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Introductory remarks concerning the terminology used in this
report

It has been the authors objective to use an internationaly agreed terminology. This report,
however, dso contains some programme- and sector-specific terms. To smplify the running
text, shorter forms of terms are used, e.g. ‘measurement uncertainty’ or ‘uncertainty’, rather
than ‘uncertainty of measurement’.

There is congderable confuson among many scientists an how the three terms * principle of
measurement’, ‘method of measurement’, and ‘ measurement procedure’ should be used. In
this report we have chosen the following way of expressng the scientific work of the
contributing ingtitutes. Each indtitute has gpplied a ‘ reference measurement procedure’ . The
outcome of that work is a ‘ reference measurement procedure vaue . From the information
submitted, IRMM has established a certified ‘IMEP-17 reference value', which serves as
reference when the participants results in IMEP-17 are discussed. The term ‘principl€’ is
avoided and ingtead ‘method’ is used when the text refers to acronyms, such as IDMS and
FAES.

The term 'IMEP-17 reference value should not be confused with ‘reference value or
‘referenceinterval’ as used in laboratory medicine to describe biological variation.

A ‘target vadue for uncertainty’ is a quantitative measure used to describe the qudity of the
reference measurement vaue that the indtitute is aming for. It is based on fitness for purpose
criteria. This term should not be mixed up with ‘target value often used in |aboratory
medicine to depict the ‘true value .

The term *component’ is synonymous to ‘andyte and ‘condituent’. The former term is
recommended in laboratory medicine. It is used throughout the text for sake of consistency
except in the project title, which was agreed on in 1999. A ‘measurand’ is the quantity
subject to measurement. In the specification of the measurand, the quantity, the system and
the unit must be described in detail’.

a-amnylae is desgnated amylase as the usud term used in laboratory medicine.



1. Introduction

The Isotope Measurement (IM) unit of the Inditute for Reference Materids and
Measurements (IRMM) develops and performs reference measurements using primary
methods, produces certified isotopic reference materids, and organises internationd
measurement evauation programmes in the nuclear and non-nuclear fiedlds The unit aso
providestraining in these aress.

The IRMM-International Measurement Evauation Programme (IMEP) is a programme for
interlaboratory comparisons (ILCs). The programme is open to dl interested |aboratories
and full confidentidity is guaranteed with respect to the link between results and the
partticipants identity. IMEP emphasises metrological aspects, such as tracesbility and
measurement uncertainty [1]. Participating laboratories receive certified test samples (with
undisclosed vaues), which are to be analysed using routine measurement procedures. The
measurement results are dsplayed againg “metrologicd’ reference values. The participants
can as=ss the qudity of their own results by comparing with the reference vaues and with
results obtained by an internationa measurement community. The reference vaues should,
whenever possible, be tracesble to the SI. They are established by measurements at
renowned and experienced ingtitutes world-wide [2].

The programme supports quaity assurance work at routine level and stresses, particularly,
the educationa aspect. In this way, IMEP complements the regular and sector-gpecific
proficiency testing (PT) and externad quality assessment (EQA) schemes. The test materids,
the measurands and the participants vary. Detailed information on completed, on-going and
scheduled comparisons can be found on the Internet [1].

1.1. IMEP-17

In July 1999, IRMM launched IMEP-17 as successor to IMEP-1, IMEP-4, IMEP-5 and
IMEP-7 [1]. The initiative came from DEKS that stressed the need for more reference
measurement procedure vaues to support routine quality assurance (QA) work, eg. in
EQA schemes, in reference materials (RM) production, and in support of the EC directive
98/79/EC [3]. IRMM decided to finance the production of two serum materids. These
were ready and approved end of 2000. Meanwhile, the ideas for the interlaboratory
comparison were drawn up in collaboration with the C-AQ IFCC" and EQALM.*

The increasing number of interlaboratory comparisons at higher metrologicd leve during the
1990:s meant that it was now possible to include organic components in an IMEP
comparison. Apart from the dements Ca, Cl, Cu, Fe, K, Li, Mg, Na, Se and Zn, dso
glucose, cholesteral, creatinine, urea, uric acid, thyroxine (T4), bumin, immunoglobuline G
(10G), amylase and g-glutamyl trandferase (-GT), were findly sdected for IMEP-17. The

" Danish Institute for External Quality Assurance for Laboratories in the Health Sector.

" Committee for Analytical Quality of the International Federation of Clinical Chemistry and
Laboratory Medicine.

* European Committee for External Quality Assurance Programmes in Laboratory Medicine.
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choice of the components was based on recommendations from the C-AQ IFCC, the needs
of routine laboratories, and on the capability of Nationa Metrology Ingtitutes (NMIs) and
Reference Measurement  Laboratories (RMLsS) to provide reference measurement
procedure values. This report describes the IMEP-17 certification campaign.

1.2. Links between IMEP-17 and other metrological projects

The serum materids produced for IMEP-17 have been used in severd other internationa
ILCs and studies. These include the pilot study CCQM-P14 on calcium H], the key
comparisons CCQM-K11 on glucose 5] and CCQM-K12 on cregtinine [6], bilateral
CCQM comparisons on cholesterol, and the Euromet Project 563 [7]. The outcome of
these comparisons will be finaly reported during 2002.

The Nordic Committee for Externa Quality Assurance Programmesin Laboratory Medicine
(NQLM) [8] has conducted a study where approximately 200 laboratories ran the IMEP-
17 samples in pardld with three other serum cdibrators and control materids. One
objective isto transfer the accuracy of the IMEP-17 samples to the other materids.

2. Organisation of the certification work

During the autumn of 2000, an inquiry was sent to Sixteen inditutes to obtain information
about their existing methodology related to the IMEP-17 components, and to monitor their
interest in contributing to the certification work. Twelve inditutes in Europe, USA and Asa
replied pogtively (Table 1). After evaluation, 69 assignments were distributed. The objective
was to obtain two or three independent reference measurement procedure values for each
component, from ingditutes with experience and a proven successful record in specific
goplications of primary or other internaiondly approved reference measurement
procedures.

