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Summary: In clinical chemistry today there are often several different methods and instruments in use for the
analysis of a particular constituent. When these different methods and instruments are used for careful analysis of
the same control specimen, as in assigned value determinations, the assigned values obtained may be significantly
different, and these differences may be of clinical importance. In order to determine the reasons for such differences, reference systems or reference points are needed. The reference systems for calibration (calibration materials,
standard reference materials) and control (control materials), where the matrices of these different materials must
have quite different characteristics, are referred to jointly as reference materials. In order to compare methods,
reference methods are needed with known, high reliability. Because of the amount of specimen material needed, the
time needed for analysis and the facilities required, reference methods are not suitable for routine analysis. Ideally,
standard reference materials are developed first, followed by a definitive method, which is then used to evaluate a
candidate reference method. This is currently the case for only a small number of the constituents analyzed in the
clinical chemistry laboratory. In this paper the characteristics of the different kinds of reference materials and of
reference methods are described. The differences in terminological usage found in the literature are discussed.
Limitations of knowledge and technique may necessitate certain compromises, with respect to the ideal characteristics of reference materials and reference methods. Possible compromises are discussed, and the various sources
of error associated with them are pointed out.
However, these compromises can also lead to improvement in the reliability and comparability of analytical results
from different laboratories. As an example of such improvement, the results are presented for assigned value determinations by highly qualified reference laboratories on control specimens for interlaboratory surveys; the decision
limits are included and the results are compared with those of the survey participants.
Thus various ways are indicated for the use of reference materials and reference methods to improve the reliability
and comparability of analytical results, suited to the current state of the art.
Referenzmaterialien und Referenzmethoden in der Klinischen Chemie
Zusammenfassung: Derzeit werden in der Klinischen Chemie für die Untersuchung desselben Bestandteiles häufig
eine größere Zahl verschiedener Methoden und Geräte benutzt, die bei sorgfältiger Analyse derselben Kontrollprobe
zu signifikant verschiedenen Sollwerten fuhren, deren Unterschiede diagnostisch bedeutsam sind. Für die Aufklärung
dieser Unterschiede und ihrer Ursachen werden Bezugssysteme benötigt. Die Bezugssysteme für die Kalibration
(calibration materials, standard reference materials) und fur die Kontrolle (control materials), die sehr unterschiedliche Matrix-Eigenschaften haben sollen, werden unter dem Begriff Reference Materials zusammengefaßt. Für den
Methodenvergleich werden Referenzmethoden mit genau bekannter hoher Zuverlässigkeit benötigt; sie sind infolge
der benötigten Probemenge, Analysendauer und Einrichtungen nicht für Routineuntersuchungen geeignet. Im Idealfall werden nacheinander Standard Reference Materials und eine Definitive Method entwickelt, an der eine Reference
Method dann geprüft wird. Dieser Idealfall ist derzeit nur bei einem kleinen Teil der in der Klinischen Chemie untersuchten Bestandteile gegeben. In der vorliegenden Arbeit werden die Charakteristika der verschiedenen Referenzmaterialien und der Referenzmethoden beschrieben. Der unterschiedliche Inhalt und Gebrauch der Begriffe in der
Literatur wird gegenübergestellt.

1

) Based ön a talk given at a plenary session of the conference "Biochemische Analytik 78" in Munich, April 18-21,1978, in
honour ofrProfessor Adolf Butenandt on the occasion of his 75th birthday.
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Es wird gezeigt, welche Kompromisse gegenüber den Idealforderungen aufgrund unserer derzeit begrenzten Kenntnisse und technischen Möglichkeiten eingegangen werden. Auf die mit diesen Kompromissen verbundenen Irrtumsmöglichkeiten wird hingewiesen.
Diese Kompromisse können aber auch eine Verbesserung der Zuverlässigkeit und der Vergleichbarkeit der Analysenergebnisse aus verschiedenen Laboratorien bewirken.
Als Beispiele dafür werden die Ergebnisse der Sollwert-Ermittlung in Kontrollproben in qualifizierten Referenzlaboratorien und die Festlegung der Bewertungsgrenzen für Ringversuchsproben mit Routinemethoden mitgeteilt und den
Ergebnissen der Teilnehmer gegenübergestellt.
Damit werden, angepaßt an den jeweiligen Stand der Kenntnisse und technischen Möglichkeiten, verschiedene Wege
für den Einsatz von Referenzmaterialien und Referenzmethoden zur Erzielung zuverlässiger und vergleichbarer Analysenergebnisse aufgezeigt.

Introduction
All clinical chemical findings, whether used for research
purposes or as part of patient care, should be based on
reliable and comparable analytical results. The required
reliability and comparability of analytical results can be
assured only if suitable reference systems are available
for calibration and control of the analyses and for
comparison of analytical methods.

agencies, professional associations and health industries
in the United States. All participants received position
papers (e. g. 1. c. (4-7)) by mail prior to the conference,
part of the excellent conference planning. The results
of the discussions at this conference have been taken
into consideration in the present paper.
1. Problems in Clinical Chemical Analysis

