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FOREWORD 

The IAEA, through the Terrestrial Environment Laboratory of the IAEA Environment 
Laboratories, provides analytical quality control support to Member States in the areas of 
radionuclide, stable isotope and trace element measurements in environmental samples. This 
support includes the provision of reference materials, the organization of proficiency tests, and 
the development and publication of recommended procedures. 

Reliable analytical results are crucial, as they are often the basis of decisions in the context of 
environmental or public health related issues, such as decisions concerning the safety of 
drinking water and required and suitable purification measures.  

This publication presents the results of the worldwide proficiency test IAEA-TEL-2015-01 on 
the determination of selected trace elements and naturally occurring uranium isotopes in 
drinking water. 

The IAEA thanks the National Food Chain Safety Office, Hungary, for providing the raw 
material for the proficiency test samples, and K. Sathrugnan (Singapore) for the design, 
preparation and practical realization of the proficiency test. The IAEA is grateful to the expert 
laboratories that participated in the characterization study and to all the participants in the 
proficiency test exercise who reported results and thus contributed to the present work. The 
IAEA officer responsible for this publication was M. Horsky of the IAEA Environment 
Laboratories. 
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1. INTRODUCTION

The International Atomic Energy Agency’s Environment Laboratories provide assistance to 
Member States’ laboratories by supporting them in quality control and quality assurance efforts 
related to their measurement data. This is accomplished through training activities, the 
production of and supply with (Certified) Reference Materials and the organization of 
Proficiency Tests. These activities are carried out in different areas, with a focus on 
measurement of radionuclides, stable isotopes, trace elements and methylmercury as well as 
organic contaminants in environmental samples. The Terrestrial Environment Laboratory of the 
IAEA Environment Laboratories sets an emphasis on samples from the terrestrial environment 
such as fresh water, vegetation or soil. 

1.1. BACKGROUND 

Access to safe drinking water is a human right. Clean Water and Sanitation was defined as one 
Sustainable Development Goal by the United Nations. The availability and quality of drinking 
water has a significant impact on public health. Therefore, the importance of high quality data 
in drinking water monitoring is evident, as these measurement results are used to assess the 
safety of drinking water for consumption based on defined thresholds. In addition, the level and 
type of contaminants encountered will have implications for the selection and viability of 
treatment measures. Suitable purification measures are one prerequisite for a sustainable supply 
of communities with potable water.  

Typical sources of drinking water are groundwater, springs, surface water, collected 
precipitation and desalinated seawater. Contaminants that can affect the quality of water can be 
of microbial, chemical or radiological nature. Sources of chemical contaminants in water 
include natural presence (e.g., release from bedrock to groundwater) and anthropogenic sources 
such as pipe corrosion or leaching from industrial waste. The WHO lists key chemicals 
responsible for large-scale health effects through drinking water exposure, including the trace 
elements As, Pb and U. [1] 

1.2. OBJECTIVES 

Laboratories carrying out measurements for drinking water monitoring purposes are 
increasingly required to demonstrate competence, e.g. by participation in proficiency tests. In 
particular, this is a prerequisite for accreditation according to ISO 17025 [2]. Beyond formal 
requirements, participation in proficiency tests may help laboratories detect problems in their 
procedures or operation, to identify potential causes and consequently take measures to ensure 
that their analytical results are accurate and reliable. 

The proficiency test (PT) IAEA-TEL-2015-01 was designed to provide laboratories with the 
possibility to assess their proficiency in analyses relevant to monitoring of drinking water 
quality. 

1.3. SCOPE 

Levels of trace elements were adjusted in a mineral water to be either around WHO guideline 
values (where applicable) or in typical concentration ranges to be expected in drinking water. 
The scope of the PT covered the following elements: arsenic, cadmium, copper, lead, uranium 
and zinc. 
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Arsenic is of significant health concern and can occur in natural waters at elevated levels due 
to release from certain bedrocks. The WHO has established a guideline value of 10 µg L-1, 
which is provisional due to practical limitations in As removal by treatment and typical 
quantification limits in this low mass concentration range. The As mass fraction in the sample 
was adjusted to be about 25% lower than the provisional guideline value. [1] 

Lead is a toxic heavy metal and its main source in drinking water is release from plumbing. The 
WHO guideline of 10 µg L-1 is provisional because no threshold for health effects could be 
found, but practical reasons related to treatment and analysis preclude a lower guideline value. 
The mass fraction of Pb in the PT sample is close to the guideline value. Similarly, the value 
for cadmium was chosen, for which the WHO determined a guideline value of 3 µg L-1 in 
drinking water. [1]  

Concentrations of copper, which is both a nutrient and a contaminant, e.g. from pipe corrosion, 
vary widely in water. The guideline value is 2 mg L-1 and the mass concentration was adjusted 
in the lower range of typical concentrations in water at around 5 µg L-1 thus presenting an 
analytical challenge for some measurement techniques. [1] 

The essential trace element zinc was added to obtain a mass concentration in the range typically 
found in ground waters. Levels in drinking water can be elevated due to corrosion of pipes. 
There is no WHO guideline value because Zn is not of health concern at levels found in drinking 
water. [1]  

Uranium mass concentration was adjusted at around 10% of the provisional WHO guideline 
value of 30 µg L-1, but about three times higher than the stated ‘general’ maximum level in 
drinking water. [1]  

In addition to content of trace elements, the determination of individual mass fractions of the 
two major isotopes of uranium was requested from participants. The ratio of the two isotopes 
is characteristic of the type of uranium present in a sample: uranium of natural origin can be 
distinguished from enriched or depleted uranium from the nuclear fuel cycle. The combination 
of different requested measurands targeted users of different analytical techniques. Many 
analytical techniques used in trace element analyses are not capable of analysing individual 
isotopes. Exceptions are mass spectrometry-based techniques and radioanalytical techniques.  