One or more laboratories within the inditutes in Table 1 have been involved in the
catification work. The following saff are known to the authors to have contributed
experimentdly: Dr L. Sekmann, Dr G. Schumann and Dr W. Kilpmann (DGKC), Dr J.
Vogl e d. (BAM), Dr D. Schiel et d., and Dr A. Henrion et d. (PTB), Dr Z. Motian et d.
(NRCCRM), Dr SE. Long et d. and Dr M. Welch et d. (NIST), Dr P. Evans, Dr B.
Fairman, Dr G. O'Connor, Mr P. Stokes and Mr J. Turner (LGC), Dr M. Berglund, Dr H.
Ramebéck, Dr S. Kasemann, Dr J. Diemer, Mrs B. Sgerge-Olsen and Dr P. Robouch
(IRMM), Dr U. Ornemark (SP), Dr SR. Park et d. (KRISS), Dr T. Waczyk et d. (ETH),
Dr G. Fortunato (EMPA) and Dr A. Ulddl et d. (DEKYS).



Table 1. Institutes contributing to the certification work in IMEP-17.

Acronym Name of institute and its location Contact
per son(s)
DGKC- Deutsche Gesellschaft fir Klinische Chemiee. V. L. Siekmann
Bonn Bonn, Germany
DGKC- Deutsche Gesellschaft fir Klinische Chemiee. V. G. Schumann
Hannover Hannover, Germany .
W. Kilpmann
IRMM Institute for Reference Materials and M easurements M. Berglund
Ged, Belgium P. Robouch
H. Schimmel
NRCCRM | National Research Centre for Certified Reference 7. Motian
Materids, Beijing, China
KRISS Korean Research Ingtitute of Standards and Science S.R. Park
Y usung Tagjon, Korea
PTB Physikalisch-Technische Bundesanstalt D. Schiel
Braunschweig, Germany A. Henrion
LGC Laboratory of the Government Chemist T. Catterick
Teddington, United Kingdom
ETH Eidgendssische  Technische  Hochschule,  Zrich, T. Walczyk
Switzerland
BAM Bundesangtalt fiir Materialforschung und —Prifung J Vogl
Berlin, Germany
NIST National Ingtitute of Standards and Technology W. May
Gaithersburg, USA M. Welch
EMPA Swiss Federal Laboratories for Materias Testing and G. Fortunato
Research, St Gallen, Switzerland
SP SP Swedish National Testing and Research Indtitute, | . Ornemark
Boras, Sweden®

$ Experimental work performed as visiting scientist at the IRM M.




3. Test materials

3.1. Production

Two test materids (1 (DEKS identity FHK 004) and 2 (DEKS identity FHK 0012)) were
prepared from pools (~20 litres) of fresh human serum by DEKS Herlev Universty Hospita
and Statens Serumingtitut (SS), Copenhagen, Denmark under the responsibility of A. Uldall
[9, 10, 11]. The origind blood was collected from hedthy patients following WHO
recommendations. Each individua donor, as well as the find pools, were tested and found
negative for HIV, Hepatitis B and Hepatitis C.

The pool of Materid 1 was left unmodified to resemble a normd patient serum. Materid 2
was prepared by spiking the main pool of 20 litre of serum, and mixing it in a bottle with
plenty of free space. In the spiking process, pure compounds and reagents were used (de-
ionised water, hydrochloric acid, potassum hydroxide, cregtinine, glucose, glyceral, lithium
chloride, magnesum chloride hexa-hydrate, potassum chloride, urea, uric acid dissolved in
0.02M KOH, zinc chloride, amylase* and g-GT) from bovine kidney." The spiking was
intended to achieve higher but il clinicaly relevant concentrations.

Each pool was caefully mixed and derile-filtered (0,22 pm) before transferring
approximately 9,5 m. of serum into each of 2 200 polypropylene vids. The vids were
closed with a Teflon-coated stopper and an outer metal seal, and stored at -80 °C.

3.2. Initial characterisation of the test materials

3.2.1. Homogeneity

The homogendity of the respective serum was assessed by determining the concentrations of
seven components in 42 vids (Materid 1) and 30 vids (Materid 2). The precison was
compared with that obtained from repeated andys's (n=12-20) of sera from pools of other
materids with amilar compaogtion. Based on an Ftest (P=0,01), no sgnificant difference
could be found in the case of Ca, Na, cregtinine, glucose and Zn (Table 2).

Remark: The conclusion that the test materid is sufficiently homogeneous for its intended
use is mainly based on tests with routine clinica methods. These methods do not have the
same high precision as most of the methods used in the certification work. However,
results from this and other studies with, e.g. IDMS indicate that inhomogeneity does not
congtitute a significant source of uncertainty.

* EC number 3.2.1.1. from human sdliva, 500 U (25 °C), cat. No. 10092 (“BioChemica’ purity, 100 U/mg),
SigmaAldrich.

T gGT, EC number 2.3.2.2 from bovine kidney, 500 U (25 °C), cat. No., G4756 (grade 2 purity; 26 U/mg)
from Sigma-Aldrich.



Table 2. Summary of results from homogeneity study on the IMEP-17 serum

materials.
Component Serum material 1 Serum material 2
DEKSid. FHK 004 DEKSid. FHK 0012
CV% CV% pool CV% CV % pool

Ca 0,96 0,87 0,90 0,64

K 0,91 0,90

Li 0,68 0,70

Mg 0,70 0,63

Na 0,53 0,66 0,61 042

Zn 45 44 2,2 2,7
Glucose 20 12 12 11
Cholesterol 16 11
Cregtinine 13 11 18 18

Urea 0,88 0,78

Uric acid 0,87 0,87

Thyroxine (T4) 0,87 0,56
Albumin 20 19
19G 30 29
Amylase 28 32
gGT 15 14
Tota protein 13 0,7 12 11

3.2.2. Stability

Severd previous studies by DEKS indicate that liquid sera in frozen state are stable for
severd months (& £ -20 °C) to many years (a £ -80 °C). The stability under higher
temperature conditions was assessed by goring vids of Materid 2 a 4 °C, room
temperature, 30 °C and 37 °C. The concentrations of seventeen components were
determined at five occasions over a period of one month and compared with those found in
vids stored at -80 °C. All components, except amylase from 30 °C and glucose at 37 °C,
were stable at al temperatures over the period. The two materias are aso subject to an on
going long-term stability study (one year) at -80 °C and -135 °C.

3.2.3. Density

The densty a 22 °C for both materials was messured with a DA-110M density meter
(Mettler-Toledo AG, Anaytical, Schwerzenbach, Switzerland). Three vids of each materid
were examined. The density value 1023(2) kg-L™ is used in the conversion of reported
results between amount contents (mol kg*) and amount concentrations (mol-L ™).