Most of the analytical methods used in clinical chemistry
The reference systems or reference points for calibration
and control are referred to as reference materials (1), and involve measurements of a relative nature, i. e., the
analytical result from a patient specimen is determined
those for the comparison of methods as reference
methods (2, 3). Unfortunately these terms mean different by comparing the reading made on this patient specimen
things to different authors (1, 8). A discussion of differwith the reading made on a standard of known concentraences in usage is urgently needed, and this is one of the
tion. Only highly purified, defined standards (8) should
tasks of this paper. Interwoven into this discussion are
be used as the basis of such relative measurements.
suggestions by the author on standardization of termiIn clinical chemistry it often happens that the specimen
nology.
size and the time available for analysis are so limited that
No new formal model is presented, however. Rather, the
it is not possible to carry out the separation operations
discussion is based on the actual situation in clinical
necessary for a completely specific determination. As a
chemistry today. It includes an examination of the
result, only a very few completely specific methods are
characteristics of optimal reference materials and
available for routine determinations; in most cases the
reference methods, a discussion of the compromises
analytical results from patient specimens include the
necessary in light of our current knowledge and technical influence of nonspecific components.
possibilities, and the extent to which these compromises
An analytical assessment of analytical results is therestill permit reliable analytical results.
fore possible only if all of the reliability criteria (2, 3, 9)
Following a discussion of the particular problems asso(tab. Irl) for the method used are evaluated during the
ciated with clinical chemical analysis there are separate
development, of the method, described when the method
sections on reference materials and reference methods,
is published and Devaluated when an individual laboratory
including their function, the resulting requirements and
begins to use the method. Beyond this, precision, accuthe different kinds of reference materials and methods.
racy and specificity along with its possible influence on
Because of the niany ways in which reference materials
accuracy require regular monitoring through an· effective
and reference methods influence each other, numerous
system of quality control (13—16); suitable control
references to preceding and following sections are
specimens are needed for this purpose. They must «be as
necessary. Practical experience with reference materials
similar to the patient specimens as possible (8), i. e. they
and reference methods and the improvement in reliability must include the same nonspecific components,' if
and comparability which has been made on the basis of
. monitoring is to be effective. The analytical results
this experience are .discussed in the final section.
obtained from optimal standards, optimal controlOn November 16 and 17,1977, a conference was held in specimens and patient specimens can be expected to
be affected by different components (tab. 1-2).
Atlanta, Georgia, USA on "A National Understanding
for the Development of Reference Materials and Reference Methods for Clinical Chemistry". The participants
were experts from the relevant federal government

In order to evaluate or compare analytical methods
and to estimate the "true value" of constituents in
control specimens, particularly reliable analytical
J. Clin. Chem. Clin. Biochem. / Vol. 17,1979 / No. 5
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Matrix

Most reference materials contain one or more components in addition to the analyte. In the case of a primary
standard solution it is the pure diluent, whereas with
Precision
Agreement between replicate measurements. It
control
specimens there are many components, both
(2, 6)
has no numerical value.
major and minor. The sum of the major and minor
Imprecision
Standard deviation or coefficient of variation
(2, 6)
of the results in a set of replicate measurements. components and their structures, in which the analyte
The mean and number of replicates must be
is embedded, i. e. the environment surrounding the
stated, and the design (within-day, between-day, analyte, is referred to as the matrix (4).
between-laboratory) described.
It is useful here to differentiate among various kinds of
Accuracy
Agreement between the best estimate of a
matrix (4) (tab. 2-1).
(2, 6)
quantity and its "true value". It has no
numerical value.
Inaccuracy
Numerical difference between the mean of a
(2, 6)
set of replicate measurements and the "true
Basic requirements (8)
value". This difference (positive or negative)
1. Standards and control specimens must be used
may be expressed in the units in which the
quantity is measured, or a percentage of the
completely independently of one another.
"true value".
2. Standards should be as highly purified and well
Specificity
The ability of an analytical method to deterdefined as the state of the art allows. Ideally, solu(2, 9-11, 13) mine solely the component(s) it purports to
measure.
tions would be prepared using well-defined solvents
only.
Detection limit Analytical result which is clearly detectable
(12,13)
and different from the background noise
3. The matrix of the control specimens should be as
defined as three standard deviations of the
appropriate blank value.
much like the matrix of the specimens to be examined
as possible so that procedural deficiencies and interference factors due to the matrix of the specimens
can be monitored.
Criterion
(Reference)

Definition

methods are required. Among other things, they should
allow separation of all nonspecific components. Such
methods, usually too complicated to be used in routine
analysis, are called reference methods.
2. Reference Materials
According to a tentative definition of the International
Organization for Standardization OSO), a reference
material is "a material or substance one or more properties of which are sufficiently well established to be
used for the calibration of an apparatus or for the
verification of a measurement method" (17),
According to this definition, the term reference material
includes both standards arid control specimens. -

2.1 Standards
A prerequisite for a reliable measurement is knowledge
of the exact amount of the analyte in the standard or
standard solution. It is customary to distinguish between two types of standards (8,13) and solutions made
from them (tab. 2-2).
In clinical chemistry it is difficult to obtain primary
standards which meet the specifications of the International Union of Pure and Applied Chemistry (IUPAC)
(19). Because of this the National Bureau of Standards
(NBS) in the United States has recently begun supplying
primary standards (1, 20) with official certificates which
are suitable for clinical chemical analysis (tab. 2-3) or for
monitoring spectrometers and thermometers.