 

2. ORGANISATION 

The proficiency test was announced on the web page of the IAEA Programme on Reference 
Products. Participants registered until 15 August 2015 and received their laboratory code and 
log–in information for the reporting platform. Samples were sent during August 2015. 
Reporting was possible via the on-line reporting platform accessible via the web page. Due to 
ambiguity in the labelling of the original reporting form and related questions received from 
participants, the reporting form was modified on 12 November 2015 and participants were 
informed about it by email. Further details can be found in Section 4.1. Participants were also 
informed that the reporting deadline (initially 31 October 2015) was extended to 
27 November 2015. Individual evaluation reports were made available to participants at the on-
line platform on 7 December 2015. One hundred twenty laboratories from 53 Member States 
registered for the proficiency test. The list of participants can be found in Appendix II. Only 
participants who reported results are listed there. 
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3. PROFICIENCY TEST MATERIAL

3.1. PREPARATION OF THE PROFICIENCY TEST MATERIAL 

The proficiency test sample was prepared from Hungarian mineral water. Eighty litres of water 
were acidified in a plastic barrel to pH 2 using concentrated nitric acid (supra-pure quality) to 
stabilize the analytes in solution. Single-element standard solutions of As, Cd, Cu, Pb, U and 
Zn were added to obtain trace element mass concentrations in the desired range. The spiked 
water was circulated using a mixing pump for 1 hour to ensure complete mixing. High density 
polyethylene bottles with screw caps were cleaned by soaking in 10% nitric acid for at least 24 
hours, rinsed with high purity water (18.2 MΩ·cm), dried and labelled. Aliquots of 500 mL 
were filled into bottles and packed individually in sealable plastic bags. In total, 160 units were 
prepared. 

3.2. CHARACTERIZATION OF THE MATERIAL 

The material was characterized by measurements at four expert laboratories. The analytical 
techniques applied in the characterization study were inductively coupled plasma-mass 
spectrometry with quadrupole (ICP–QMS) and sector-field (ICP–SFMS) mass analysers. The 
applied calibration strategies were isotope dilution, external calibration and standard addition. 

The following four expert laboratories reported their results: 

 Trace Elements Section, Government Laboratory, Hong Kong 
 VIRIS Laboratory, Department of Chemistry, University of Natural Resources and Life 

Sciences, Austria 
 Marine Environmental Studies Laboratory, NAEL, IAEA, Monaco 
 Terrestrial Environment Laboratory, NAEL, IAEA, Austria 

3.3. HOMOGENEITY AND STABILITY 

The material was tested for stability and homogeneity using ICP–QMS. Eight units were 
randomly selected after bottling for the homogeneity study, three aliquots were taken from each 
bottle and mass fractions of As, Cd, Cu, Pb, U and Zn were analysed under repeatability 
conditions. Within-sample standard deviation and between-sample standard deviation were 
calculated according to ISO13528:2015, Annex B. Between bottle standard deviation was 
compared to the standard deviation for proficiency assessment (see Section 3.5) and found to 
be less than 0.3 times the standard deviation for proficiency assessment for all analytes, thus 
the samples could be considered sufficiently homogeneous for the purpose of this proficiency 
test.  

Based on previous experience, the analytes of interest can be considered stable in aqueous nitric 
acid solution at pH 2 in the present mass fraction range. The only concern is a possible change 
in mass fraction value due to evaporation loss of water. The relative loss from a total mass of 
water of about 500 g was expected to be negligible at normal transport and storage conditions 
over the duration of the proficiency test of several weeks. Nonetheless, stability was confirmed 
by analysing aliquots from one bottle, which has been stored at room temperature (20–24 °C), 
for six months. Between two and six aliquots were taken and analysed in June, July, September 
and November 2015, respectively. No drifts were observed, indicating sufficient stability of the 
samples.  
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3.4. ASSIGNMENT OF PROPERTY VALUES AND ASSOCIATED UNCERTAINTIES 

Four expert laboratory results were available for mass fractions of As, Cd and Pb each. The 
robust mean was calculated in accordance with ISO 13528 (Algorithm A) [3] and used as the 
assigned value. Only three expert laboratories provided values for Cu and Zn and the same 
procedure was applied. In case of uranium, four measurement results were available for total 
uranium, determined via external calibration inductively coupled plasma – mass spectrometry 
(ICP–MS). A fifth independent value was calculated from the results obtained for 235U and 238U 
by isotope dilution ICP–MS. These five values were used as a basis to calculate the robust 
mean. Only two measurement results were available for the mass fractions of 235U and 238U. 
Based on the known isotope ratio of natural uranium, three more values were calculated from 
the results for total uranium from three expert laboratories using isotope abundances published 
by the Commission on Isotopic Abundances and Atomic Weights [4]. 

Combined uncertainties were estimated taking into account characterisation uncertainty, i.e. 
standard uncertainty of the assigned value from individual uncertainties of measurement 
reported by the expert laboratories and between-laboratory robust standard deviation. Results 
from the homogeneity and stability studies were not included into uncertainty propagation. 

The relative standard deviation for proficiency assessment 𝜎ො was assigned based on fitness 
for purpose as follows: 10% for mass fractions of As and Cd, 12.5% for mass fractions of Cu, 
U (total) and 238U, and 15% for mass fractions of Pb, 235U and Zn. 

3.5. PROPERTY VALUES AND ASSOCIATED UNCERTAINTIES 

All assigned property values, expanded uncertainties and relative standard deviations for 
proficiency assessment are summarized in Table 1.Table 1 

TABLE 1. ASSIGNED VALUES FOR MASS FRACTIONS OF TARGET ANALYTES, 
ASSOCIATED UNCERTAINTIES AND RELATIVE STANDARD DEVIATION FOR 
PROFICIENCY ASSESSMENT 

Analyte 
Mass fraction  

/ (ng/g) 
Expanded uncertainty (k=2)  

/ (ng/g) 
Relative standard deviation 
for proficiency assessment 

As 7.58 0.61 10% 
Cd 1.99 0.14 10% 
Cu 5.41 0.88 12.5% 
Pb 9.7 1.8 15% 
U (total) 3.08 0.28 12.5% 
235U 0.0222 0.0019 15% 
238U 3.06 0.28 12.5% 
Zn 20.2 3.4 15% 

 

4. DATA HANDLING AND EVALUATION 

Participants reported their data using an online reporting form linked to a MySQL database. 
The open-source software R [5] was used for immediate data evaluation. An individual 
evaluation report based on data taken directly from the database was available online upon 
request by participants. 

A database image was exported to Microsoft Excel after finalisation of the dataset and both 
spreadsheet software and in-house developed R scripts were used for data evaluation including 
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calculation of performance statistics and creation of plots. The data processing steps prior 
calculation of performance statistics are briefly described in the following. Appendix I contains 
summary tables and graphical representations created using R scripts and converted into pdf 
format. 

4.1. UNCERTAINTY OF MEASUREMENT 

The data reporting form included two fields for each result (each analyte) describing the 
precision or dispersion of data: a standard deviation of several replicate 
measurements/determinations (and the number of replicates used) and a combined standard 
uncertainty of measurement (per definition implying and explicitly stating a coverage factor 
k=1). An initial ambiguity in labelling, which was corrected during the reporting period, led to 
some confusion among participants and consequently inconsistencies in the dataset. Therefore, 
only performance statistics not considering uncertainties of measurement (i.e. z scores as a 
measure of trueness) were calculated in the first instance and reported back to participants in 
their individual evaluation reports. 

