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Abstract After 7 years of successful
operation, the database of the profi-
ciency testing (PT) scheme for water
analysis organized by the Institute
for Agrobiotechnology (IFA), Tulln
contains nearly 4,000 data sets from
over 300 interlaboratory comparison
samples. About 70 analytical param-
eters (major ions, metals, trace ions,
herbicides, volatile halogenated 
hydrocarbons, organochlorine pesti-
cides and polycyclic aromatic hydro-
carbons) were covered by the PT
scheme. The data were evaluated us-
ing robust statistics in order to deter-
mine a set of coefficients of variation

(CV) for each analytical parameter.
Concentration and time dependence
of the CV were checked. The CV
were combined to obtain standard
deviations for proficiency assess-
ment (Z-score criteria). Furthermore,
a viewer program was designed to
facilitate monitoring of the analytical
performance of participating labora-
tories.
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Introduction

In the early 1990s a countrywide monitoring network for
ground- and surface water quality was built up on a le-
gally regulated basis in Austria. Since then about 2,000
groundwater and 240 river water sites have been tested
regularly and the water samples have been analyzed for
numerous inorganic and organic parameters [1, 2]. Such
a permanent and comprehensive measurement program
requires reliable and accurate results of analysis. Thus, a
sophisticated quality assurance program had to be imple-
mented [3] and the compulsory participation in interlab-
oratory comparisons was an integrative part of this quali-
ty assurance program. Due to the rather infrequent orga-
nization of suitable interlaboratory comparisons, the
Federal Ministry for Forestry and Agriculture, Environ-
ment and Water Management decided to initiate a re-
gional PT scheme. In 1995, the IFA-Tulln Centre for 
Analytical Chemistry started to develop a PT scheme
called the “IFA-Test Systems PT Scheme” for external
quality assurance in water analysis . The scheme started

with regular interlaboratory comparisons for inorganic
parameters in water (major ions, heavy metals, and trace
elements) and was successively extended to a multi-
plicity of inorganic and organic parameters (trace ions,
herbicides, volatile halogenated hydrocarbons, organo-
chlorine pesticides, polycyclic aromatic hydrocarbons
(PAHs) and, recently, methyl-tert-butylether (MTBE).
Depending on the parameter group, the number of series
amounted to 1 to 6 per year and group. The operation of
the scheme has closely followed the framework given in
ISO/IEC Guide 43 [4]. The series reports provide data
that allow evaluation of laboratories’ performance, but
do not contain any performance evaluation. Calculation
of performance statistics using Z-scores and evaluation
of performance will be implemented in the near future.
This implementation will make the PT scheme fully con-
sistent with [4]. The series reports are published on the
web site of the PT scheme. Preparation of samples, un-
certainties of the target values, and behavior of the sam-
ples for the interlaboratory comparisons are described
elsewhere [5, 6, 7, 8] or will be published in the near 
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future. Participation in the PT scheme has always been
open to all interested laboratories. Thus after 1 year of
operation, the number of voluntarily participating labora-
tories superseded the number of compulsory participants.
In 2002, the ratio of voluntary to compulsory par-
ticipants was 4:1. Over 100 different Austrian and for-
eign laboratories have participated in the IFA-Test PT
Scheme.

Course of PT rounds

Within the IFA-Test PT Scheme every round is a com-
plete small (5 to 50 participants) interlaboratory compar-
ison study. Normally, two different synthetic water sam-
ples with well-defined target concentrations are sent out
in a round. The samples are identified by a letter code
for the parameter group and the series number, e.g.,
H36A and H36B for the two samples from the 36th PT
round on herbicides. In total, 190 PT rounds were con-
ducted by June 2003: 56, 40, 19, 9, and 8 rounds on inor-
ganic parameters, herbicides, volatile halogenated hydro-
carbons, organochlorine pesticides and PAHs, respec-
tively. At the end of each round the laboratories’ mea-
surement results are transmitted and collected in a dat-
abase. The measurement results of a certain parameter in
one specified sample together with its basic statistic
evaluation is called a data set in this paper. An example
of a typical data set is given in Fig. 1 Not all substances
of a certain parameter group are present in every sample,
so the number of data sets available for every parameter
may vary widely. Each PT round is completed by the re-
lease of a series report. The reports are designed to meet
the requirements of the laboratories. They illustrate
graphically all recoveries of each participating laborato-
ry, which allows evaluation of the analytical perfor-
mance of the laboratory. The reports also contain dia-
grams for each analytical parameter with a brief statisti-
cal evaluation: laboratory mean, standard deviation be-
tween the laboratories, and confidence intervals (Fig. 1).
This allows identification of possible analytical prob-
lems for some parameters and yields a rough estimate of
the accuracy that can be expected from an analytical lab-
oratory. Thus, the series reports facilitate the comparison
of the analytical performance of a selected laboratory
with the performance of other laboratories.