Tab. Ir2. Components of analytical results.
Solutions
(Index)

Reading
(E)

"

Primary standard solution (S)
Control specimen (C)
(Standard specimen)
Patient specimen (P)

ES

°TS

EC

CTC

Ep

CTP

J. Clin. Chem. Clin. Biochem. / Vol. 17,1979 / No. 5

Components
Best
* estimate of
"true value"
(T)

Deficiencies Nonspecific Interference
in
component component
procedure ·
.
(D)
(N)
(I)

Result,
e. g.
concentration

* CDS
C

= CS

* DC

* CMC

± CDP

· ± CNP

= cc
± CIP

= CP
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Tab. 2-1. Types of matrix in standards and control specimens.
1. Synthetic matrix
1.1 Pure substance(s) in pure solvent(s)
1.2 Pure substance(s) in pure albumin solution

If such standard specimens are used for the calibration
of methods which are not completely specific, there is a
good deal of uncertainty in the measurements: the
known and unknown nonspecific components contribute
to the reading taken on the standard, and thus the results
found for the patient specimens are determined in part
with reference to undefined or unknown components of
the matrix. Experience has shown that the kind and
quantity of nonspecific components in standard specimens
can vary markedly from lot to lot.

2. Semisynthetic matrix
2.1 Isolated enzyme in pure albumin solution
2.2 Serum preparation spiked with pure substance(s)
2.3 Combination of serum fractions
2.4 Native serum spiked with pure substance(s)
3. Biological matrix
3.1 Native serum spiked with serum fractions
3.2 Native serum pool

Tab. 2-2. Types of standards and standard solutions.

2.2 Control specimens

Standard or Standard Material is a substance of known
purity which is used as the basis for ä comparison of measurements in the determination of this substance or another
substance in a specimen.
Primary Standard:
Mass can be determined
exactly by weighing the
pure substance.

A reading taken on an optimal standard has no matrix
component. If in addition to the defined substances a
standard also contains other known or unknown substances or if its matrix is similar to the specimens
examined, then it is called a standard specimen.

Primary Standard Solution:
Standard solution of known
concentration. Produced by weighing
the primary standard and dissolving
it in a suitable pure or defined
solvent.

Secondary Standard:

Secondary Standard Solution:

Mass can be determined
only indirectly, by
chemical analysis.

Standard solution produced by
dissolving a secondary standard in a
suitable solvent. Determination of
concentration by chemical analysis.
Standard Specimen:
A secondary standard which contains
the same major and minor components as patient specimens. Determination of concentration by
chemical analysis.

Tab. 2-3. Some primary standards currently available from NBS
with Standard Reference Material (SRM) order number.
SRM

Type

91 la
912
913
914
915
916
917
918
919
920
921
924
925
928
929

Cholesterol
99.4
Urea
99.7
Uric Acid
99.7
Creatinine
99.8
Calcium Carbonate
99.9
Bilirubin
99.0
D-Glucose
99.9
Potassium Chloride
99.9
Sodium Chloride
· · 99.9
Z>-Mannitol
99.8
Cortisol
98.9
Lithium Carbonate
100.0
4-Hydroxy-3-methoxymandelic acid (VMA)
99.4
Lead Nitrate
100.0
Magnesium Gluconate
*

Purity

Every quantitative analysis in clinical cherhistry must be
subjected to the best quality control that is possible on
the basis of our present knowledge. A simple but
effective basic program was designed for this purpose
and is laid down in the Guidelines of the Medical
Society of West Germany (Bundesärztekammer) (14, 15)
(tab. 2-4).
Control specimens are required for all three parts of
this program. The matrix of these control specimens
plays a major role in the effectiveness of the monitoring
procedures in which the control specimens are used. The
closer the matrix of the control specimen is to that of
the patient specimens the more effective the control
procedures are (8).
The different kinds of control specimens currently in use
are shown in table 2-5.
The criteria that control specimens should meet, and the
testing necessary to insure specimens of high quality

Tab. 2-4. Quality control according to the Guidelines of the
Medical Society of West Germany.
1. Internal quality control

* in preparation

a) Control of precision

b) Control of accuracy
2. External quality control
Interlaboratory surveys

in every run of analyses, even if
the run consists of only one
patient specimen; with precision
control specimen
in at least every 4th run; with
accuracy control specimen
must be run at least three times a
year for each constituent.
specimens shipped by the chief
investigator
evaluation on the basis of
analytical results from independent reference laboratories

J. Clin. Chem. Clin. -Biochem, / Vol. 17,1979 / No. 5
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Tab. 2-5. Types of control specimens.

Control of precision

Types of control specimens (matrix)

Control specimens for precision control should have a
particularly long shelf life because they are used, among
other things, to monitor the long-term stability of
analytical systems. Furthermore, whenever the lot of
the precision control specimen is changed a preperiod
of 20 working days is required to set up a new control
chart (14, 15).

1. Pure solutions (synthetic matrix)
1.1 pure substance(s) in pure solvent(s)
1.2 pure substancc(s) in pure albumin solution
2. Liquid control specimens
(semisynthetic matrix)
2.1 isolated enzyme in pure albumin solution
2.2 serum preparations spiked with pure
substance(s)
2.3 combinations of serum fractions
3. Lyophilizcd control specimens
reconstituted prior to use, limited stability after
reconstitution
3.1 native serum spiked with pure substance(s)
(semisynthetic matrix)
3.2 native serum spiked with serum fractions
(biological matrix)
4. Frozen control specimens
(biological matrix)
limited stability after thawing
4.1 native urine and scrum specimens
4.2 spiked native urine or serum specimens
are described in detail elsewhere (8, 21, 22). Therefore
only the most important points are mentioned here:
1. The concentration of the constituent being monitored
must be in a range where precise measurement is
possible and which is also relevant to the intended use
of the analytical results.
2. Intervial variability in the concentration of the control
specimen should be negligible compared to the
precision of the analysis.
3. The concentration of the constituents to be monitored
should be stable for a long time under proper storage
conditions in an unopened container.
4. Detailed information should be available on the stability of the concentration of relevant constituents
after the specimen has been thawed or reconstituted
or simply opened.
Liquid control specimens with a semisynthetic matrix
are the easiest to handle. However, this type of matrix
often does not simulate the natural matrix well enough
to assure adequate monitoring of all of the important
interference factors resulting from the natural matrix (8).
A number.of constituents and the natural matrix are
stable for a sufficient length of time in lyophilized form
only. The lyophilized material must be dissolved
(reconstituted) with great care prior to use. The concentration of certain constituents changes more rapidly in
reconstituted specimens than in native specimens. Special
protection against outside influences (e. g. against light
for bilirubin and creatine kinase) may be necessary. The
situation is analogous for frozen specimens after
thawing.
J. Clin. Chem. Clin. Biochem. / Vol. 17,1979 / No. 5