The following approach was then used in the comprehensive evaluation to allow the calculation 
of further performance statistics and the careful interpretation of results also with respect to 
accuracy (including both trueness and precision). When a number was reported in the field 
‘Combined standard uncertainty (k=1)’, this value was generally used as uncertainty in further 
evaluation and plotted as an error bar. An exception was made, when the recurrence of integer 
numbers (1, 2, 3…) in the field ‘Combined standard uncertainty (k=1)’ was found for all results 
of one laboratory; then the value in the field ‘Standard deviation’ was plotted instead. This was 
due to the fact, that the original label of the field was ‘MU budget with k factor’ which caused 
the misunderstanding that the applied k factor should be input. When the field ‘Combined 
standard uncertainty (k=1)’ was left blank, the value provided in the field ‘Standard deviation’ 
was used as reported uncertainty value.  

The relative uncertainty of participants’ results was calculated by dividing the reported 
uncertainty by the reported value. Results for analytes that indicated zero as the obtained mass 
fraction were excluded from this evaluation.  

4.2. ANALYTICAL TECHNIQUES 

The reporting form provided a free text field where participants were asked to input the applied 
analytical technique. In order to facilitate evaluation and interpretation, categories were defined 
and separate entries for each analyte were created manually based on the free text entries. When 
participants mentioned several techniques but did not specify which analytes had been 
determined by which method, ‘unclear/several’ was input for all analytes. Some laboratories 
indicated published standard methods (e.g., US EPA 6020A, APHA 3120B). When the stated 
method was specific to only one measurement technique, it was included into evaluation. When 
only sample preparation methods were indicated, the entry was categorized as ‘unclear/several’. 
The applied analytical techniques were grouped into categories as defined in Table 2. The 
discussion in Section 6.1 includes the original information as provided by the laboratories. 
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TABLE 2. ANALYTICAL TECHNIQUE CATEGORIES, ACRONYMS AND EXPLANATIONS 

category explanation 

AAS atomic absorption spectrometry (including flame AAS, graphite 
furnace (GF) AAS, and hydride generation (HG) AAS) 

ICP–OES or MP–OES Inductively coupled plasma–optical emission spectrometry or 
microwave plasma–optical emission spectrometry 

ICP–MS  inductively coupled plasma–mass spectrometry (with quadrupole 
mass analyser or not further specified) 

ICP–SFMS inductively coupled plasma–mass spectrometry with sector field 
(SF) mass analyser, equivalent to high resolution (HR) ICP–MS 

polarography polarography (special case of voltammetry) 

alpha particle spectrometry alpha particle spectrometry (equivalent to alpha spectrometry) 

gamma ray spectrometry gamma ray spectrometry (equivalent to gamma spectrometry) 

fluorimetry or KPA fluorimetry (not further specified) or kinetic phosphorescence 
analyser 

unclear/several statement of several techniques or other ambiguous information 

not stated participants did not input any information on applied analytical 
technique(s) 

 

5. PERFORMANCE STATISTICS AND EVALUATION CRITERIA 

Performance statistics were calculated in accordance with ISO/IEC 17043:2010 [6] and The 
International Harmonized Protocol for the proficiency testing of analytical chemistry 
laboratories [7] unless otherwise stated. 

5.1. RELATIVE BIAS  

The relative bias Drel (or percent difference) of the reported value x from the assigned value X 
was calculated according to Equation (1). 

 𝐷 =
௫ି


∙ 100% (1) 

where  

𝐷  is the relative bias; 
x  is the reported mass fraction value; and  
X  is the assigned mass fraction value. 

Thresholds can be set to define satisfactory performance based on a maximum acceptable 
relative bias. This approach is equivalent to the evaluation according to z scores.  
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If combined with an uncertainty of the bias, as obtained from propagating the uncertainties of 
the reported mass fraction value x and the assigned mass fraction value X (Equation (2)), a 
statement of accuracy of the reported measurement result can be derived. Typically, a coverage 
factor of two is employed, corresponding to approximately 95% confidence level (given normal 
distribution). As an example, a relative bias of 7.3% ± 8.5% (k=2) would indicate an in 
insignificant bias and hence an accurate result at the stated confidence level, whereas a relative 
bias of 5.1% ± 3.5% (k=2) – even though smaller – would be significant and indicate inaccuracy. 
The expanded uncertainty of the bias U(Drel) can be obtained by uncertainty propagation of 
both the combined uncertainty of the assigned value X and the combined uncertainty of the 
reported measurement result x and multiplication with an appropriate coverage factor k. 

𝑈(𝐷) = 𝑘 ∙ 𝑢(𝐷) 

= 𝑘 ∙ ඩ൭
𝜕𝐷

𝜕𝑥
∙ 𝑢(𝑥)൱

ଶ

+ ൭
𝜕𝐷

𝜕𝑋
∙ 𝑢(𝑋)൱

ଶ

 

 = 𝑘 ∙ ඨ൬
ଵ

௫
∙ 𝑢(𝑥)൰

ଶ

+ ൬−
௫

మ
∙ 𝑢(𝑋)൰

ଶ

 (2) 

where 

𝑈(𝐷) is the expanded uncertainty of measurement of the relative bias; 
k is the coverage factor; 
𝑢(𝐷) is the combined uncertainty of measurement of the relative bias; 
𝐷 is the relative bias (see Equation (1)); 
x  is the reported mass fraction value;  
𝑢(𝑥) is the combined uncertainty of measurement of the reported mass fraction value; 
X  is the assigned mass fraction value; and 
𝑢(𝑋) is the combined uncertainty of measurement of the assigned mass fraction value. 

A rating solely based on significance of the bias is not useful because it encourages the reporting 
of an overestimated uncertainty of measurement. It may help laboratories to recognize 
significant underestimation or reported uncertainty, though.  

5.2. Z SCORE  

The z score values are calculated according to Equation (3): 

 𝑧 =
௫ି

ఙෝೝ∙
  (3) 

where  

z  is the z score; 
𝜎ො  is the relative standard deviation for proficiency assessment (see Section 3.5);  
x  is the reported mass fraction value; and  
X  is the assigned mass fraction value. 
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Results were rated according to the following criteria for absolute values of the statistic z: 

 |z| ≤ 2  indicates satisfactory performance; 
 2 < |z| < 3  indicates questionable performance;  
 |z| ≥ 3 indicates unsatisfactory performance. 

