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Summary. - Participation in proficiency testing schemes is generally recognized as an important part of
quality controlin analytical chemistry. The design and conduct of proficiency testing schemes is therefore a matter
of great importance. A proficiency testing scheme should: a) cover a broad concentration range of the substance
of interest; b) enable the detection and estimation of each laboratory’s systematic errors; ¢) enable estimation of
each laboratory’s random error; d) provide each laboratory with a rank or score, and ¢) present the evaluation of
each round to the participating laboratories in a comprehensible way. e.g. in a report with carefully designed text,
tables and figures. This paper presents the design of the Danish external quality assessment scheme (DEQAS).
which 1s based on the method evaluation function concept.
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Riassunto (Lo scheina danese per la valutazione esterna di qualita). - La partecipazione in programmi di
valutazione esterna di qualita & generalmente riconosciuta come una parte importante del controllo della qualith
inchimicaanalitica. La pianificazione e I'organizzazione di tali programmi ¢ quindi materia di grande importanza.
Uno schema per la valutazione esterna dellaqualiti dovrebbe: a) coprire un largo intervallo di concentrazioni della
sostanza di interesse; b) consentire I’identificazione e la stima degli errori sistematici in ciascun laboratorio; ¢)
consentire la stima dell’errore casuale di ciascun laboratorio; d) assegnare un punteggio a ciascun laboratorio; e)
presentare i risultati di ciascun esercizio di valutazione esterna di qualitd ai laboratori partecipanti in modo
comprensibile, per esempio includendo nel rapporto testo, tabelle e figure appositamente studiate. Questo articolo
descrive la struttura del programma danese per la valutazione esterna di qualita (DEQAS), che & basato sul
concetto della “method evaluation function™.

Parole chiave: controllo di qualita, valutazione delle prestazioni analitiche, validazione di metodi analitici.

Introduction

The Danish external quality assessment scheme
(DEQAS). initiated in 1990, is developed and managed
by the National Tnstitute of Occupational Health
(Arbejdsmiljginstituttet, AMI)in Denmark. Itis designed
to evaluate the quality of results of measurements of a
group of laboratories. The scheme, which evaluates
performance at five differentconcentrations of the analyte,
can be used universally to evaluate laboratories in the
fields of clinical, biological, environmental or
occupational chemistry. The scheme may also be used in
validating other variable parameters such as the per-
formance of technicians, clficiency of apparatus, cte.

Currently, DEQAS comprises proficiency testing
schemes for lead in blood, iron, manganese and titanium
in welding fume, and organic solvents on charcoal tubes
[1, 2]. However, this paper will focus mainly on the
EQAS for lead in blood.

Procedure of DEQAS

Blood samples are prepared from fresh human blood
obtained from a blood bank. All blood used in the scheme
has been tested and [ound negative for antibodies against
HIV and hepatitis B and C. EDTA has been added as
anticoagulant. The blood is filtered, spiked with an
aqueous solution of lead nitrate, divided into vials and
frecze-dried. Lyophilization vials and stoppers have
been checked for lead contamination.

Five samples for analysis are dispatched in cach
round, and two to four EQAS rounds are performed
every year. Together with the samples a laboratory
report sheet is sent, which must be returned to AMI with
the laboratory’s results within two weeks of receiving
the samples. To check that the registered results are
identical with the data actually submitted, a control
sheet, with the received and registered data, is mailed to
the participating laboratory. Within two weeks of



receiving the control sheet the evaluation report produced
by the AMIQAS computer programme is sent to the
laboratories.

Laboratories are enrolled on a voluntary basis. The
[ee includes EQAS samples, statistical evaluation of
results and reports.

LEvaluation of results
Tests for outliers and normal distribution

To exclude extreme outliers a tolerance interval (TI)
is calculated for each of the five concentrations using a
relative standard deviation appointed to be 15% of the
true value. TI is defined as follows:

Tl =X+ (a-X) 1.96 (1 + 1/n'"?)

where a = 15 and n is the number of participating
laboratories. The T1is calculated for 95% of the distri-
bution with 95% confidence [1]. Thus there will be a
probability of 95% that the TI will include 95% of the
distribution. As the proficiency testing scheme is based
on the assumption, that the results are normally
distributed, Kolmogorov-Smirnov test for goodness of
fit to the normal distribution is carried out and Cochran
and Grubbs outlier tests are used to identify and exclude
outliers [3].

True concentrations

In DEQAS the target values are established either as:
a) consensus mean values, which are the mean values of
the results of all participating laboratories after outlier
exclusion. or b) reference values, which are values
obtained by reference laboratories. The latter procedure
is used when only a few (< 10) laboratories participate in
the scheme.

Distribution plots

For each sample, the ratio between the obtained
result Y; and the target value ; is computed. The
distribution of the results of the participating laboratories
15 visualized by plotting the (Y,/p;)-ratios for the five
samples (Fig. 1). All ratios within the interval (0.6 - 1.4)
are shown, and the number of laboratories with ratio
outside this interval is indicated.

Further, the z-value is computed for each laboratory
at a selected true concentration, and the ranked z-values
[rom all participants are plotted in increasing order (Fig.
2). The z-value 15 defined as [4]:

L= (Y, = }l,)/SDi,
where Y, is the obtained result at the concentration level i;

11, is the estimated conscnsus value or reference
concentration at the concentration level i, and SD; is the
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Fig 1. - The ratio plot between observed measurement
results and reference values.
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Fig. 2. - A ranked z-score plot of all laboratory results
plotted in increasing order.

standard deviation at this concentration after outlier
exclusion. If y; and SD; are good estimates of the true
concentration and standard deviation the z-values are
approximately normal distributed with a zero mean and
the unit standard deviation. In this case the evaluation of
the laboratories are based on the z-score:

- |zl <2 would be very common.