The concentration of the constituents to be monitored
should be close to the most frequent decision limits for
those constituents (15). If the decision limit is near the
detection limit, then a concentration should be selected
which is close to this decision limit but still in a range
which can be measured precisely (8); examples are bilirubin and creatinine in serum and certain enzyme
activities in serum (aspartate and alanine aminotransferase).
Control of accuracy and interlaboratory surveys
For both of these kinds of monitoring control specimens
are needed in which the concentration of the analytes is
known as accurately as possible; the value should be a
good estimate of the "true value". For according to the
definition of the Expert Panel on Nomenclature and
Principles of Quality Control in Clinical Chemistry of
the Internationa] Federation of Clinical Chemistry (IFCC
EP-NPQC) (2), inaccuracy is the deviation from the best
estimate of the "true value". This good estimate of the
"true value" is obtained by means of replicate determinations with what is called a reference method. For a definition of the term reference method and a discussion of
such methods, see Section 3. For analytical methods
which are specific this kind of accuracy control is
certainly an effective way to monitor for systematic
errors.
But since, as has already been mentioned, analytical
results obtained with routine methods may contain
nonspecific components of various sizes (table 1-2),
marked differences are seen between the best estimate
of the "true value" and the location parameter (e. g.
mean, median) of analytical results found with a
routine method which is under control. This location
parameter of analytical results found with a routine
method is called the assigned value. The differences
between a good estimate of the "true value" and the
assigned values obtained with various routine methods
are shown in table 2-6.
Thus the best estimate of the "true value" is not very
well suited for monitoring nonspecific routine methods
for systematic errors. The assigned value would appear
to be a better point of reference for nonspecific routine
methods or those with procedural deficiencies.
The method for assigned value determination successfully
used in the Federal Republic of Germany over the last
several years (23) is described in detail in Section 4. In
interlaboratory surveys decision limits are needed in addi-
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Tab. 2-6. Comparison of assigned values using different methods.
Constituent (unit)
Method

Assigned value
(95% confidence limits)

Creatinine (mg/100 ml) Reg. No. 16900
lyophilized
Jaffe reaction
— after precipitation of 1.12(1.01-1.23)
the protein and
specific adsorption on
Fuller's earth
0.95(0.85-1.05)
- kinetic
1.2 (1.1 -1.3)
— Autoanalyzer

Reg. No. 17100
iyophilized
1.65(1.51-1.79)

1.5 (1.2

-1.7)

- after precipitation of
the protein with trichloroacetic acid

1.39(1.27-1.51)

1.7 (1.5 -1.9)
1.94(1.77-2.11)

Total protein (g/1)

Reg. No. 16900
lyophilized

Reg. No. 16600
liquid v

Kjeldahl method
51.5(50.5-52.5)
Biuret reaction
- without sample blank 56.0(52.0-60.0)

55.0(51.0-59.0)

- with sample blank

55.0(51.0-59.0)

52.0(48.0-56.0)

-

Primary reference materials
This term is to be reserved for those reference materials
which are prepared and whose properties are characterized
with methods which insure that the best possible estimate
of the "true value" is obtained. Thus a primary reference
material would have to be analyzed with a definitive
method (see Section 3), if available; otherwise other
independent methods would have to be used for which
extensive tests have shown that the results obtained are
best possible estimates of the "true value". Primary
reference materials in this sense are the standard
reference materials of the NBS. However, control specimens with a biological matrix which have been prepared
with great care and in which the analytes have been
assayed with a definitive method would also be referred
to as primary reference materials; examples of primary
reference materials are given in Section 4.
Secondary reference materials
This term is used both for pure substances and for
reference materials with all kinds of matrix (tab. 2-1).

For pure substances, purity is to be tested and confirmed
by comparison with primary reference materials. For
tion to the assigned value. The determination of these
secondary reference materials with a more or less
limits is also discussed in Section 4.
complex matrix, concentration is to be determined, if
this is possible, using a reference method and primary
2.3 Kinds of reference materials
reference materials or using methods which have been
The NBS has established a hierarchy of reference materials shown to be equally reliable. The most important use
of such secondary reference materials is in calibration.
(tab. 2-7) (1,4, 5). In this list the adjectives "primary"
and "secondary" are used with a meaning which is
different from that customarily used with standards
Control reference materials
(tab. 2-2).
This term refers to those materials which were described
earlier as control specimens. They should have the
properties already discussed. They are poorly suited or
Tab. 2-7. Hierarchy of reference materials.
unsuitable for calibration of methods which are not
1
completely specific.
Name of material
Synonym/Organization )
1. Primary Reference Material
a) Pure Primary Reference
Material

b) Matrix Primary
Reference Material
2. Secondary Reference
Material

Standard Reference Material
(SRM)/NBS

3. Reference Methods

Reference Material/ISO
Primary Standard Material/
IFCC

There are two different definitions of reference methods,
each including a requirement of good precision (4, 24).
The IFCC EPNPQC (2) defined a reference method äs:

Standard Reference Material
(SRM)/NBS
Reference Material/ISO
Reference Material/ISO
Control Material/IFCC
Reference Material
(Control)/NCCLS

Organizations:
IFCC
International Federation of Clinical Chemistry
ISO
International Organization for Standardization
NBS
National Bureau of Standards, USA
NCCLS National Committee for Clinical Laboratory
Standards, USA

"A method which after exhaustive investigation has been
shown to have negligible inaccuracy in comparison with
its imprecision"
The NBS definition, on the other hand, contains additional requirements (1,5):
"A reference method is an analytical method whose
inaccuracy and imprecision are small enough as demonstrated by direct comparison with the definitive method,
and whose low incidence of susceptibility to known
interferences is (so) thoroughly documented that the
stated end-purposes of the reference method may be
achieved".
J. Clin. Chem. Clin. Biochem. / Vol. 17,1979 / No. 5
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The additional requirements of the NBS are:
1. Testing of the reference method by comparison with
a definitive method (2, 5).
2. Proof of low susceptibility of the method to interference factors.
The NBS suggests that a definitive method be defined
as "an analytical method that is capable of providing
highest accuracy among all methods for determining
that analyte, and its accuracy must be adequate for its
stated end purposes" (5).
Uses and limitations
The purpose of a reference method (5, 25) is to provide,
within specified confidence limits, good estimates of
the "true value" of a constituent. These estimates are
the basis of improvement of comparability of analytical
results. Therefore reference methods should be used
only in reference laboratories under competent directorship with well trained and highly motivated personnel.
Reference methods must be transferable.
Reference methods are needed:
1. for determination of the best estimate of the "true
value" of a constituent with specified confidence
limits in standards and control specimens to be used
in routine analysis.
2. as a means of monitoring the accuracy and specificity
of routine methods and comparing routine methods.
Reference methods are not suitable for use in routine
analysis because of the large specimen volume needed,
the additional work involved and the highly qualified
personnel and large amount of time needed for each
analysis. A routine method and a reference method can
be based on the same analytical principle, but with a
reference method additional measures must be taken
to attain the precision and accuracy required.
3.1 Reference methods in the strict sense
Reference methods which fit the definition of the NBS
are referred to as "reference methods in the strict sense".
These reference methods must be tested with a definitive
method or with several equally good methods which are
independent of one another.
In order to develop a candidate method into a reference
method, the following must be available or agreement
established in the area listed:
L A primary standard with highest possible purity, e. g.
a standard reference material of the NBS.
2. A method with good precision which is a suitable
candidate reference method. Selection should be
made with the following points in mind:
a) The principle of measurement should have a solid
theoretical basis.
J.'Clin. Chem.'Clin. Biochem, / Vol. 17,1979 / No. 5
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b) The following characteristics of the analytical
system should be adequate for development into
a reference method: precision and accuracy, linear
range of measurement, specificity, sensitivity,
stability.
3. Agreement on the acceptable deviation from the "true
value".
4. Qualified reference laboratories for evaluation of
transferability of the reference method.
5. A comprehensive system for quality control.
6. The possibility of consultation with a statistician
during planning and evaluation of the investigations.
7. A group of experts to advise the principal investigator
before starting and during the whole period of
development and testing.
8. A definitive method or an equally good method
whose accuracy is twice that required of the method
being tested.
The development and testing of a reference method
and its use are demonstrated using the example of calcium
determination in serum. The principle of measurement
underlying the definitive method needed for testing is
compared with that of the reference method.

Reference method for determination of calcium in serum
Prior to the development of this reference method (25)
all of the above criteria were fulfilled or agreement
established:
1. The NBS standard reference material calcium carbonate (SRM 915) was available for use as the primary
standard.
2. The atomic absorption method ofPybus et al. (27)
met all of the above requirements and was selected
as the candidate method.
3. A desirable maximum deviation of 0.5%, with a
deviation of 1.0% probably attainable, was set as the
accuracy target.
4. Eight qualified reference laboratories were available
for the comparative investigations.
5. A complete quality control system was available.
6. The NBS provided statistical advice.
7. An expert advisory group was formed.
8. A definitive method for calcium determination was
available at NBS. It is based on the principle of
isotope dilution followed by mass spectrometry.
Each individual step of the reference method has been
described in detail (25, 26). When reference analyses
are made, strict adherence to these procedures is essential.
No simplifications or changes of any other kind are
permitted. Examples of the negative effects of such
changes on precision and accuracy are given.
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The following points in the protocol are of particular
importance:

1. There are detailed specifications for the purity of
both chemicals and water and for the preparation of
reagents.
2. All volumetric glassware, i. e. the 10-ml volumetric
pipette and the 500-ml volumetric flasks, should meet
the highest specifications of the NBS, Class A.
Cleaning and drying procedures are specified in detail.
3. Standard solutions and specimens are diluted 50-fold.
The same 10-ml volumetric pipette (to deliver) is
used each time to avoid errors due to differences in
drainage times of serum and aqueous solutions and to
eliminate errors due to volumetric differences between
pipettes. Dilution takes place in a 500-ml volumetric
flask.
4. Since among the eight reference laboratories originally
evaluating the method three different models of
double-beam atomic absorption spectrophotometer
were used under different laboratory conditions, it
was necessary for each laboratory to determine and
then specify optimal conditions, including flame
condition in particular.
5. Primary standard solutions are used for calibration,
and the readings are recorded. The specimens are
measured by bracketing, i. e. by taking a reading on
the specimen and then on the two standard solutions
with concentrations just above and below this reading,
and then interpolating. A measurement is valid only
if the difference between consecutive readings on
the same standard is less than one percent (tab. 3-1).