Evaluation of long-term performance

For both the end-users of the analytical results and the
laboratories, the answers to the following questions may
be of interest: How does the analytical performance of a
selected (contract) laboratory behave over a longer peri-
od of time? Do significant deviations of results from the
target values occur often or rarely? What deviations be-
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tween a measurement result and the assigned reference
concentrations can be expected for each parameter and
which parameters or analytical techniques cause most
problems? The present project was initiated to answer
these questions on the basis of the collected results of all
previous PT rounds. It was also designed to be a helpful
tool for monitoring the performance of the contracted
laboratories.

Aim of this study

The combination of scores, like the sum of (squared)
scores and running scores, is a common technique 
for the assessment of long-term trends [9]. This paper
describes the determination of performance criteria 
(Z-score criteria σ) derived from the results of multiple
PT rounds. The results of 190 PT rounds were evaluated
and coefficients of variation (CV) were calculated from
every data set as estimates for the between laboratory
precision (“estimates of dispersion”). The CV were vi-
sualized for every parameter over the target concentra-
tions and the operation time of the PT scheme in order
to check the influence of concentration and time. The
CV of every analytical parameter were combined to a
single Z-score criteria σ representing the average labo-
ratory performance over a given concentration range.

Fig. 1 Example data set: results for nitrate in water sample N52B
with basic statistical evaluation. The target value was 31.1 mg/L
nitrate



These performance criteria are much more reliable than
those calculated from single rounds. They are highly
suitable for assessment of long-term trends via Z-scores
and combination scores.

Realization

First, the laboratories’ results of all interlaboratory com-
parisons were transformed into a uniform format and
collected in a single database. At this stage of the pro-
ject, 130 different laboratories had participated in the
scheme. The total number of analytical parameters was
67 and the database contained nearly 4,000 data sets con-
taining more than 60,000 analytical results from about
300 interlaboratory comparison samples. All data sets
were checked by the Hampel outlier test, which is often
referred to as “Huber test”. This outlier test is based on
the use of robust statistics. Davies suggested using it for
the statistical evaluation of interlaboratory tests in 1988
[10]. The Hampel test has been used in the IFA-Test PT
Scheme since its first year of operation. Laboratory
mean values, mean recoveries, standard deviations, and
CV were calculated from both the whole sets of data and
the outlier-free sets of data. The agreement of laboratory
mean values and target concentrations is permanently
observed in the PT scheme. At this stage it could be
shown that even for the evaluation of parameters over
consecutive rounds no statistically significant deviations
between target concentrations and outlier-corrected labo-
ratory mean values were found. This is a basic require-
ment for a reliable estimation of dispersion. Further-
more, robust estimates of central tendency µ’ (“robust
average”) and dispersion σ’ (“robust standard devia-
tion”) were calculated from all data sets according to “al-
gorithm A” of the international standard ISO 5725–5
[11]. Both the Hampel test and algorithm A start with the
median as “robust average” µ’0 and a “robust standard
deviation” σ’0 that is calculated from the median abso-
lute deviation (MAD) multiplied by a factor (1.483 for 
n → ∞). The Hampel test simply rejects all results that
deviate by more than 3 σ’0 from µ’0. Algorithm A pro-
gressively transforms the original data by replacing re-
sults that deviate by more than 1.5 σ’0 from µ’0 and re-
calculating µ’ and σ’. According to this approach, the
values are updated several times until the process con-
verges. This process is called winsorization [12]. The da-
ta presented in this paper were obtained by algorithm A.
CV were calculated from the estimates µ’ and σ’ of all
data sets with three or more measurement results. These
CV were graphically depicted against the target concen-
trations for each of the analytical parameters. Two exam-
ples are shown in Figs. 2 and 3. In order to check whether
there were visible changes during the operation time of
the scheme, the CV were graphically depicted versus
time, too. An example is shown in Fig. 4.
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Fig. 2 Determination of metolachlor in 56 water samples sent out
in 40 proficiency testing (PT) rounds. The diagram shows the 
coefficients of variation (CV) between laboratories calculated by
algorithm A versus target concentrations. The line at 13% indi-
cates the median of the CV

