Since the range for two lab resultsis limited by the ASTM,
Spr = 1.06/2.77 = 0.38%, where 2.77 i1s the 95% percentile
of the range distribution. The value g= 0.14/0.38 = 0.4.
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- b PT results for Al in SRM 2690

Lab. No Result, %, w/w | Lab. No. Result, %, w/w
1 12.76 16 12.60
2 12.19 17 12.81
3 12.68 18 12.39
4 12.21 19 11.96
5 12.96 20 11.91
6 12.27 21 11.86
7 11.96 22 12.32
8 12.03 23 12.53
9 11.88 24 12.84
10 11.97 25 12.67
11 12.23 26 12.86
12 12.48 27 12.75
13 12.69 28 12.66
14 12.21 29 11.99
15 11.98 30 12.61
Cor/a 12.30 Cor/a 12.38
Ser 0.34 Sor 0.35
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- b Comparability assessment

Comparability of the results of 15 laboratories can be
assessed as satisfactory since at g=0.14/0.38 = 0.4

' Corav— Ceaty = 12.30—12.35} =0.05< 0.23 Sy =
0.23" 0.34 =0.08 %.

Comparability of the results of 30 |aboratoriesis also
assessed here as satisfactory since

| Cpr/av — Coartt = | 12.38—-12.35] =0.03<0.30 Sy =
0.30 " 0.35=0.11%.
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b Reliability of the assessment

Reliability in such comparability assessment isdetermined
by the probabilities

- of not rejecting the null hypothesis H, when it istrue, and
- of rgjecting H, when it is fal se (the alternative hypothesis
H, istrue).

The criterion does not allow rejecting hypothesis H, with
probability 1-a/2, when it is true. Probability of an error of
type | by this criterion (to rgject the H, hypothesis when it
Istrue) is a/2.
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B Power P and probability b
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|.Kuselman. Accred. Qual. Assur. (2006) 10: 466-470.
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- ya@  Chemical/metrological point of view

Discussion of the comparability should be restricted by the
definition of the analyte/matrix for which C_,, and s, are
guantified: adequacy of the RM used is very important.

When the RM prepared for PT is not certified and a
consensus value (average or median of PT results) is used
Instead of C_, traceability of this value Is questionable and
comparability of the PT results cannot be assessed in the
meaning “tested once, accepted everywhere’. In such cases,
especially when number N of the participantsislimited, a
local comparability, 1.e. among the participants only, is
tested.
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el Conclusions

1. Comparability of PT results can be assessed based on a
criterion of “yes-no” -type for testing H, about insignificance
of the bias of the results mean from the traceable certified
RM value used for the PT.

2. A combination of chemical/metrological and statistical
knowledge is necessary for careful formulation of H,, since
different hypotheses can lead to different decisions about
comparability of the results obtained in the same PT scheme.
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