Definitive method for determination of calcium in serum
This method is based on the principle of isotope dilution
with a stable calcium isotope followed by calcium
isotope measurement utilizing mass spectrometry. The
method has been described in detail elsewhere (25, 28).
It consists of the following steps:
1. Spiking of the specimen with the stable isotope 44Ca;
chemical fusion of the specimen with HN03, and
separation of interference factors which might affect
mass spectrometry.
2. Careful measurement of the isotope ratio (40Ca/44Ca)
in the serum sample and in the spiked serum sample
using mass spectrometry.
3. Determination of the blank value resulting from
impurities from the reagents and the fallout during
chemical reactions and separation operations.
4. Determination of the new isotope ratio following
spiking, calculation of the calcium concentration in
the specimen. .
3.2 Provisional reference methods
There are a good many constituents which are determined frequently in clinical chemistry but for which
no definitive methods can be developed at present. This
is because:
1. The analyte is not a defined, homogeneous substance
(e. g. total protein in serum).

6. Calculation of the results for the individual measurements is done by both mathematical and graphic
interpolation.

2. The analyte is a homogeneous substance, but there
is no well-established analytical principle for its determination which could serve as the basis for the
development of a definitive method (e. g. bilirubin in
serum).

7. The results of 10 valid measurements on a given
specimen are compiled and the mean determined.

3. The analyte is not a substance but an activity (e. g.
enzyme activities).

Tab. 3-1. Reference method for calcium determination: readings and valid measurements for standards and specimens.*)
Test No.

Specimen

1
2

Standards
Unknown specimen

3
4

Standards
Unknown specimen

5
6

Standards
Unknown specimen

Readings
Concentration of standard solutions of calcium (mmol/1)
2.00

2.25

1,084

1.222

2.50

2.75

1.355

1.486
1.477

0.001
1.354

0.003
(<0.1%)

1.608

0.006
CO 4%)
1.480

1.475
1.351

0.031
(> 1.0%)

3.00

0.008
(0.5%)
1.488

1.420

V Difference between readings of the same y
standard solution
' *) Adapted from Call et al. (26)
J. Clin.Chem. Clin. Biochem. / Vol. 17* 1979 /No. 5
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It is most expedient if provisional reference methods
are developed and tested by experts at the request of a
national or international scientific organization. The
initiating body can then also work to achieve consensus
agreement on such methods. The Center for Disease
Control in Atlanta, Georgia, USA (CDC) has described
a procedure for achieving such agreement that has
proven useful in the USA (4). Examples of provisional
reference methods are total protein determination in
serum (29), including the required secondary standard
(30), and the recommendations of the German Society
for Clinical Chemistry (GSCC - Deutsche Gesellschaft
für Klinische Chemie) for the standardization of the
most frequent enzyme activity determinations (36, 37)
in serum. In the Federal Republic of Germany about
95% of the enzyme activity determinations are currently
carried out with standardized methods, which leads to
good comparability of analytical results.
3.3 The hierarchy of methods
The methods discussed above can be ranked on the basis
of their reliability, in particular their accuracy and
specificity (tab. 3-2).
On this basis reference methods are followed by routine
methods. Reference methods are clearly unsuited for
routine analysis. But it is certainly possible to use
reference methods or provisional reference methods to
evaluate systematically the reliability criteria of
established routine methods. The American Association
for Clinical Chemistry (AACC) has developed a procedure for this (31). The methods tested according to this
procedure are called selected methods (32). A similar
procedure was developed by the Standards Commission
of the GSCC. The final text was prepared jointly with

Tab. 3-2. Hierarchy of analytical methods and analytical results.
Method

Result
"true value"
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the French Society for Clinical Chemistry and is now
used by both societies. Methods tested in this way are
called Selected Methods (Ausgewählte Methoden).
Because of the very small number of reference methods
currently available, more complicated methods with
adequate performance characteristics will have to be
used instead of reference methods as the point of
reference in evaluating candidates for Selected Methods.
4. Experience with reference materials
and reference methods
The improvement in the reliability and comparability
of the results of routine clinical chemical analyses,
which is possible if suitable reference materials and
methods are used appropriately, is indicated below by
a few examples. The uncertainty introduced into
measurements if an unsuitable reference material is
used is also discussed.
4.1 Reference materials
Both standards and control specimens are referred to
as reference materials. But it is important that the
reference materials used for calibration and those used
for control of methods, which are not completely
specific, be operationally separate; in addition they
should have very different characteristics if they are to
serve their different purposes optimally. For these
reasons standards and control specimens are discussed
separately below.
4.1.1

Standards

Primary standards
Primary standards (tab. 4-1) with specific characteristics
(33) must be used, where this is feasible, by the reference
laboratories in determining assigned values in control
specimens for the Reference Commission of the GSCC.
This common point of reference facilitates determination
of the cause(s) of systematic errors in the results of a
particular reference laboratory.