Fig. 3 Determination of nitrate in 103 water samples sent out in
50 PT rounds. The diagram shows the CV between laboratories
calculated by algorithm A versus target concentrations. The line at
3.4% indicates the median of the CV. The concentration range of
application of the Z-score criteria was limited to >3 mg/L

Fig. 4 The data of Fig. 3 versus operation time of the PT scheme.
The diagram shows the CV between laboratories calculated by 
algorithm A versus months from July 1995. Each “+” represents a
dispersion estimate for one water sample. The line at 3.4% indi-
cates the median of the CV
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In order to combine the CV for each parameter, the
medians of the CV were taken as Z-score criteria. Thus,
one Z-score criterion was defined for every parameter. In
some cases the concentration range had to be limited at
the lower end to make the criteria applicable, e.g.,
3 mg/L for nitrate (Fig. 3). The criteria and their concen-
tration limits were added to the database. In parallel, 
a computer program (a viewer) was developed which 
allowed convenient access to the laboratory results’ 
database. The viewer creates Z-score diagrams and 
tables after selection of laboratory, parameter group, one
or more parameters, and a time interval. As the viewer
was designed to facilitate monitoring of the analytical
performance of contracted laboratories, sub-databases
that contained exclusively results of these laboratories
were created for this purpose. An example of the view-
ers’ capability is given in Fig. 5. A corresponding table

Fig. 5 Z-score diagram of a selected laboratory which regularly
participated in the PT scheme. The diagram combines the recover-
ies of Metolachlor in samples from 40 PT rounds between Sep-
tember 1996 and May 2003. ● Indicates that no Z-score could be
calculated. Missing bars indicate that no results were submitted.
“FN” refers to false negative results

contains target concentrations, results of the laboratory,
recoveries, and the Z-scores. The viewer program sup-
ports the calculation of the sum of the Z-scores (SZ) [9],
too.

Results and discussion

Estimates of dispersion

Our comparison of the Hampel test and algorithm A
showed both procedures yielded very similar estimates,
µ’ and σ’, when they were applied on the data sets of the
interlaboratory comparisons. Thus, the Hampel test and
algorithm A can be considered to be equivalent for this
task. Algorithm A was chosen for calculating CV be-
cause of its “more official character” as this procedure is
recommended by ISO standards [11, 13].

Precision of interlaboratory comparisons

The procedure described above yielded a set of CV for
every parameter (examples are shown in Fig. 2 and
Fig. 3). It is possible to calculate CV from these sets.



These “CV of the CV” obtained from different samples
for each parameter were typically in the range of 40% to
50%. This is well above the theoretical value that can be
expected for random samples of one population. It can
be calculated by:

where n is the number of results per sample [14]. This
would be, e.g., 16%, for 20 results per sample. It was
surprising too that 40%–50% were found in all parame-
ter groups. As the average number of results ranged from
7 (herbicides) to 20 (major ions), it can be concluded
that the observed “CV of the CV” were not dependent on
the actual number of results per sample. There may be
several reasons for this: The field of participants in the
IFA-Test PT Scheme is not homogenous. The laborato-
ries vary widely with the PT rounds, as the frequency of
the series (3 or 6times a year) is higher than the partici-
pation frequency of the laboratories. The observed CV
are most probably not normally distributed. It may also
be possible that the sample-to-sample deviation of the
CV is partially caused by the use of the estimation pro-
cedure for µ’ and σ’, the algorithm A. This will be the
subject of further investigations. Anyhow, it should be
widely considered that the accuracy of the CV deter-
mined from results of single interlaboratory comparisons
might be low, even if the number of results is above 30,
which is the number that is generally recommended for
determination of CV [15]. Thus, for the definition of 
Z-score criteria it might be most useful to combine the
results of multiple (periodical) interlaboratory compari-
sons, as presented in this paper.