3.2.4. pH

The pH of Materid 1is7,52. The pH of Materid 2 is 7,77, which is usud for serum where
CO, has escaped. This higher than normal pH occurred probably because a larger than
usua mixing chamber was used in the production. The change of mixing chamber was due to
indications of dight inhomogeneity when mixing spiked serum with the pool in a 22-litre



bottle.¥ An investigation by DEK S has shown that the higher than normal pH has an effect of
+9 % on the adbumin result in Vitros measuring sysems [12]. The IMEP-17 participants are
informed about this interference and can where possible, choose other methods.

4. Interactions with the institutes performing reference
measurements

4.1. Sample distribution and deadline for reporting results

The serum materids (Section 3) were available from the end of March 2001. They were
digributed from IRMM on dry ice by courier or by armail, together with ingtructions for
storage.

The deadline for reporting results was initialy set to 15 July 2001. This was not possible to
achieve mainly because of difficulties with shipping the serum materias to severa countries.
In addition, severd ingditutes were conducting their measurements as part of CCQM

projects with dightly different time schedules than for IMEP-17. The last participants
received their samples in August and in December most results had been submitted. Three
results were received and accepted after December 2001.

4.2. Instructions to the institutes
Each indtitute received an information package that included:

= Anaccompanying letter

= Information about the measurands

» Reaultsfrom theinitid characterisation of the test materids

= Ingructions and references concerning the evauation of uncertainty

= A materid-specific form for reporting the results of the measurement assgnment.

4.2.1. Accompanying letter

The letter pecified the assgnment and pointed to its objectives. It dso mentioned time-
aspects and provided information about parallel studies on the test materials.

4.2.2. Information about the measurands in IMEP-17

A lig of dl components with indicative concentration levels and target values for the
expanded k=2) measurement uncertainty was given for each of the two materids. The
target values were based mainly on proposed limits for “tota anaytica error’ [13].

* A first batch of serum (DEKS ID. FHK 007) of Materia 2 was rejected due to indications of
inhomogeneity. Later studies, however, confirmed that the usually applied production procedure
(vigorous mixing during 1 hour in abottle of approximately 22 litre volume) was fit for purpose.



4.2.3. Results from the initial characterisation of the test materials

The informetion on homogeneity, stability and density measurements, which was avallable at
the time, was provided.

4.2.4. Instructions and references concerning the evaluation of uncertainty

The indructions stressed the objective of the technical work and that the ingtitutes were to
use their primary or reference messurement procedures. The generd approach in the
guidelines from ISO et d. [14] and from Eurachem/CITAC [15] was summarised. The
ingtitutes were ingtructed to use this approach when evauating the uncertainty.® They were
a o asked to provide information about their measurement procedures [5]).

5. Reference measurements

5.1. Primary methods

IMEP ams a establishing Sl-tracedble reference values through agpplication of ‘primary
methods of measurements. The Consultative Committee for Amount of Substance
(CCQM) of the Internationad Committee for Weights and Measures (CIPM) defines these
as methods having ‘the highest metrologica qudities [5, 16]. The CCQM has recognised a
handful of methods, including titrimetry, gravimetry, coulometry and isotope dilution mass
spectrometry (IDMS), as having the potentid to be primary. This recognition gives, by no
means, automaticaly the ‘primary’ character to the results. It means that under specific
circumgtances, and when these methods are gpplied in the correct manner, they can lead to
Sl-tracedble results with smalest combined uncertainties. For this reason, the IRMM aways
requests, apart from the uncertainty budget, a description of the measurement procedure in
order to evauate the quadity of the reported data.

IRMM collaborates with ingtitutes that have developed expertise in the gpplication of
primary methods. Such methods cannot always be used and, therefore, other measurement
procedures are also used when the IMEP reference vaues are established.

5.2. Applied measurements methods

In Table 3 we have summarised the various measurement methods applied by the ingtitutes
for the respective component. The main features of some of the methods are given below.

5.2.1. Isotope dilution mass spectrometry (IDMS)

IDMS is based on the measurement of isotope amount ratios. A known amount of sample
with known isotopic compodtion of the dement/compound is mixed with a materid (pike)
where the element/compound of interest is present in a different isotopic compaosition. Once
isotopic homogeneity has been edtablished for the mix (blend), minor losses in the
subsequent sample preparation do not affect the result. The unknown concentretion is
evauated from measurements of the induced blend ratio.

$ The CIPM guidelines for key comparisons (Appendix F to the Mutual recognition arrangement (MRA)
[5]) serves as another important source for institutes performing reference measurements



There are a number of different sample introduction and measuring systems available for
IDMS. In this work, mass spectrometers equipped with therma ionisation (TI) or
inductively coupled plasma (ICP) sources were used for inorganic applications. Gas
chromatography (GC) or liquid chromatography (LC) was used to separate organic
components before the measurement.

5.2.2. Neutron activation analysis (NAA)

NAA is based on gamma spectrometry measurements of samplesirradiated with neutronsin
a nuclear reactor. The capture of a neutron in a stable isotope may lead to the immediate
emisson of ag-ray and the formation of a g-emitter isotope to be monitored.

Classcad NAA is based on comparison of activities of the unknown sample and a known
standard co-irradiated under smilar conditions. This gpproach eiminates the need for
accurate determination of neutron fluxes and detector cdibration. The required
measurements are the relaive specific g-emisson of the activity products in the sample and
in the standard, measured in the same counting position. The mgjor drawback is the need of
one standard per element concentration to be determined. The k-standardisation NAA
method alows the determination of elementa concentrations in the sample without the use of
mono- or multi-element calibrators.

5.2.3. Radial immmunodiffusion (RID)

In radid immunodiffuson (RID), an antibody is added to a g and poured into a plate.
Widls are cut into the plate. Antigen (in sample or cdibrator) is then added to the wells, and
will diffuse out radidly. If the antibody present is specific for the added antigen, a ring of
precipitate is formed. The sze of the ring is directly proportiona to the concentration of the
antigen. Samples and measurement standards are run & the same time and a cdlibration
curveis created. Quantification according to ‘ endpoint methods alows the reaction to go to
completion. In kinetic methods, measurements are done before the zone of equivalence is
reached.

One ingtitute applied RID to neasurements of adbumin and 1gG. The experiments were
performed on gel plates (Dade Behring, Marburg) with incorporated polyclond antibodies.
A certified reference materia (BCR-470) was used for the cdlibration [17].