Definitive method

definitive value

Secondary standards

Reference method

reference method value

In the total protein determinations in two liquid control
specimens, it was found that when each reference labora-

Oass A: tested with definitive method
Class B: not tested with definitive
method, %ut highly purified,
defined standard available,
reliability of method assured

Tab. 4-1. Primary standards for assigned value determination in
control specimens (examples).

Class C: no homogeneous standards of
known composition available,
testing with definitive method
not possible
Routine method
Class A: systematic error known
(selected method =
ausgewählte Methpde)

assigned value

Class B: systematic error not known

J. Clin. Chem. Clin. Biochem. / Vol. 17,1979 / No. 5

Constituent

Primary standard

Calcium
Chloride
Iron
Glucose
Urea
Creatinine
Copper

Fixanal for atomic absorption (Riedel 38604)
0.1 mol/1 NaCl (Merck Titrisol 9945)
iron prepared by reduction p. a. (Merck 3819)
jD-glucose, anhydrous (Merck 8337)
urea p. a. (Merck 8487)
creatinine (Merck 5208)
coppei(II)-oxide p. a. (Merck 2766)

292

Stamm: Reference materials and reference methods in clinical chemistry

tory used its own protein standard the participating
laboratories had a wide range of means, i. e. betweenlaboratory precision was poor. When samples of the
same albumin standard as described by Peters (29) were
used, between-laboratory precision improved markedly
(34) (tab. 4-2), while within-laboratory precision
remained unchanged, with one exception. This shows
how the introduction of a homogeneous, defined
secondary standard can lead to improvement in the
reliability, and thus the comparability, of analytical
results.
4.1.2 Control specimens
For internal control of accuracy and for interlaboratory
surveys, the Guidelines of the Medical Society of West
Germany (Bundes rztekammer) specify that control
specimens are to be used in which the concentration of
the analytes is known. When routine methods which
are more or less nonspecific are used to determine these

Tab. 4-2. Improvement in between-laboratory precision by using
the same secondary standard for determination of total
protein in serum (Serum A and B: different standards;
serum C and D: same standard).
Control
specimen

Reference Laboratory

Parameters

1

2

7.35
1.4

7.31
1.65

3

4

7.67 7.50
4.65 0.9
x = 7.41 (g/100 ml)
CV=2.4 (%)

5

6

6.84
0.95
χ

7.02 6.68
2.25 3.95

7.17
2.2
6.92 (g/100 ml)

7.51
2.3

7.12
2.1

6.59
1.51

6.73
1.32

6.55
2.75

The result is that the analytical results which are obtained for samples of the same control specimen
analyzed with the same method but in different laboratories cannot generally be regarded as a random sample
of the same whole. It is thus not generally possible to
assume a common probability distribution for such,
results. Rather, it is advisable to determine confidence
limits without making any assumptions about the
distribution of the analytical results and to call the location parameter of these confidence limits the assigned
value.

6.72
2.0

6.93
1.35

6.73
1.47

Serum D

5.28 5.23 5.21 4.99
1.5
3.1
1.9
3.4
x = 5.17 (g/100 mi)
CV=1.9 (%)

3. The conditions of measurement for a given method
are by no means identical in different laboratories; at
best they are equivalent.

Furthermore, the analytical results from different
laboratories can vary widely.

x = 6.62 (g/100 ml)
CV=1.7 (%)
χ (g/100 ml)
CV(%)

2. Several methods with different specificity and different procedural deficiencies are usually available for
the analysis of a particular constituent.

3. the laboratories involved.

Serum C

6.48
1.3

1. In every control specimen lot the concentration of
the analyte is unknown; furthermore, the composition
and structure of the matrix vary from lot to lot.

2. the method, and

CV=2.6 (%)
χ (g/100 ml)
CV(%)

On the basis of experimental studies and statistical
evaluation of over 200 lots of control specimens (23,
25), the following points have been found to be of
importance in the planning and evaluation of assigned
value determinations (35):

1. the control specimen,

Serum B
χ (g/100 ml)
CV(%)

Assigned value determination in accuracy control
specimens

Therefore the variability of the analytical results for a
given constituent depends on:

Serum A
χ (g/100 ml)
CV(%)

concentrations, the values found differ from the "true
value" (see tables 1-2 and 2-6) by the sum of the nonspecific components and the effects of any procedural
deficiencies. It is therefore necessary to determine
assigned values for accuracy control specimens which
are dependent on the method used.

5.18
2.9

5.24
1.9

5.18
1.2

Each laboratory made 30 determinations in different runs for
each control specimen. The mean, standard deviation from day
to day and coefficient of variation were calculated from the
analytical results.
χ

mean of th e means

CV

mean of the coefficients of variation for a given control
specimen .

Since both the volume of a homogeneous lot of a control
specimen and the financial-resources available for
assigned value determination are limited, the experimental design used is a compromise which provides the
maximum amount of information for the available funds.
The following procedure has proven useful (fig. 4-3):
At least three laboratories participate iri the assigned
value determination for each constituent and each
method. Each laboratory carries out duplicate determinations on 15 successive working days for lyophilized
control specimens or 10 successive*working days for
liquid control specimens. The analytical results are
J. Clin. Chem. Clin. Biochem. / Vol. 17,1979 / No. 5
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uents is determined according to the experimental design
for assigned value determination
(a) with a particularly reliable routine method, i. e. with
a selected method, or with a candidate for a selected
method,
(b) with a reference method and
(c) possibly also with a definitive method. The results
of these three methods are then compared.

.?-;
mi 3

n=15 day s

Fig. 4-3. Experimental design for assigned value determination.