 
This implies that a relative difference between the reported result and the assigned value of 
equal or less than two times the relative standard deviation for proficiency assessment was 
considered satisfactory. Assigned relative standard deviations for proficiency assessment are 
listed in Table 1 on page 4. Consequently, a relative difference of equal or less than 20% for 
mass fractions of As and Cd, 25% for mass fractions of Cu, U (total) and 238U, and 30% for 
mass fractions of Pb, 235U and Zn indicated satisfactory performance. Accordingly, 
performance was considered questionable at relative differences between the reported result 
and the assigned value of more than two times, but equal or less than three times the relative 
standard deviation for proficiency assessment. Relative differences of more than 3 × 𝜎 
resulted in the rating ‘unsatisfactory’. 

5.3. ZETA SCORE  

The 𝜁 (zeta) score values allow a combined assessment of the reported value and the reported 
uncertainty of measurement, and thus of the accuracy of the reported result. Zeta scores are 
calculated according to Equation (4) 

 𝜁 =
௫ି

ට௨ౙ
మ(௫)ା௨

మ()

  (4) 

where  

𝜁 is the zeta score 
x  is the reported mass fraction value; 
X  is the assigned mass fraction value; 
uc(x) is the combined uncertainty of measurement of the reported value; and  
uc(X) is the combined uncertainty of the assigned value. 

Results are usually rated based on the following criteria for absolute values of the statistic ζ: 

 |ζ| ≤ 2  indicates satisfactory performance; 
 2 < |ζ| < 3  indicates questionable performance; 
 |ζ| ≥ 3 indicates unsatisfactory performance. 

 
This rating was not applied in this exercise, but calculated zeta scores are listed for information 
in Appendix I. 
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6. RESULTS AND DISCUSSION 

6.1. GENERAL PARTICIPANT STATISTICS AND APPLIED ANALYTICAL 
TECHNIQUES 

One hundred and twenty laboratories from 53 Member States registered for participation in the 
proficiency test, of which 93 from 49 countries reported results (78%). Twenty-six laboratories 
submitted results for all requested analytes. This low proportion is due to the fact that only few 
methods are capable of analysing all requested analytes. Values for mass fractions of at least 
all five stable trace elements As, Cd, Cu, Pb and Zn were provided by 61 laboratories. Sixteen 
laboratories reported only values for the mass fraction of uranium, either for total uranium or 
for at least one of the isotopes. In total, 501 values were submitted.  

Table 3 lists the number of values reported by all participating laboratories for each analyte and 
each analytical technique. The most commonly applied techniques are mass spectrometric 
techniques (ICP–QMS and ICP–SFMS) followed by the optical spectroscopic techniques ICP–
OES and AAS. One laboratory applied MP–OES for Cu and Zn determination. Other optical 
spectroscopy techniques were rarely used; two laboratories mentioned fluorimetry and three 
laboratories applied kinetic phosphorescence analysis (KPA) for the measurement of total U 
mass fraction. Electroanalytical techniques (voltammetry and its special case polarography) 
were employed by four laboratories. Thirteen laboratories did not provide any information 
about the applied instrumentation or method. 

One mass fraction value for Pb was reported to have been measured by gamma-ray 
spectrometry, probably either due to a reporting mistake or due to a misunderstanding of the 
fact that stable lead was the analyte of interest in this exercise and not a radioisotope of Pb. 
 
TABLE 3. NUMBER OF VALUES REPORTED PER ANALYTE AND ANALYTICAL 
TECHNIQUE  

Analytical technique As Cd Cu Pb Utotal 235U 238U Zn sum 
AAS 11 12 12 13 0 0 0 10 58 
ICP–OES or MP–OES 6 8 9 8 1 0 1 9 42 
ICP–MS (including ICP–SFMS) 34 34 34 35 25 17 18 34 231 
Polarography 1 2 2 2 0 0 0 2 9 
Alpha-particle spectrometry 0 0 0 0 12 12 16 0 40 
Gamma-ray spectrometry 0 0 0 0 3 2 2 0 7 
Fluorimetry or KPA 0 0 0 0 3 0 0 0 3 
Unclear/several 2 4 4 5 4 4 4 3 30 
Not stated 10 12 13 12 9 4 9 12 81 
Sum 64 72 74 75 57 39 50 70 501 

 

6.2. STATISTICAL DESCRIPTION OF REPORTED MASS FRACTION VALUES 

Histograms were created from all reported mass fraction values in the interval between zero 
and three times the assigned value. Distributions were found unimodal and roughly 
approximated by normal distributions for most of the measurands even though contaminated 
by outliers. In case of 235U, the total number of results was low, and the dispersion was very 
wide. In addition, the high proportion of partly extreme outliers (likely blunder) biased the 
dataset for 235U. Summary histograms are shown in Figures 4, 8, 12, 16, 20, 24, 28 and 32 in 
Appendix I. 
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6.3. REPORTED UNCERTAINTY OF MEASUREMENT 

The information content and comparability of the compiled values for uncertainty of 
measurement as reported by all participants is limited. Two possible main reasons were 
identified: (a) the ambiguity in the reporting form as to what should be inserted there and 
consequent change of the labelling and (b) possible inconsistencies in the understanding of the 
concepts and terminology of uncertainty of measurement and the practical implementation 
between some participating laboratories. Both reasons may be related to a lack of instructions 
provided, what participants are expected to calculate and report (and how to calculate it).  

For instance, the terms ‘standard deviation’ and ‘uncertainty’ are sometimes used ambiguously. 
In this report, the term ‘combined standard uncertainty (of measurement)’ or more briefly 
‘combined (measurement) uncertainty’ uc refers to a property of the measurement result 
describing its dispersion. It is obtained by combining the individual uncertainties of the values 
of the input quantities to the measurement model equation. It is usually calculated as part of the 
method validation or may be determined for every individual sample and expressed as a 
standard deviation. The expanded uncertainty (of measurement) U is obtained from the 
combined standard measurement uncertainty by multiplication with a coverage factor k. The 
expanded uncertainty U is a “quantity defining an interval about the result of a measurement 
that may be expected to encompass a large fraction of the distribution of values that could 
reasonably be attributed to the measurand” [8]. It is typically reported with a coverage factor of 
2 and relates to a confidence level of about 95% (given normal distribution).  

Even though the combined standard uncertainty is expressed as a standard deviation, the term 
‘standard deviation’ alone is typically used to express, that several replicate determinations of 
the sample of interest are performed (for practical reasons usually under repeatability 
conditions) and a standard deviation is calculated assuming normal distribution. Sometimes, 
the ‘standard error of the mean’ or ‘standard deviation of the mean’ is reported instead, which 
is obtained from the standard deviation by dividing it by the square root of the number of 
replicates. 