5.2.4. Gravimetry

Gravimetric methods are based on the measurement of mass, and are grouped into two
major types [18]. In ‘precipitation methods, the component is converted to a sparingly
soluble precipitate, which is then filtered, washed, and converted to a product of known
composition by hest trestment. The product is findly weighed. In ‘volatilisation methods ,
the component or its decomposition products are volatilised a a suitable temperature. The
volatile product is collected and weighed, or dternatively the mass of the product is
determined indirectly from the loss of mass of the sample.



The PTB has applied a gravimetric procedure described by NIST for the measurement of
sodium [19]. In brief, the serum sampleis first digested and then diluted before placed on a
cation exchange resin. Sodium is isolated and precipitated as NgSO,, which is heated at
900 °C to give a thermaly stable product. Traces of sodium, euting before (with lithium)
and after (with potassum) the main fraction, were corrected for based on ICP-OES
measurements.

5.2.5. Coulometry

Coulometric methods are performed by measuring the quantity of eectrica charge required
to convert the component quantitatively to another oxidation state. Coulometric and
gravimetric methods share the common advantage that the proportionality constant between
the quantity measured and the component mass is derived from accurately known physica
congtants. This makes the use of measurement standard of the same quantity superfluous.

5.2.6. Titrimetry

Titrimetry includes a group of methods that are based on measuring the amount of a reagent
of known concentration that is consumed by the component. In ‘volumetric titrimetry’, the
resgent is measured volumetricdly. In ‘gravimetric titrimetry’, the mass of the resgent is
measured. In coulometric titrimetry, the quantity of charge required to complete a reaction
with the component is measured.

5.2.7. Enzymatic methods

For the measurement of g-GT and amylase, the DGKC applied standard operating
procedures (SOPs) devel oped by the IFCC Committee for Reference Systems for Enzymes
(CRSE).” The temperature in both cases was 37 °C. Both procedures are approved by the
CRSE, and will undergo the IFCC bdlot in 2002.

Certified reference materids (CRMs) were usad in connection with the measurements
(IRMM/IFCC-452 for g GT and IRMM/IFCC-476) for amylase) [17].

In the case of amylase, the measurement is based on the following reaction:

ENM + H,0 %$1%¥3%® 4,6Ethylidene - GP - Gx+ 4- Nitrophenyl - GP- (7- X)
4- Nitrophenyl - GP- (7- x)+ H,0 %% S4:% %% (7- x)Glucose+4- Nitrophenol

ENM and GP correspond to 4,6-Ethylidene(Gl)-4-nitrophenyl(G7)-a-(1->4)-D-
maltoheptaoside (substrate) and a - (1->4)-D-glucopyranosyl respectively.

5.2.8. Flame atomic emission spectrometry (FAES)

In FAES or ‘flame photometry’, a solution containing the component is converted to amist
and caried into a flame by a flow of gaseous oxidant or fud. An emisson spectrum is

" This committee recently changed name from “Calibration in Clinical Enzymology (CCCE).



generated in the hot gaseous medium. The concentration is directly proportiond to the
emitted intengty.

Table 3. Overview of methods applied by the institutes in the IMEP-17 certification
campaign. Measured components are indicated with X for the respective material.

Component Material 1 | Material 2 M easur ement method(s)
Ca X ID-ICP-MS, ID-TIMS
Cl X IDMS, Coulometry
Cu X X ID-ICP-MS, ID-TIMS
Fe X ID-TIMS
K X X ID-ICP-MS, FAES
Li X ID-ICP-MS, ID-TIMS
Mg X X ID-ICP-MS
Na X Gravimetry, FAES
Se X NAA, ID-ICP-MS
Zn X X ID-ICP-MS, ID-TIMS
Glucose X X ID-GCMS
Cholesterol X ID-GCMS, ID-LCMS
Creatinine X X ID-GCMS, ID-LCMS
Urea X X ID-GC-MS
Uric acid X X ID-GC-MS
Thyroxine (T4) X ID-LC-MS
Albumin X RID
1gG X RID
Amylase X X IFCC reference method at 37 °C
gGT X X IFCC reference method at 37 °C

5.3. Assignment of property values — The certification process

5.3.1. Basic criteria

Based on the reported reference measurement procedure values, the IRMM will assgn an
‘IMEP-17 reference vaue to as many components as possible in the test materids. Thisis
the actud certification process, which will lead to the issuing of asigned certificate. Each test
materiad will then be referred to as a* certified test sample’ . Because the materids have been
produced for a specific purpose (an IMEP comparison) they are not labelled, provided or
referred to as certified reference materids.

The fact that an inditute, which performs reference measurements for the IMEP, has a
certain satus or gpplies specid methodology is, in itsdf, not sufficient. These inditutes must
provide detailed information about their experimental work (See Section 4.2). Such
documentetion is necessary in order to creste confidence in the certified vaues. The
inditutes may dso refer to other documents, eg. publications, results from high-leve
interlaboratory comparisons, method vaidation studies to support their clams. Failure of
providing suffident information, entitles the IRMM to exclude data when cdculating the
certified value. In case the IRMM decides that there is not enough supportive information to
edtablish a certified vaue for a specific component, this component may be excluded from
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the certificate, or the certificate will clearly indicate that the numbers given are for
information.

Any queries related to the submitted results are handled through direct contacts between the
indtitutes and IRMM. The inditutes are informed about excluson of results, and are able to
check and comment on the report and certificates.

5.3.2. Discussion and re-examination of submitted data

When two or more ingtitutes have reported a reference measurement procedure value, the
garting point for the evauation has been that the vaues should agree within the respective
dtated expanded uncertainties. If this is not the case, the inditutes have been notified about
the situation and asked to check calculations and report back. Discrepancies are handled
case by case, and any information about the measurement procedure and the uncertainty
evauation provided is taken into account.

5.3.3. Uncertainty of the IMEP-17 reference value

Where two or more accepted reference measurement procedure values are available, the
average is normaly taken as the estimate of the value of the measurand. The associated
uncertainty is caculated by combining the individualy reported uncertainties. In case results
do not agree within the stated uncertainties, an additiona contribution is added that just
covers the between-laboratory variation. All calculations are done using the software GUM
Workbench R0]. To be fit for purpose, the uncertainty of the certified vaue must be
ggnificantly smdler (preferably by a factor of 5 to 10) than the range of data reported at
routine level.
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6. Results of the certification campaign

6.1. Overview of reported results

The reference measurement procedure values obtained from measurements on the two test
materids are grouped, and briefly commented on, component by component in tables
below.™ In agreement with the ingtitutes, the link between the result and the contributing
indtitute is displayed. Each table contains the reported value(s) and uncertainty statement(s),
the acronym for the measurement method, and the IMEP-17 reference vaue with its
uncertainty. The uncertainties presented in the tables are expanded uncertainties (U=Kk-u)
with a coverage factor k equa to two. Results reported in volumetric units have been re-
calculated based on the measured dengty at 22 °C.