The possibility for such a comparison arose for a liquid
bovine serum which was prepared at the request of the
World Health Organization (WHO) by the Clinical
Chemistry Division (Director: David D. Bayse) of the
CDC. For the constituents listed (tab. 4-6), the definitive
values were determined at the NBS, the reference
method values at the CDC and the assigned values in
the Department of Clinical Chemistry of the Max Planck
Institute for Psychiatry in Munich, as Research and
Reference Center of WHO, together with the Reference
Commission of the GSCC.

The good agreement of the assigned values with the
definitive values and the reference method values shows
just how good agreement can be, and it documents the
reliability of the procedure used for assigned value
For each reference laboratory the frequency distributions
determinatioa
for the first and second results of a duplicate determination are determined separately and the means and stand- The comparability of the results of routine clinical
chemical analyses done in physicians' offices can also
ard deviations from day to day determined. Then the
be
improved markedly if suitable standards and control
standard deviation of the series is determined from the
specimens
are used, as has been demonstrated in interdifferences in the pairs of values. This permits evalualaboratory
surveys (tab. 4-7).
tion of the results of the individual laboratories (tab. 4-4).
recorded in a form suitable for transfer to punch cards.
A computer is then used for statistical analysis.

The results of all those laboratories which have used
the same method are combined into two frequency
distributions — with separate distributions for the first
and second results (tab. 4-5). The values for the parameters listed above are determined and in addition the
median is found. Now suitable limits including 95% of
the results are marked on the frequency distributions.
The location parameter is also marked, the midpoint on
the scale between the limits usually being used for
reasons of symmetry. This location parameter is
designated as the assigned value, and the limits specified
above become the confidence limits.
If the total number of analyses is kept constant but the
number of reference laboratories is increased and the
number of duplicate determinations in the individual
laboratories reduced accordingly, then the value of the
location parameter remains virtually unchanged, whereas
the confidence limits are often farther apart.
4.2 Reference methods
The reliability of assigned value determination in control
specimens according to the procedure just described was
tested effectively äs follows: in samples of the same
control specimen the concentration of several constitJ. Clin. Chem. Clin. Biochem. / VoL 17,1979 / No. 5

Conclusions

1. Where possible, analytical methods in clinical
chemistry should be calibrated and tested with highly
purified, defined standards.
2. Primary standards should be used if at all possible. If
none are available, then secondary standards with a
detailed description of preparation and determination
of concentration are recommended.
3. In addition, for the ongoing monitoring of performance, control specimens are needed whose matrix is
so similar to the matrix of the specimens analyzed,
e. g. patient specimens, that any procedural deficiencies or interference factors due to this matrix
will be detected early.
4. Reference methods are needed both to make a
reliable estimate of the "true value" of secondary
standards and accuracy control specimens and in
comparing routine methods.
5. Ideally these reference methods are tested with
definitive methods. If a definitive method cannot
be developed or is not available, provisional reference
methods should be developed and used.
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Tab. 4-6. Comparison of definitive values, reference method values and assigned values in a liquid control specimen prepared by the
CDC.
Definitive
Value
NBS

Reference
Value
CDC

2.27

2.25

Chloride (mmol/1)
Glucose (mg/dl)
Potassium (mmol/1)

100.2
98.0
4.79

100.6
97.5
4.82

Sodium (mmol/1)

142.4

142.4

Constituent

Calcium (mmol/1)

0.87

Magnesium (mmol/1)

0.87

Assigned Value

Method

GSCC
(95 % confidence limits)
2.25 (2.05-2.45)
2.125 (2.00-2.25)
101
100
4.85
4.75
143
141
0.9

(98-104)
(94-106)
(4.7-5.0)
(4.6-4.9)
(140-146)
(138-144)
(0.825-0.975)

Atomic absorption
Flame emission with acetylene
Coulometric
Hexokinase
Flame emission with Li-guideline
without Li-guideline
with Li-guideline
without Li-guideline
Atomic absorption spectrophotometry

CDC Center for Disease Control
NBS National Bureau of Standards
GSCC German Society for Clinical Chemistry
Tab. 4-7. Comparability of the results of routine clinical chemical 6. For methods which are not completely specific, the
analyses from reference laboratories and from particimonitoring for systematic errors by comparison of
pants in interlaboratory surveys.
the analytical results with the best estimate of the
2nd interlaboratory survey of the Bavarian Panel
Doctors Association, October 1975.
"true value" is frequently not effective enough. A
comparison with an assigned value containing the
Between-Laboratory Precision
Other
same nonspecific components may be more effective.
(Coefficients of Variation)
Interlaboratory
Surveys
7. Optimal standards, control specimens and reference
methods are prerequisites for improvement in
Constituent
Spec- CVR CVP
CVUSA CVUK
reliability and thus for the comparability of analytical
(Method)
imen
<%) <%)
(%)
(%)
results in clinical chemistry. Therefore special atten^
Glucose
A
3.6
6.8
9.6
7.4
tion must be given to their further development.
(GOD-Perid)
B
3.6
6.7
Urea
A
4.6 10.9
9.4
10.6
(Urease/
B
9.1 12.9
Berthelot reaction)
Total protein
A
3.5
5.9
5.1
(Biuret method)
B
3.7
6.0
Potassium
A
3.3
4.3
3.0
3.2
(Eppendorf flame
B
4.3
5.2
photometry)
CVR Reference
laboratories
CVP Participants

CVUSA

USA (ACP)

CVUK

England (Wellcome)
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