The standard deviation obtained in this way describes the repeatability, intermediate precision 
or reproducibility of the measurement method, depending on which factors were varied between 
replicates. In most cases it will correspond to a repeatability precision. The combined 
uncertainty of measurement should include this ‘source of uncertainty’, but beyond that should 
it contain the uncertainties of all other input quantities to the measurement model that may 
influence the result. This may include, for example, the uncertainty of balances, volumetric 
devices or other equipment used during sample preparation and the uncertainty associated to 
the calibration, such as the uncertainty of the certified value of the reference material used for 
calibration. Therefore, the combined standard uncertainty of measurement must be larger than 
the simple standard deviation of a few replicate measurements of a sample. (If the dominant 
sources of uncertainty are varied between the replicate determinations, it can also be equal to 
the standard deviation within significant digits). For further information on theoretical 
background and practical advice on how to determine the combined standard uncertainty, we 
refer the reader to the Guide to the Expression of Uncertainty in Measurement (GUM, [8]) and 
the EURACHEM/CITAC Guide Quantifying Uncertainty in Analytical Measurement [9]. 

Relative uncertainty values ranged from 0.02% to several values of more than 50% in the set 
of all reported data. A histogram with pre-selected bins of unequal width depicts the distribution 
of relative combined standard uncertainties colour–coded by analytical technique (FIG. 1). It 
shows approximately bimodal distribution with one maximum at > 1% and ≤ 3% relative 
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combined uncertainty and another at >10% and ≤ 20%. There is no clear difference between 
different techniques or groups of techniques (e.g. radiometric vs. optical or mass-
spectrometric).  

 

FIG. 1. Histogram of relative combined uncertainties of reported mass fraction values for different 
applied analytical techniques. 

An evaluation by analyte (not shown) indicates similar reported relative uncertainties for all 
analytes with the exception of 235U, where about two thirds of reported values were 
accompanied by relative uncertainties of more than 10%. This can reasonably be explained by 
the mass fraction value, which had to be determined, being two orders of magnitude lower. It 
must be noted, that for the reasons explained earlier, the informative value of the dataset related 
to uncertainty of measurement is limited and prevents meaningful conclusions on the actual 
uncertainties in relation to applied methods. Some additional observations are summarized in 
the following. 

Out of 93 reporting laboratories, six laboratories (6.5%) left both the field for standard deviation 
and the field for combined uncertainty blank, either for all or some reported analyte mass 
fraction values. Two laboratories reported zero standard deviation and no combined uncertainty 
value for some analyte mass fractions. All these results cannot be considered complete, as a 
statement of uncertainty is an integral part of any measurement result. The lack of an uncertainty 
statement renders the interpretation of a value, e.g. for the purpose of conformity assessment, 
impossible. Even though the numeric result of a calculation can deliver zero, the combined 
uncertainty of measurement can never be zero. 

Three laboratories reported the same numeric value for the combined standard uncertainty of 
all reported analyte mass fraction values. All these values may have been reported due to a 
confusion between absolute combined standard uncertainty, a quantity with the same unit as 
the result value, and the relative combined standard uncertainty, a dimensionless quantity, often 
expressed in percent.  

36% of laboratories left one of the two dispersion related fields blank. 27% of reporting 
laboratories (n = 25) entered combined standard uncertainty values that are consistently higher 
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than the respective standard deviations, which is the reasonable expectation in accordance with 
the definitions stated above. Another six laboratories reported either higher or equal values. In 
two cases, the reported uc value was found to be a multiple of the indicated standard deviation. 

Twenty percent (n = 19) of the reporting laboratories reported at least one uncertainty value that 
was lower than the respective standard deviation of n replicate determinations of an analyte. 
This may be due to a lack of understanding of the concept of combined uncertainty, or due to 
unsuitable uncertainty propagation resulting in the underestimation of the combined 
uncertainty. In one case, the reported combined standard uncertainty was consistently half of 
the value in the field ‘standard deviation’ for each analyte. This may indicate, that ‘standard 
deviation’ was understood to denote an expanded uncertainty (k = 2). Another laboratory 
reported the standard error of the mean in the field ‘combined standard uncertainty’. 

The following observations were made related to the number of replicate determinations made 
by participants. It is most common to analyse three replicates (41% of the reported values), but 
replicate numbers ranging from 1 (7%) to 20 were reported. 6% of the reported values did not 
include a statement of the number of replicates. If the method has been validated and 
representative sampling of a homogeneous sample is ensured, it may be sufficient to measure 
one sample replicate (typically, each measurement will consist of the collection of several data 
points, though), and will not prevent the reporting of an accurate estimate of the combined 
standard uncertainty of measurement. It is strongly recommended, that laboratories apply the 
same procedures (including a typical number of replicate determinations) during participation 
in a proficiency test as they apply for routine samples, in order to get information on the quality 
of typical (routine) results of the laboratory. 

6.4. PERFORMANCE STATISTICS 

6.4.1. Relative bias 

The relative bias was calculated for each reported measured value. Results are listed in Tables 
6, 8, 10, 12, 14, 16 and 18 in Appendix I. The relative bias gives an indication of the trueness 
of a measured value. In addition, the expanded uncertainty of the relative bias was calculated 
and listed as well in above mentioned tables for information. 

6.4.2. z Scores 

The initial individual evaluation of performance of laboratories, as made available in individual 
evaluation reports on the reporting platform, was based solely on z scores. FIG. 2 gives a 
summary of the rating of all reported values based on z scores. Relative proportions in the pie 
chart refer to the total number of values reported for all analytes. 
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FIG. 2. Relative distribution of z scores for all reported values. 

Tables 6, 8, 10, 12, 14, 16 and 18 listing individual laboratories’ reported results for each 
analyte, calculated z scores and ratings can be found in Appendix I. 

Table 4 lists z scores of all reported values in one row for each laboratory and one column for 
each analyte. Scores rated ‘satisfactory’ are shown with green background colour, while scores 
rated ‘warning’ are coded in light orange. Unsatisfactory ratings are indicated by dark orange 
background colour. Entries ‘n.r.’ in the table indicate ‘not reported’.  

In total, 27 laboratories (29%) reported exclusively satisfactory results. On the other end of the 
scale, eleven laboratories reported only unsatisfactory results based on z scores. The relative 
proportion of satisfactory results per analyte was between 62% and 77% of all reported values 
for each analyte, except 235U where only 44% of the values were acceptable. The relative 
proportion of satisfactory results increased for individual analytes in the following order: 235U 
< Cu < Utotal < 238U < Zn < Cd < Pb < As.  