By December 2001, the twelve indtitutes had reported 64 results. A few results had firgt to
be discussed in the frame of CCQM comparisons and were received later (Table 4). Only
five out of 69 assgnments could not be completed. Forty-eight uncertainty budgets from
eleven indtitutes had been provided to support the measurements. Eight uncertainty budgets
from two indtitutes did not contain afunctiond reationship.

The mgority of the reference measurement procedure values were obtained by applying
IDMS in a primary way. Other internationa reference measurement procedures (IFCC
methods), specid techniques (NAA) and well validated clinica reference methods were also
used.

Table 4. Overview of certification assignmentsin IMEP-17.

Institute Assignments Reported Uncertainty

results statements
DGKC-Bonn 5 5 5
DGKC-Hannover 10 10 10
IRMM 6 6 6
IRMM/SP 4 4 4
NRCCRM 3 3 3
KRISS 9 5 5
PTB 11 13 13
LGC 5 5 5
ETH 3 2 2
BAM 3 3 3
NIST 6 7 7
EMPA 4 4 4
S 69 67 67

" Further details about the reference measurement procedures can be obtained from each contributing
institute.
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6.2. Inorganic components

6.2.1. Calcium
Five IDMS reaults from four inditutes are used. Two additional vaues exist. One is
excluded since the reported uncertainty exceeds the set target value for uncertainty (296).
The result obtained by 1CP-OES is suspected to be dightly biased (-2%) and omitted in the
cdculation of the reference vdue. The five IDMS results agree within the dated
uncertainties. The results are linked to a CCQM pilot study on calcium [4].

Table 5. Reference measurement procedure values and IMEP-17 reference value for
calciumin Material 1.

Ingtitute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kg)
IRMM ID-TIMS 2277 910° 0,009 910
PTB ID-TIMS 2,28510° 0,015-10°
LGC ICP-OES (2,226:10°) (0,019-10%)
BAM ID-TIMS 227310° 0,012-10°
NIST-2 ID-TIMS 2,286 6:10° 0,008 9-10°
NIST-1 ID-ICP-MS 2,286 3-10° 0,009 610°
KRISS ID-ICP-MS (2,208:10°%) (0,088:10°%)
IMEP-17 reference value 2,281 810° 0,005 010
IMEP-17 certification
Caresults, Material 1
2,32
NIST 2
— 2,30 A IRMM
B
bod
§, 2,28 A {
=
S 5 NIST 1 PTB
BAM
2,24
Laboratory

Figure 1. Graphical display of reference measurement procedure

values for calciumin Material 1.

6.2.2. Chloride

Two indtitutes provided results for chloride in Materid 1. At firg, they did not agree within
the stated uncertainties. The coulometric method was re-examined and new measurements
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performed. The new results brought the two results closer by about 1%. The reason for the
initid discrepancy has not been darified but is believed to be associated with a certified
reference material. The problem has been discussed among European EQA scheme
organisers and some clinical reference measurement laboratories. The resulting uncertainty of
the reference vaue is not entirdy satisfactory. There seems to be a need to discuss, further,
the various standards (matrix CRMs and pure compounds), which are available for this
application. The PTB dso applied a titrimetric procedure that gave results concordant with

IDMS.

Table 6. Reference measurement procedure values and IMEP-17 reference value for
chloride in Material 1

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kg)
PTB ID-ICP-MS 0,101 20 0,000 80
DGKC-Hannover Coulometry 0,0999 0,0020
IMEP-17 reference value 0,100 6 0,0011

[CI/(mmol/kg)

105

103 +

101 +

99 A

97 1

95

IMEP-17 certification
Cl results, Material 1

PTB

DGKC

Laboratory

Figure 2. Graphical display of reference measurement procedure
values for chloride in Material 1.

6.2.3. Copper
Four inditutes measured copper in one or both materials resulting in three reference
measurement procedure vaues for each materid. One indtitute resubmitted its results after
having discovered that an erroneous vaue for amolar mass had been used.
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Table 7. Reference measurement procedure values and IMEP-17 reference value for

copper in Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kg)
IRMM/SP ID-ICP-MS 17,1810° 0,1110°
NRCCRM ID-TIMS 17,02:10° 0,16:10°
EMPA ID-ICP-MS 17,3310° 0,20-10°
IMEP-17 reference value 17,1810° 0,10-10°
IMEP-17 certification
Cu results, Material 1
17,8
17,6 A
S 17,4
3
f:; 17,2 {
= | EMPA
o 170 { IRMM/SP
16,8 1 NRCCRM
16,6
Laboratory

Figure 3. Graphical display of reference measurement procedure

values for copper in Material 1.
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Table 8. Reference measurement procedure values and IMEP-17 reference value for
copper in Material 2.

Institute M easur ement Value Expanded uncertainty
method (mol/kQ) U, k=2 (mol/kQ)
IRMM/SP ID-ICP-MS 16,07-10° 0,10-10°
EMPA ID-ICP-MS 16,31-10° 0,13-10°
BAM ID-TIMS 15,95-10° 0,28:10°
IMEP-17 reference value 16,11.10° 0,11-10°

IMEP-17 certification
Cu results, Material 2
16,8
16,6 A
~ 16,4 1 {
(@]
2
S 16,2 A
£
< 16,0 | EMPA
3
= 15,8 1 IRMM/SP
15,6 A
BAM
15,4
Laboratory

Figure 4. Graphical display of reference measurement procedure
values for copper in Material 2.

6.2.4. lron

One indtitute has measured iron in Materid 1. Some technica problems were observed
during the measurements. Different spiking ratios gave dightly different results and the reason
for the problem has not yet been fully explained.

Table 9. Reference measurement procedure value and IMEP-17 reference value for iron
in Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2(mol/kg)
IRMM ID-TIMS 18,9510° 0,5310°
IMEP-17 reference value 18,9510° 0,5310°
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6.2.5. Selenium
Two inditutes provided reference measurement procedure vaues for selenium in Materid 1
with good agreement. Although the uncertainty is fairly large, the resulting IMEP-17 valueis

fit for purpose.