- |zl >3 would be very rare in well-behaving systems.

Hence, values of | z| > 3 may with great confidence
be considered due to poor performance. In the evaluation
report the values of | z| > 3 are notincluded in the z-score
plot. but the number of laboratories with| z| >3isindicated
[5].

Random and systematic errors

Estimates of the experimental standard deviation o
of the method used by each laboratory. the slope B and
intercept o of the method evaluation function (MEF), is
obtained by statistical evaluation (least square regression
analysis) of the linear relationship between the results
obtained by the laboratory and the target values [ 1. 5, 6],
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Fig. 3. - An example of the estimated method evaluation
function (MEF) in DEQAS.

shown in Fig. 3. In the MEF-plot the 0.95 confidence
interval of the ideal MEF is indicated using o;-values
assigned by AMI (0.048 pmol/I for y; < 0.48 pmol/l, and
10% of y; for u; > 0.48 pmol/l. The estimated MEF is
accepted if the function values are within the 0.95 confi-
dence intervals of the ideal MEF at all five true
concentrations. As the number of samples in each round
of proficiency testing is too low to allow a reliable
method evaluation the estimated values of ¢;, « and B
may only be used as an indication about the size of
random and systemaltic errors.

The EQAS evaluation also contains an evaluation of
a Youden-plot (Fig. 4) to analyze random and systematic
errors of each laboratory. The target values of two
samples are represented by the vertical and horizontal
lines drawn throughout the point (i, ty), thereby dividing
the chart into four quadrants. If the variation in results
from different luboratories is due to random errors only,
the points will be scattered with approximately equal
numbers in each of the four quadrants. If a method
produces results which are systematically to high, a
predominance of points in the top right quadrant is
expected. Similarly, if the results are systematically too
low, a predominance of points in the low left quadrant is
expected.

Evaluation of performance

In the DEQAS evaluation reports, the values of the
square root of the relative mean square error (RMSE!?) are
aiven for all participants at all true concentrations. The
RMSE'”? is a measure of the sum of the laboratory’s
systematic and randomerrors, and it shows how exactly the
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Fig. 4. - An example of a two-sample Youden plot.

laboratory in general measures the estimated true value [ 1,
6]. The smaller the RMSE!"? value, the closer the
measurement is to the estimated true value, RMSE!? is
defined as:

where & is the systematic error, o is the standard
deviation and u is the conventional true value. The
ideal RMSE!? to a given concentration level i is
calculated using the appointed standard deviation
(Tapp) and a zero systematic error (6 =0) [1]. A robust
tolerance interval is computed by assuming normal
distribution, TT = p; £ 1.96 &,

RMSE!? values are calculated at different levels
and used in the evaluation. The use of RMSE'? as
control parameter in interlaboratory quality control
has two major advantages: a) RMSE"2 is well defined;
b)RMSE"? includes the laboratory’s systematic (8) and
randomerror (o). Hence, RMSE'2 evaluation provides
sufficient information of the method.

Conclusions

In 1994 19 laboratories participated in the DEQAS.
In the design of the DEQAS weight has been attached to
voluntary participation and the educational role of the
scheme. The scheme is designed to be in accordance with
international standards and guidelines in the field. Reports
are designed to graphically present the laboratory
performance, e.g. random, systematic and total error
illustrated by the MEF (Fig. 3) and RMSE!”? plots (the
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RMSE'” plot is not shown), and to enable comparison
with the performance of other laboratories, e.g. illustrated
by the ratio (Fig. 1), z-score (Fig. 2) and Youden plots
(Fig. 4).
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Appendix. - Summary of the scheme

Country Denmark.

Name of scheme Danish external quality assessment scheme (DEQAS).

Status of scheme International. Voluntary.

Run by the National Institute of Occupational Health, Denmark.
Aims: 1o provide external quality control for laboratories in the occupational health sector in Denmark.
Participants: varying number (19 in 1994). Analytical chemical laboratorics.

Scheme description  Control marerials: usually prepared “in-house”. Samples enriched by “spiking”. Blood samples are freeze-dried.
Target values usually determined as consensus mean values or by one or more reference laboratories if only a few
laboratories participate. These two methods of establishing the target values are optional in the PC-programme that

makes the statistical elaboration.

Organization of EQA exercises: frequency of exercises: 2 per year; number of samples: 5 at different concentration
levels; time schedule for returning the results: within 2 weeks.
Elaboratten of results: by means of a PC-programme. Reports and control sheets are generated automatically, and

returned to the laboratories within 2 weeks.

Criteria for evaluarion of laboratory performance: Z-score plot, Youden plot, ratio plot, MEP plot and RMSE!/2 plot.
Measures tuken against poor performers: advice is given in the report. No other measures.

Organization National Institute of Occupational Health
ant. Kirsten Byrialsen
Lersg Parkallé 105
DK-2100 Copenhagen, Denmark
Tel +45392997 11. Fax +4539270107
e-mail: amilpost@uts.unt.c.dk

Analytes and Lead in human blood.
matrices covered [ron. manganese and titanium in welding fume.
Organic solvents on charcoal tubes.