An evaluation by method code reveals that the highest proportion of satisfactory results was 
achieved by application of ICP–SFMS (97% of 30 reported values), followed by ICP–MS (85% 
of 201 reported values). The number of reported results obtained by some techniques (e.g. 
polarography and gamma-ray spectrometry) was very low, therefore meaningful conclusions 
are not possible. The relative proportion of satisfactory results was 55% of 42 values determined 
by ICP–OES or MP–OES and 40% of 58 values determined by AAS. In case of alpha particle 
spectrometry (only U), 38% of 40 reported values were rated satisfactory. The incompleteness 
of information available (111 values were accompanied by no or only unclear information about 
applied analytical techniques) and low number of reported values for individual techniques such 
as GF–AAS compromises further interpretation. The determination of the mass fraction of 235U 
presented a particular challenge to participants, apparent by the wide distribution of results and 
low proportion of acceptable z scores. 
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TABLE 4. SUMMARY TABLE OF Z SCORES OF ALL REPORTED VALUES SORTED BY 
LABORATORY CODE AND ANALYTE  

Lab code As Cd Cu Pb Zn U-total U-238 U-235
1 -2.36 -1.06 -0.31 -0.25 -0.34 -1.35 n.r. n.r.
2 9.38 3.32 0.26 0.82 -0.48 n.r. n.r. n.r.
3 n.r. n.r. n.r. n.r. n.r. 1.90 1.73 22 
4 0.71 -0.45 1.16 -0.09 -0.91 -0.47 -0.84 -0.06
5 n.r. n.r. n.r. n.r. n.r. 39 37 234 
6 1.96 0.07 -1.14 -0.88 1.55 152 153 n.r.
7 0.07 -3.32 -1.73 -3.63 -1.68 -2.47 -2.43 -0.54
8 n.r. n.r. n.r. n.r. n.r. 2.13 1.78 46 
9 4.25 -0.65 -2.01 0.15 -0.99 n.r. n.r. n.r.

10 n.r. n.r. n.r. n.r. n.r. 0.10 0.16 -0.33
11 n.r. n.r. n.r. n.r. n.r. 3.92 3.92 32 
12 1.42 -0.90 -1.30 0.05 -1.58 0.95 0.94 0.84 
13 1.91 1.11 0.67 0.34 0.23 -0.31 -0.31 -0.30
17 2.73 -1.06 -1.15 -0.27 -0.86 0.49 0.47 0.39 
18 n.r. -0.25 -4.23 -1.84 -2.21 n.r. n.r. n.r.
20 0.82 -0.95 0.43 -0.69 -0.56 1589 1571 3297 
21 0.51 0.45 0.37 0.18 -0.86 n.r. n.r. n.r.
22 0.51 1.46 -0.53 0.12 0.46 1.32 1.32 1.14 
23 -1.30 -0.91 -1.58 -0.55 -2.85 -0.12 n.r. n.r.
25 n.r. n.r. n.r. n.r. n.r. 2.47 n.r. n.r.
26 n.r. n.r. n.r. n.r. n.r. n.r. 2.64 n.r.
28 n.r. n.r. n.r. n.r. n.r. 39 38 n.r.
29 0.12 -0.50 -0.16 0.03 0.40 n.r. n.r. n.r.
30 1.21 -0.95 1.46 -1.03 -1.39 -1.25 -1.20 n.r.
31 n.r. n.r. n.r. n.r. n.r. 0.68 0.63 2.64 
32 -0.80 -2.31 -0.86 -1.40 -1.94 -1.53 -1.54 -0.96
33 n.r. n.r. n.r. 165 n.r. 583 581 669 
34 n.r. n.r. 20 5.02 n.r. n.r. n.r. n.r.
36 0.55 1.06 -0.61 0.21 -0.73 1.40 1.46 1.23 
37 1.70 3.17 0.49 -0.30 -0.07 1.69 n.r. n.r.
38 n.r. -0.05 6.79 1.44 -0.79 337 n.r. n.r.
40 -8.55 894 57 70 -6.04 n.r. n.r. n.r.
43 n.r. n.r. n.r. n.r. n.r. n.r. -2.43 n.r.
44 n.r. n.r. n.r. n.r. n.r. 0.83 0.89 n.r.
45 n.r. n.r. n.r. n.r. n.r. n.r. -1.18 5.05 
46 0.66 1.01 -0.84 0.41 -0.92 n.r. 0.65 n.r.
48 -1.49 13 0.81 2.60 -3.03 n.r. n.r. n.r.
50 n.r. n.r. n.r. n.r. n.r. 0.10 0.06 3.84 
51 n.r. n.r. n.r. n.r. n.r. n.r. -7.91 -6.07
53 19 8.94 94 14 n.r. n.r. 4.29 1675 
54 0.29 0.05 -1.20 -0.07 n.r. n.r. -0.68 n.r.
56 1.53 -1.31 -0.35 -1.84 0.65 -0.65 -0.60 861 
58 -0.37 -1.86 -1.35 -2.28 -0.07 -2.26 -2.14 648 
59 0.59 0.35 -1.46 0.57 -1.34 n.r. n.r. n.r.
63 0.53 -0.80 -0.68 -0.48 -1.34 -4.22 -4.26 405 
64 -2.55 -1.56 3.39 -2.43 5.02 -0.44 -0.47 -0.36
65 0.07 -0.25 -0.72 0.41 -0.83 0.52 0.58 n.r.
67 -1.62 3.57 2.06 0.17 19 n.r. n.r. n.r.
68 -0.77 -1.68 -1.89 -1.78 -2.31 n.r. n.r. n.r.
69 n.r. 25 85 n.r. -0.40 n.r. n.r. n.r.
70 -2.94 -1.26 -1.07 0.17 2.72 0.48 0.38 11 
71 0.90 0.00 -0.72 -0.26 -0.34 -0.03 -0.03 -0.09
72 n.r. n.r. 6.55 1.10 1.58 n.r. n.r. n.r.
73 2.43 0.45 60 11 12 5.56 5.65 n.r.
74 n.r. 15 19 11 7.19 n.r. n.r. n.r.
77 0.55 0.05 -0.61 -4.88 -1.72 -0.21 -0.16 5.05 
78 0.57 0.75 -0.12 0.34 1.98 0.70 n.r. n.r.
79 -2.10 91 22 7.08 6.24 n.r. n.r. n.r.
80 -1.84 91 22 14 3.16 n.r. n.r. n.r.
81 n.r. -5.25 -6.64 3.21 -0.91 n.r. n.r. n.r.
82 n.r. n.r. 35 n.r. 0.90 n.r. n.r. n.r.
83 n.r. n.r. n.r. n.r. n.r. 3.07 2.92 19 
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TABLE 4. SUMMARY TABLE OF Z SCORES OF ALL REPORTED VALUES SORTED BY 
LABORATORY CODE AND ANALYTE (CONTD.) 