Table 10. Reference measurement procedure value and IMEP-17 reference value for
seleniumin Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
IRMM NAA 0,997-10° 0,050-10°
LGC ID-ICP-MS 1,002:10° 0,04810°
IMEP-17 reference value 1,000-10° 0,034-10°
IMEP-17 certification
Se results, Material 1
1,15
1,10 A
S 1,05
3
€ 1,00 A1
2
g 0,95 -
0.90 RvM  LGC
0,85
Laboratory

Figure 5. Graphical display of reference measurement procedure
values for seleniumin Material 1.
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6.2.6. Zinc

Three indtitutes measured zinc in one or both materias. The results from EMPA have been
excluded in the caculation of the reference measurement procedure vaue due to a
sugpected positive bias larger than the reported uncertainty.

Table 11. Reference measurement procedure value and IMEP-17 reference value for
zinc in Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
NRCCRM ID-TIMS 15,65-10° 0,13-10°
BAM ID-TIMS 16,25-10'6 0,67-10'6
EMPA ID-ICP-MS (17,31-10°) (0,36:10°)
IMEP-17 reference value 15,95-10° 0,34-10°
IMEP-17 certification
Zn results, Material 1
18,0
17,5 1
BAM
S 17,0
E
16,5 1
S NRCCRM
i 16,0 A
15,5 1 3
15,0
Laboratory

Figure 6. Graphical display of reference measurement procedure
values for zinc in Material 1.
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Table 12. Reference measurement procedure value and IMEP-17 reference value for
zinc in Material 2.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
BAM ID-TIMS 28,9910° 0,28-10°
NRCCRM ID-TIMS 28,45-10'6 0,14-10'6
EMPA ID-ICP-MS (32,6810°) (091-10°)
IMEP-17 reference value 28,72:10° 0,28-10°
IMEP-17 certification
Zn results, Material 2
29,8
29,4 A
=)
= 290
€
\3 28,6
s { BAM
28,2
NRCCRM
27,8
Laboratory

Figure 7. Graphical display of reference measurement procedure
values for zinc in Material 2.
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6.2.7. Potassium
Two inditutes measured potassum in the two materias with good agreement but with large
differences in uncertainty. Since the routine interlaboratory variation of potassum resultsis
only afew per cent, the IDMS vdue is chosen as the IMEP-17 reference value. The good
agreement between IDMS and FAES is however satisfactory. The PTB dso applied an ion
chromatographic procedure with concordant results.

Table 13. Reference measurement procedure value and IMEP-17 reference value for
potassium in Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
PTB ID-ICP-MS 3651.10° 0,019-10°
DGKC- FAES 362:10° 01310°
Hannover
IMEP-17 reference value 3,65110° 0,01910°
3,90
IMEP-17 certification
3,80 1 K results, Material 1
2
= 3,70 1
£ 3
§ 3,60
X PTB
3,50
DGKC
3,40
Laboratory

Figure 8. Graphical display of reference measurement procedure
values for potassiumin Material 1.
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Table 14. Reference measurement procedure values and IMEP-17 reference value for
potassiumin Material 2.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
PTB ID-ICP-MS 5,598-10° 0,028:10°
DGKC FAES 557-10° 013107
Hannover
IMEP-17 reference value 5,598:10° 0,028:10°
5,90
5 80 | IMEP-17 certification
' K results, Material 2
S 5,70 1
g 5,60 1 ¢
< 550 PTB
5,40 1 DGKC
5,30
Laboratory

Figure 9. Graphical display of reference measurement procedure
values for potassium in Material 2.
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6.2.8. Magnesium
Results from three inditutes were provided for magnesum in the two materials. The results
from ETH were excluded since they in both cases are suspected to have a negative bias
larger than the reported uncertainty. The cdibration materid used by ETH, a commercia
Mg solution, is not as well characterised as the materiads used by IRMM/SP and PTB. The
PTB dso gpplied an ion chromatographic procedure with concordant results.

Table 15. Reference measurement procedure values and IMEP-17 reference value for
magnesium in Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kg)
IRMM/SP ID-ICP-MS 0,790 010° 0,006 8:10°
PTB ID-ICP-MS 0,798 0-10°® 0,008 0-10°®
ETH ID-TIMS (0,757:10°) (0,015:10°%)
IMEP-17 reference value 0,794 0-10° 0,005 2:10°
IMEP-17 certification
Mg results, Material 1
0,820
0,810
2 0,800 -
2
£ 0,790 -
5 0,780 - P18
z IRMM/SP
0,770
0,760
Laboratory

Figure 10. Graphical display of reference measurement procedure
values for magnesiumin Material 1.
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Table 16. Reference measurement procedure values and IMEP-17 reference value for
magnesium in Material 2.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
IRMM/SP ID-ICP-MS 1,280-10° 0,010-10°
PTB ID-ICP-MS 1,297-10'3 0,013-10'3
ETH ID-TIMS (1,239-10%) (0,024-10%)
IMEP-17 reference value 1,289-10° 0,010-10°
IMEP-17 certification
Mg results, Material 2
1,32
1,31 1
S 1,30 -
S 1,291
IS
E 1,281 { PTB
S 1,27 -
- IRMM/SP
1,26 1
1,25
Laboratory

Figure 11. Graphical display of reference measurement procedure
values for magnesiumin Material 2.
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6.2.9. Lithium
Lithium was measured only in Materid 2. Results from two inditutes, established with
primary methods, were provided. The PTB aso applied an ion chromatographic procedure

with concordant results.

Table 17. Reference measurement procedure values and IMEP-17 reference value for
lithiumin Material 2.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2 (mol/kQ)
IRMM ID-TIMS 0,882 1.10° 0,007 4-10°
PTB ID-ICP-MS 0,887-10° 0,012:10°
IMEP-17 reference value 0,884 610 0,007 010°
IMEP-17 certification
Li results, Material 2
0,910
0,900 -
=)
% 0,890
IS
% 0,880 1 {
B 0,870 A IRMM PTB
0,860
Laboratory

Figure 12. Graphical display of reference measurement procedure
values for lithiumin Material 2.
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6.2.10. Sodium

Two inditutes measured sodium in Materid 1. One reported result was established using
gravimetry in a primary way. Although the vaues agree within the stated uncertainties, the
actud difference and the uncertainty of the FAES method is large. An average is used but
the caculated IMEP-17 reference vdue is likey only to confirm the small spread of the
routine participants for this application

Table 18. Reference measurement procedure values and IMEP-17 reference value
for sodiumin Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kQ) U, k=2(mol/kg)
PTB Gravimetry 137,80 -10°® 0,60-10°
DGKC FAES 136,6:10° 1,710°
Hannover
IMEP-17 reference value 137,20-10° 0,89-10°
IMEP-17 certification
Na results, Material 1
140
139 A
138 1 T {
—g 137 1
g 1S
£
% 136 1
135 1 L
134 1
133

Figure 13. Graphical display of reference measurement procedure
values for sodium in Material 1.