Combination of CV

In the present study, the between-laboratory dispersion
estimates of the results of many interlaboratory compari-
sons (6–106 data sets per parameter, on average 44 data
sets) were combined. As the distribution of the single
CV was not clearly identified, the median was chosen to
determine the Z-score criteria from the CV. There may
be doubts about the usefulness of applying consecutively
robust statistics to a dataset, so the mean CV was calcu-
lated as square root of the arithmetic mean of the vari-
ances, too. The latter method yielded slightly higher 
Z-score criteria. All results are summarized in Table 1.

Dependence of CV on concentration levels

In general no significant dependence of the CV on the
actual concentration of the parameter in the sample was
observed. One reason may be the relatively wide spread
of the CV (see above). Another reason was the narrow

concentration ranges, which were covered in the PT
system. The target concentrations were within 1 order of
magnitude for most parameters in the PT scheme. For
some parameters obviously higher CV were found for
low target values which were near the limits of detection
that are demanded in the Austrian water monitoring pro-
gram [16]. An example is given in Fig. 3. In this case the
concentration range, in which the Z-score criteria can be
applied, was limited. The lower limits given in Table 1
refer to the applicability of the determined Z-score crite-
ria. They consider the legal limits of determination and
the observed concentrations, too. In our experience, the
introduction of variance functions as suggested, e.g., in
[14], cannot be justified in a concentration range within
1 order of magnitude. Besides, single Z-score criteria are
much more transparent to the participants.

Time dependence

No statistically clear trend to lower CV over the operation
time of the PT scheme could be observed. One reason
may be the relatively wide spread of the CV (see above).
The CV of “nitrate in water” (Fig. 4) were all below the
median line in the last year. Most probably the laborato-
ries are improving their analytical performance by various
measures like modernization of instrumentation and im-
proving their quality assurance systems. So this will be
seen in the future development of the CV values.

Conclusion and outlook

The collection of all measurement results in a single da-
tabase in combination with computer-program controlled
SQL queries appears to be a very powerful tool for the
statistical evaluation of the collected data. The estimates
of dispersion obtained by robust statistics have an un-
expected low precision with typical CV of 40%–50% 
between the data sets of a selected parameter. Thus, 
Z-score criteria should never be calculated from a single
PT round even if the number of participants is consider-
ably high. No clear influence of concentration and time
on the dispersion estimates was observed. Higher CV be-
tween laboratories were only found for concentrations
close to the determination limits of the analytical 
methods. In our experience, a single Z-score criterion is
applicable over a concentration range of 1 order of mag-
nitude and we do not recommend the use of variance
functions. Performance criteria evaluated from a number
of PT series are the most suitable and transparent for the
assessment of long-term performance. The Z-score crite-
ria of Table 1 represent the average performance of
(mainly) Austrian laboratories for the specified parame-
ters and concentration ranges between 1997 and 2003.
This limits their applicability and should be considered if
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Table 1 Overview of the evaluated parameters. The medians were used as Z-score criteria: CV, coefficients of variation

Parameter Number Lower Target value Number of results in the data sets Averaged CV
of data limit
sets Min Max Unit Min Max Mean Median Mean (by 
n % variances) %