Lab code As Cd Cu Pb Zn U-total U-238 U-235 
84 -1.38 -0.64 -0.62 0.15 1.28 1.77 n.r. n.r. 
85 -0.77 0.10 -1.05 -0.69 -0.36 0.03 0.00 0.21 
86 1.08 0.20 -0.90 0.14 -0.64 0.57 n.r. n.r. 
87 0.82 0.05 -0.31 0.79 0.30 0.57 n.r. n.r. 
88 -10.00 -3.47 1.91 -4.67 3.56 3.48 2.72 89 
89 0.16 0.55 -1.79 0.14 -0.89 n.r. n.r. n.r. 
91 0.44 -0.80 -2.90 -0.38 1.36 -0.45 -0.56 16 
92 1.32 0.20 -0.38 0.21 0.20 n.r. n.r. n.r. 
95 n.r. -3.47 6.79 -0.14 -3.20 2.73 n.r. n.r. 
97 1.87 1.41 -0.27 -3.89 -1.98 n.r. n.r. n.r. 
99 -4.99 -1.21 -1.79 0.00 -1.95 n.r. n.r. n.r. 

101 1.62 0.25 2.53 -1.09 0.03 n.r. n.r. n.r. 
105 -3.01 -0.95 n.r. -0.34 n.r. n.r. n.r. n.r. 
106 0.24 -3.52 n.r. 0.04 n.r. n.r. n.r. n.r. 
107 0.29 -0.70 -1.12 -0.84 -0.92 -0.60 -0.60 -0.36 
108 n.r. 3.42 43 -1.04 -1.05 n.r. n.r. n.r. 
109 0.95 -0.45 -1.05 -0.48 -0.50 1.35 1.41 n.r. 
110 -1.50 -1.36 1.09 -0.94 -0.31 -1.22 n.r. n.r. 
111 -1.69 -2.24 -1.79 -1.17 -1.65 -0.99 -0.22 -2.91 
112 0.29 0.85 8.27 0.89 -2.38 n.r. n.r. n.r. 
113 1.74 -0.15 -1.15 -0.55 -0.69 0.13 0.13 0.06 
115 -0.82 -2.06 2.20 -0.53 -0.50 -4.68 n.r. n.r. 
116 -8.50 -0.40 2.75 -2.53 -4.47 n.r. n.r. n.r. 
117 0.08 -0.70 -0.84 -0.19 -0.23 -0.03 -0.04 -0.01 
118 -0.58 -1.31 -1.15 -0.44 -2.18 -0.44 -0.44 0.24 
119 n.r. n.r. n.r. n.r. n.r. 104 104 86 
120 1.21 3.57 2.06 -0.82 2.21 2.13 1.93 21.26 
121 n.r. -0.30 3.49 0.96 n.r. 6.78 n.r. n.r. 
122 2.14 -1.01 -2.23 -3.57 -0.07 -1.19 -1.18 -0.96 
123 1.74 0.05 -2.09 -0.48 -3.04 62 n.r. n.r. 
124 n.r. n.r. -8.00 -6.67 -6.67 n.r. n.r. n.r. 

 

In general, the proportion of satisfactory values reflects to some extent the sensitivity of 
individual techniques and consequently fitness of purpose for the determination of the requested 
measurands at the present levels. However, high sensitivity instrumentation does not guarantee 
high quality results. On the other hand, reliable measurements at potentially challenging low 
levels are also possible using techniques typically applied at higher concentration ranges 
provided fit-for-purpose methods are developed and applied.  

6.4.3. Zeta scores 

Calculated zeta (ζ) scores are listed for individual laboratories’ results for each analyte in 
Appendix I. The meaningfulness of ζ scores was limited in this exercise due to inconsistencies 
in reporting of uncertainties of measurement as explained before. Therefore, no rating was listed 
in the tables. 

6.5. METHOD VALIDATION 

Fifty-four laboratories (58%) reported that they had used validated methods. This information 
was requested per laboratory and not per analyte. Some labs inserted comments, that they had 
not validated all applied methods for the determination of reported analytes.  

Among those laboratories with satisfactory z scores for all reported analyte mass fractions, 69% 
stated that they had used validated methods. In contrast, only 50% of laboratories with less than 
50% satisfactory z scores (i.e. 50% or more reported values with warning or unsatisfactory 
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rating) used validated methods. It is apparent, though, that the use of validated methods (as 
stated) does not guarantee satisfactory results. The average percentage of results with 
satisfactory z scores is 65% for laboratories using validated methods and 56% for laboratories 
using non-validated methods. Unsatisfactory results may indicate that the method was not fit 
for the intended use. One possible deviation could be a discrepancy between the requested 
measurand and the scope of the validated method, e.g. that the method was validated for a 
different working range or a different matrix. Thus, the applied method may not have been fit 
for the intended use for this proficiency test sample. Particular attention should be paid to limits 
of detection and limits of quantification. Values below the latter can only be considered semi-
quantitative and are accompanied by a higher uncertainty of measurement. It is important that 
this is reflected accordingly in the reported uncertainty.  

No information was assessed regarding accreditation of laboratories. Several laboratories 
mentioned accreditation in a comment. Documented method validation is a prerequisite for 
accreditation according to ISO 17025 [2]. 

6.6. USE OF CERTIFIED REFERENCE MATERIALS 

Out of 93 reporting laboratories, 55 provided information on the use of a (certified) reference 
material. Many used water matrix certified reference materials and a few used samples from 
other proficiency tests. In the majority of cases, the analytes present in the mentioned materials 
corresponded with the analytes reported by the laboratory. One laboratory reported the use of a 
solid certified reference material certified only for analytes not requested in this exercise. 
Around 20 laboratories mentioned single element or multielement standard solutions, but it was 
not clear, whether these were used for calibration and/or quality control purposes. Several 
laboratories working with alpha spectrometry mentioned the use of an isotope-enriched tracer. 
Four laboratories only stated ‘yes’, i.e. that they had used a reference material without giving 
further information, while two laboratories entered ‘no’ to the respective field in the 
questionnaire. Thirty-seven laboratories left the field blank. 

The use of a matrix certified reference material which should match the composition of the 
sample and the concentration range of analytes as closely as possible is strongly recommended. 
It is mandatory, that values for all analytes of interest are known for the used material to make 
it fit for the intended use as validation or quality control material. In case of water analysis, it 
is possible to use single or multielement standard solutions to prepare an in-house quality 
control sample. It is important to account for purity of the used solutions in the uncertainty 
estimation and not to use the same stock solutions for both calibration and quality control 
solutions. Ideally, the matrix (total dissolved solids, anions present, etc.) of the water should be 
matched as closely as possible in such an in-house quality control sample. 