6.3. Organic components

6.3.1. Glucose

Glucose was messured by three indtitutes in the frame of this cetification exercise.
Additiona results are available in CCQM key comparison co-ordinated by NIST [5] and
the Euromet 563 project [7]. Results for Materid 1 agree well. The spread of results is
larger than expected for Materid 2 and no reason has so far been found. Although the
method used in the homogeneity study was not precise enough, the between-vid variation
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for measurements at the various ingtitutes do not indicate that the homogeneity is larger for
Materia 2.

Table 19. Reference measurement procedure values and IMEP-17 reference value
for glucose in Material 1.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2(mol/kg)
KRISS ID-GCMS 4,303-10° 0,061-10°
PTB ID-GCMS 4,304-10° 0,054-10°
NIST ID-GCMS 4,330-10° 0,045-10°
IMEP-17 reference value 4,312:10° 0,031:10°

IMEP-17 certification
Glucose results, Material 1
4,45
4,40 -
E;
= 4,35 -
(@]
£
= 4,30 1
b
o NIST
S 4,25 - S
e KRiss 1B
4,20 A
4,15
Laboratory

Figure 14. Graphical display of reference measurement procedure
values for glucose in Material 1.
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Table 20 Reference measurement procedure values and IMEP-17 reference value for
glucose in Material 2.

Institute M easur ement Value Expanded uncertainty
method (mol/kg) U, k=2(mol/kg)
KRISS ID-GCMS 8,0810° 0,14-10°
PTB ID-GCMS 8,404-10° 0,08510°
NIST ID-GCMS 8,184-10° 0,08510°
IMEP-17 reference value 8,22:10° 0,17-10°
IMEP-17 certification
Glucose results, Material 2
8,6
8,5 1
S 84 {
2 83
£ PTB
= 821 {
(O]
§ 8,1
g 8.0 1 NIST
7917 KRISS
7.8
Laboratory

Figure 15. Graphical display of reference measurement procedure
values for glucose in Material 2.
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6.3.2. Cholesterol
Measurements of cholesterol with primary methods are well established. The CCQM has
already conducted a key comparison [5]. Recently other CCQM members took part in
bilaterd studies on cholesteral with the samples for IMEP-17. The three results obtained in
the frame of this certification exercise agree wll.

Table 21. Reference measurement procedure values and IMEP-17 reference value for
cholesterol in Material 1.

Ingtitute M easur ement Value Expanded uncertainty
method (mol/kQ) U, k=2(mol/kg)
PTB ID-GCMS 4,968-10° 0,050-10°
LGC ID-LCMS 5,022:10° 0,012:10°
NIST ID-GCMS 4,997-10° 0,017:10°
IMEP-17 reference value 4,99610° 0,018-10°
IMEP-17 certification
Cholesterol results, Material 1
5,15
S 5101
E 5,05 -
E 3
S 5001 ? LGC
% 4,95 - NIST
S
5 4901 PTB
4,85
Laboratory

Figure 16. Graphical display of reference measurement procedure
values for cholesterol in Material 1.

28




6.3.3. Creatinine
Measurements of creetinine with primary methods are well established. The CCQM has
already conducted asuccessful pilot study, and the results reported here were part of the
key comparison. The procedure applied by IRMM had been adapted from DGKC
protocols, and thiswas the first time IRMM used it in a certification exercise.

Table 22. Reference measurement procedure values and IMEP-17 reference value
for creatininein Material 1.

Ingtitute M easur ement Value Expanded uncertainty
M ethod (mol/kQ) U, k=2(mol/kg)
KRISS ID-LCMS 72,410° 1,4-10°
LGC ID-LCMS 72,4310° 0,2810°
PTB ID-GCMS 72,62:10° 0,8810°
NIST ID-GCMS 73,17:10° 0,90-10°
IRMM ID-GCMS 73,910° 1,910°
IMEP-17 reference value 72,90-10° 0,53-10°
IMEP-17 certification
Creatinine results, Material 1
77
76 )
S 75
3
g/_ 74 A P
@
£ 731 }
S
5 721 t NIST o
S, L6C  prg IRMM
71
KRISS
70
Laboratory

Figure 17. Graphical display of reference measurement procedure
values for creatinine in Material 1.
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Table 23. Reference measurement procedure values and IMEP-17 reference value for
creatinine in Material 2.

Institute M easur ement Value Expanded uncertainty
Method (mol/kg) U, k=2(mol/kg)
KRISS ID-LCMS 163,9-10° 2,810°
LGC ID-LCMS 164,70-10° 0,55:10°
NIST ID-GCMS 165,4-10° 2,0-10°
IRMM ID-GCMS 165,5-10'6 4,2-10'6
PTB ID-GCMS 165,7-10° 2,110°
IMEP-17 reference value 165,0-10° 1,2:10°
IMEP-17 certification
Creatinine results, Material 2
171

= 169 1 T

E 167 A

3 *

< 165 - E

§ 193] L6C o NsT  PTB

© 161 -

KRISS IRMM
159
Laboratory

Figure 18. Graphical display of reference measurement procedure
values for creatinine in Material 2.
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6.3.4. Urea, uric acid, thyroxine (T4), aloumin, amylase, IgG and gGT

For these components only one reference measurement procedure vaue from ether of the
two DGKC laboratories is avalable (Table 24 and Table 25). ID-GC-MSwas applied for
urea and uric acid. ID-LC-MS was gpplied for thyroxine (T4). RID was used in the
measurement of albumin and 1gG, and enzymatic methods were gpplied in the determination
of amylase and g-GT according to Section 5.2.7. The vaues were reported in concentration
units and have been reca culated in the two tables below.