Major ions
Ammonium 72 0.01 0.012 0.6 mg/L 5 43 19 14 20
Boron 88 0.02 0.02 1.1 mg/L 5 31 15 9.3 13
Calcium 106 5 4 71 mg/L 6 46 20 4.5 5.9
Chloride 105 3 1.1 82 mg/L 7 46 21 4.0 7.2
DOC 87 1 0.4 7 mg/L 5 23 14 11 16
Total hardness 82 0.2 0.06 3 mmol/L 12 45 23 3.6 4.1
Hydrogen carbonate 104 30 14 270 mg/L 5 44 19 4.0 6.2
Potassium 104 2 0.5 20 mg/L 7 41 19 7.2 8.9
El. conductivity 106 10 80 1000 µS/cm 6 49 22 1.9 2.4
Magnesium 106 2 1.2 24 mg/L 6 46 20 5.0 6.5
Sodium 106 1 1.6 93 mg/L 7 43 19 5.1 5.4
Nitrate 103 3 1.5 94 mg/L 7 46 22 3.4 4.2
Nitrite 87 0.01 0.01 0.2 mg/L 6 42 21 7.0 9.8
Orthophosphate 66 0.02 0.02 0.4 mg/L 4 41 19 10 13
Alkalinity 48 0.1 0.3 4 mmol/L 10 40 22 3.6 4.7
Sulphate 105 3 3 140 mg/L 7 44 22 3.5 4.3

Metals
Aluminium 33 0.01 0.02 0.09 mg/L 10 22 16 13 15
Arsenic 47 0.001 0.0014 0.04 mg/L 5 25 14 13 15
Lead 49 0.005 0.003 0.08 mg/L 6 26 16 10 15
Cadmium 49 0.0005 0.0004 0.007 mg/L 6 28 15 11 14
Chromium 46 0.002 0.0012 0.1 mg/L 6 27 16 9 11
Iron 52 0.02 0.02 0.4 mg/L 4 25 15 10 14
Copper 35 0.01 0.006 0.13 mg/L 10 27 19 9 11
Manganese 49 0.02 0.008 0.12 mg/L 7 27 16 7 10
Nickel 32 0.001 0.005 0.14 mg/L 10 29 19 9 10
Mercury 43 0.0002 0.0003 0.006 mg/L 5 25 14 16 20
Zinc 34 0.02 0.012 0.18 mg/L 10 26 17 11 11

Herbicides
2,4-D 34 0.05 0.08 0.7 µg/L 3 7 4 20 29
Alachlor 48 0.09 0.09 0.7 µg/L 4 12 8 15 18
Atrazine 74 0.05 0.06 2.3 µg/L 4 28 9 13 15
Bentazon 58 0.05 0.06 0.8 µg/L 3 7 4 13 21
Cyanazine 69 0.05 0.05 1.8 µg/L 3 16 8 16 17
Desethylatrazine 75 0.05 0.07 1.5 µg/L 3 19 8 16 18
Desisopropylatrazine 69 0.05 0.07 2.0 µg/L 3 17 8 19 23
Diuron 30 0.05 0.07 0.5 µg/L 3 17 5 20 22
Hexazinone 32 0.05 0.06 0.5 µg/L 3 12 5 18 24
Linuron 29 0.05 0.08 0.5 µg/L 3 15 5 19 26
Mecoprop 31 0.05 0.08 0.4 µg/L 3 7 4 14 22
Metalaxyl 33 0.05 0.10 0.4 µg/L 3 12 4 13 20
Metolachlor 56 0.05 0.10 0.8 µg/L 3 13 8 13 15
Pendimethalin 49 0.05 0.06 0.7 µg/L 4 14 8 22 27
Prometryn 69 0.05 0.07 0.8 µg/L 4 18 9 15 18
Propazine 74 0.05 0.06 1.7 µg/L 3 19 8 13 15
Pyridate 35 0.05 0.14 1.0 µg/L 3 5 4 14 32
Sebuthylazine 62 0.05 0.06 1.9 µg/L 4 12 8 12 14
Simazine 72 0.05 0.05 1.9 µg/L 3 28 9 13 16
Terbuthylazine 76 0.05 0.06 4 µg/L 3 22 9 14 15
Terbutryn 69 0.05 0.05 0.7 µg/L 3 16 8 17 20