Table 24. Reference measurement procedure values for urea, uric acid, thyroxine
(T4), albumin, amylase, 1gG and g¢-GT in Material 1.

mR ef err errln cem Expanded
Institute Component casuremet uncertainty Unit
procedure _
U, k=2
value
DGKC-Bonn Urea 4,66510° 0,04810° mol/kg
DGKC-Bonn | Thyroxine (T4) 95,4-10° 1,310° mol/kg
DGKC-Bonn Uric acid 302,010° 5,6:10° mol/kg
DGKC-
Harmover gGT 3392 091 U/kg
DGKC-
Hannover Amylase 55,5 25 U/kg
DGKC- .
Hannover Albumin 40,6 2,7 gkg
DGKC-
Harmover IgG 10,23 047 gkg

Table 25. Reference measurement procedure values for urea, uric acid, amylase

and gGT in Material 2.

mescurement || EXPaNdeC
Institute Component uncertainty Unit
procedure _
U, k=2
value
DGKC-Bonn Urea 9,85-10° 0,13-10° mol/kg
DGKC-Bonn Uric acid 530-10° 1610° mol/kg
DGKC
Harmover gGT 711 18 U/kg
DGKC Amylase 86,4 38 U/kg
Hannover
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7. Summary and conclusions

The outcome of the certification campaign for IMEP-17 is summarised in Table 26 and
Table 27.

The IMEP-17 reference vaues are dso reported in units commonly used in routine
laboratory medicine (Table 28 and Table 29). These units will be used in the graphicd

display of IMEP-17 that will be included in the report to the participants. The choice of units
is based on the method coding system developed by Labquality (Finland) [21]. The
conversion from amount content or mass fractions is based on the measured dengity at 22
°C (Section 3.2.3). The converson takes into account the uncertainty of the measured
dengty except in the case where a Sngle indtitute submitted results in volumetric units.

The overdl result for the twenty components is very satisfactory. It proves that NMIs and
RMLs, in only a few years have acquired sufficient competence with reference
measurement procedures to support routine laboratories.

In recent years, IRMM has offered the test materias from IMEP comparisons for use in
paralel comparisons. This has been done in collaboration with regiond and international
metrology organisations (Euromet and CCQM) and accreditation bodies (EA). Thisis done
adso in IMEP-17 (Section 1.2) and has severd advantages. It makes an efficient use of
expendve tet maerids, and contributes to the edablishment of an internationd
measurement infragtructure. Where possible, future certification campaigns should dso be
linked to production of certified RMs. The idea was discussed in the beginning of this
project but the production facilities did not allow larger serum volumes. A few hundred sets
of samples do however reman. These will be used to support routine laboratories or
ingtitutes developing reference measurement procedures the next few years.

Tables 26-29 conditute the basis for the certificates that will be issued by IRMM as a
product of this work [22-23]. This report and the certificates will be digtributed to al
IMEP-17 co-ordinators and displayed on www.imep.ws.

Acknowledgement-We are very grateful to Mrs C. Harper, Mrs M. De Smet and Mrs P.
Smeyers (IRMM) for ther logistic and secretarid assstance throughout the certification
campaign, and to al staff at the indtitutes who contributed to the reference measurements.
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Table 26. IMEP-17 reference values for components in serum material 1, expressed as
amount-of-substance content, mass fraction or catalytic activity content. For amylase
and g-GT, the coverage factor required to obtain a 95% confidence interval is 2,8.

. IMEP-17 Expanded uncertainty
Component Unit reference value U, k=2
Ca mol/kg 2,281 810° 0,005 010°
cl mol/kg 0,100 6 0,001 1
Cu mol/kg 17,18-10° 0,10-10°
mol/kg 18,9510° 0,53-10°
K mol/kg 3,651:10° 0,019-10°
Mg mol/kg 0,794 0-10° 0,005 2:10°
Na mol/kg 137,2010° 0,89:10°
Se mol/kg 1,000-10° 0,034-10°
Zn mol/kg 15,95-10° 0,34-10°
Glucose mol/kg 4,312:10° 0,031-10°
Cholesterol mol/kg 4,99610° 0,01810°
Credtinine mol/kg 72,90-10° 0,53-10°
Urea mol/kg 4,66510° 0,04810°
Uric acid mol/kg 302,0.10° 5,6:10°
Thyroxine (T4) mol/kg 95,4-10° 1,310°
Albumin okg 40,6 27
1gG okg 10,23 047
Amylase U/kg 55,5 25
gGT Ulkg 3392 091
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Table 27. IMEP-17 reference values for serum material 2, expressed as amount-of-

substance content or catalytic activity content.

Component it | MERLT ] Expanded uncarainy
Cu mol/kg 16,11-10° 0,11-10°
K mol/kg 5,598-10° 0,028-10°
Mg mol/kg 1,289-10° 0,010-10°
Zn mol/kg 28,72:10° 0,28-10°
Li mol/kg 0,884 6:10° 0,007 010
Glucose mol/kg 8,22:10° 0,17-10°
Creatinine mol/kg 165,0-10° 1,210°
Urea mol/kg 9,85.10° 0,13-10°
Uric acid mol/kg 530-10° 16:10°
Amylase U/kg 86,4 38
gGT U/kg 711 18
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Table 28. IMEP-17 reference values for serum material 1, expressed as amount-of-
substance concentration, mass concentrations or catalytic activity concentration. For
amylase and g-GT, the coverage factor required to obtain a 95% confidence interval is
2,8.

Component Unit ; ef(Ierl\gE;\l/leue ExpandleJo’I szgertai nty
Ca mmol/L 23342 0,006 9
Cl mmol/L 102,9 11
Cu pmol/L 17,57 0,10
pmol/L 19,39 054
K mmol/L 3,735 0,021
Mg mmol/L 08123 0,005 6
Na mmol/L 140,36 0,95
Se pmol/L 1,022 0,035
Zn pmol/L 16,32 0,35
Glucose mmol/L 4412 0,033
Cholesterol mmol/L 5111 0,021
Credtinine pumol/L 7457 057
Urea mmol/L 4,772 0,049
Uric acid pumol/L 308,9 57
Thyroxine (T4) nmol/L 97,6 13
Albumin gL 415 27
1gG gL 1047 048
Amylase U/L 56,8 26
gGT U/L 34,70 0,93
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Table 29. IMEP-17 reference values for components in serum material 2, expressed as
amount-of-substance concentration, mass concentration or catalytic activity
concentration.

Component Unit ref(Ierl\grllch-\l/ZI ue ExpandLef E:;eftai "
Cu pmol/L 16,48 0,12
K mmol/L 5,727 0,031
Mg mmol/L 1,318 0,010
Zn pmol/L 20,38 0,29
Li mmol/L 0,904 9 0,007 4
Glucose mmol/L 841 0,18
Cregtinine pmol/L 168,8 13
Urea mmol/L 10,08 0,13
Uric acid pumol/L 542 16
Amylase U/L 834 39
gGT U/L 72,7 19
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