Volatile halogenated HC
1,1,1-Trichloroethane 35 0.1 0.3 3 µg/L 6 36 20 18 22
1,1-Dichloroethene 30 1.0 1.0 10 µg/L 11 24 18 24 27
1,2-Dichloroethane 28 1.0 0.7 35 µg/L 8 29 17 17 20
Bromodichloromethane 25 0.1 0.2 2 µg/L 5 35 19 17 16
Dibromochloromethane 29 0.1 0.4 4 µg/L 9 35 20 14 15
Dichloromethane 28 1 0.9 37 µg/L 9 27 17 19 21
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Tetrachloroethene 32 0.1 0.2 3 µg/L 12 37 20 17 19
Tetrachloromethane 34 0.1 0.2 3 µg/L 6 35 19 21 24
Tribromomethane 32 0.1 0.3 3 µg/L 5 33 17 16 16
Trichloroethene 33 0.1 0.2 3 µg/L 12 36 20 19 21
Trichloromethane 32 0.1 0.5 4 µg/L 12 35 12 17 18

PAH
Benzo(a)pyrene 15 0.01 0.02 0.18 µg/L 4 26 15 28 31
Benzo(b)fluoranthene 16 0.02 0.02 0.14 µg/L 4 26 15 19 21
Benzo(ghi)perylene 16 0.01 0.012 0.15 µg/L 4 24 15 31 36
Benzo(k)fluoranthene 15 0.01 0.03 0.14 µg/L 4 25 14 19 26
Fluoranthene 16 0.01 0.016 0.3 µg/L 4 26 16 16 19
Indeno(1,2,3-cd)pyrene 16 0.01 0.015 0.12 µg/L 4 26 15 41 42

Organochlorine pesticides
1,2,3-Trichlorobenzene 12 0.05 0.07 0.9 µg/L 5 8 6 19 19
1,2,4-Trichlorobenzene 12 0.05 0.08 0.9 µg/L 5 8 6 17 21
1,3,5- Trichlorobenzene 12 0.05 0.05 0.9 µg/L 5 8 6 24 27
Aldrin 11 0.05 0.11 1.2 µg/L 7 12 9 24 25
alpha-HCH 13 0.05 0.13 0.9 µg/L 5 7 9 12 13
beta-HCH 6 0.05 0.14 0.4 µg/L 5 9 7 15 15
cis-Chlordan 13 0.05 0.08 0.7 µg/L 6 12 9 20 23
cis-Heptachlorepoxide 8 0.05 0.11 0.4 µg/L 6 10 8 18 24
Dieldrin 16 0.05 0.13 0.9 µg/L 3 12 9 15 17
Endrin 15 0.05 0.10 1.0 µg/L 3 10 8 17 17
gamma-HCH 15 0.05 0.05 0.7 µg/L 3 12 8 12 13
Hexachlorobenzene 12 0.05 0.07 0.6 µg/L 8 12 10 22 22
Isodrin 11 0.05 0.09 1.3 µg/L 5 8 6 17 19
Methoxychlor 11 0.05 0.12 0.9 µg/L 6 11 9 21 27
o,p-DDE 12 0.05 0.08 0.7 µg/L 7 11 8 25 26
o,p-DDT 10 0.05 0.09 0.7 µg/L 6 12 8 34 35
p,p-DDE 12 0.05 0.12 0.9 µg/L 7 12 9 25 27
p,p-DDT 12 0.05 0.10 0.5 µg/L 6 12 9 33 33
Pentachlorobenzene 12 0.05 0.09 0.8 µg/L 5 8 6 16 17
Pentachloronitrobenzene 12 0.05 0.14 1.0 µg/L 5 8 6 30 27
trans-Chlordane 14 0.05 0.13 0.5 µg/L 6 11 9 24 27
trans-Heptachloroepoxide 14 0.05 0.07 0.9 µg/L 7 11 8 20 23

Table 1 (continued)

Parameter Number Lower Target value Number of results in the data sets Averaged CV
of data limit
sets Min Max Unit Min Max Mean Median Mean (by 
n % variances) %

the data is used for calculating Z-scores. The perfor-
mance criteria will be implemented in the scheme for
calculating performance scores for all participants on a
voluntary basis in the near future. Assuming that there 
is, in fact, progress in the laboratories’ average per-

formance, the Z-score criteria will have to be adapted 
periodically.
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