6.7. TRACEABILITY 

Traceability is defined as a ‘property of a measurement result whereby the result can be related 
to a reference through a documented unbroken chain of calibrations, each contributing to the 
measurement uncertainty’ [10]. The reference can be the definition of a measurement unit, such 
as an SI unit. The chain of calibrations may include the calibration of balances (using weights 
calibrated by a metrological institution which is using calibrated balances and weights itself for 
this purpose), the calibration of volumetric devices such as pipettes or volumetric flasks against 
a reliable reference (e.g. using a calibrated balance and a calibrated thermometer) or the 
calibration of a measuring instrument using certified reference materials, which were 
characterized by their producers using calibrated instrumentation. Reference material 
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producers, e.g. the National Institute of Standards (NIST), play a crucial role in the traceability 
of measurements in laboratories and therefore must ensure the traceability of the certified values 
stated in certificates of analysis accompanying the materials. Several participants stated 
‘traceability to NIST’ or to a NIST material in the questionnaire. This is also a common 
statement on certificates of single element standard solutions prepared from solid NIST 
standards. 

 

7. CONCLUSIONS 

Ninety-three laboratories from 49 Member States participated in the proficiency test exercise 
IAEA-TEL-2015-01 and were consequently able to assess their proficiency in the analysis of 
trace elements and naturally occurring uranium isotopes 238U and 235U in drinking water. The 
low analyte levels in the water sample presented a challenge for many analytical techniques. 
Nonetheless, 68% of all submitted property values were rated satisfactory based on z scores. 
Several applied techniques are capable of reliable determination of trace elements in the low 
ng/g range in water. Knowledge of the figures of merit of the applied method is of key 
importance. In particular, the determination and consideration of the limits of detection and 
quantification, the working range and the uncertainty of measurement at the respective analyte 
mass fraction or concentration level in a sample are crucial parameters in method validation.  

Results from statistical analysis of reported data reflect certain possible problems laboratories 
may have experienced in the measurement of related mass fractions. The dispersion of reported 
results for those trace elements that occur at higher abundance in the environment (Cu, Zn) is 
wider than that for As, Pb and Cd, indicating possible problems with high backgrounds or 
contamination introduced by the laboratory environment. The reliable quantification of mass 
fractions of these trace elements in the low ng/g range is challenging and requires 
countermeasures against metal contamination, such as cleanroom facilities with air filters and 
clean plastic labware.  

The determination of the low mass fraction of uranium in the water sample, and in particular of 
the nuclide 235U presented a challenge for many participants. It was particularly difficult for 
those laboratories applying traditional radiometric techniques due to the combination of low 
total mass of uranium provided (about 1.5 µg), and very long half-life of uranium resulting in 
very low activity (< 20 mBq total uranium, < 1 mBq 235U) of the water sample.  

One of the lessons learned from the organisation and evaluation of this proficiency test in the 
area of trace element analysis is that there is a need for providing better instructions in relation 
to what is expected to be reported as a result within the proficiency test. In particular, 
explanation of terms related to measures of dispersion, such as the uncertainty of measurement, 
should be provided to participants in future exercises. While related concepts are well-known 
in the radiometric community, many analytical chemists are not equally familiar with terms and 
calculation approaches. This observation may indicate that capacity building in relation to the 
calculation of appropriate combined uncertainties of measurement, which are a key component 
of any measurement result, would contribute to improved analytical results being available in 
Member States. These measurement results form the basis for the monitoring of heavy metals 
in drinking water, food or different environmental compartments. Statements of compliance to 
legal thresholds are only reliable when the uncertainty of measurement results is both 
appropriately estimated and fit for the purpose. 



 



APPENDIX I.    PERFORMANCE EVALUATION BY ANALYTE

I.1 ARSENIC

TABLE 5. ASSIGNED VALUES

Parameter Value
7.58
0.61

Mass fraction/(ng/g)
Expanded uncertainty (k=2)/(ng/g)
Relative standard deviation for proficiency assessment/% 10

FIG. 3. Pie chart showing the percentage of results for As that were rated "accepted", "warning" 
and "not accepted".

FIG. 4. Histogram showing frequency of reported values for As. Reported values exceeding 3× the 
assigned value are not shown.
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FIG. 5. Reported results for As, sorted by value. Blue data points show accepted results, yellow 
indicates warning and red not accepted result based on z score evaluation. Error bars represent 
expanded uncertainty of measurement (k=2) calculated from reported combined uncertainty. The 
green solid line indicates the assigned value, the dotted green lines indicate the assigned 
value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× the 
assigned value are not shown.

FIG. 6. Reported results for As, sorted by analytical technique. Blue data points show accepted 
results, yellow indicates warning and red not accepted result based on z score evaluation. 
Error bars represent expanded uncertainty of measurement (k=2) calculated from reported 
combined uncertainty. The green solid line indicates the assigned value, the dotted green lines 
indicate the assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values 
exceeding 2× the assigned value are not shown.
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TABLE 6. EVALUATION RESULTS
Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score

1 5.79 1 -23.6 35.1 -2.36 W -1.71
2 14.69 0.079 93.8 15.6 9.38 N 22.57
4 8.12 0.139 7.1 9.3 0.71 A 1.61
6 9.064 0.052 19.6 9.7 1.96 A 4.80
7 7.63 0.34 0.7 12.0 0.07 A 0.11
9 10.8 2.37 42.5 45.4 4.25 N 1.35

12 8.66 0.67 14.2 18.0 1.42 A 1.47
13 9.03 0.86 19.1 21.3 1.91 A 1.59
17 9.65 0.84 27.3 20.2 2.73 W 2.32
20 8.2 2.3 8.2 56.8 0.82 A 0.27
21 7.97 0.6 5.1 17.3 0.51 A 0.58
22 7.97 0.6 5.1 17.3 0.51 A 0.58
23 6.594 0.114 -13.0 7.8 -1.30 A -3.03
29 7.67 0.143 1.2 9.0 0.12 A 0.27
30 8.5 0.3 12.1 11.5 1.21 A 2.15
32 6.97 1.39 -8.0 40.6 -0.80 A -0.43
36 8 2.2 5.5 55.7 0.55 A 0.19
37 8.87 0.68 17.0 18.0 1.70 A 1.73
40 1.1 0.4 -85.5 72.7 -8.55 N -12.88
46 8.08 0.4 6.6 13.1 0.66 A 0.99
48 6.45 0.14 -14.9 8.1 -1.49 A -3.37
53 21.7 1.3 186.3 26.0 18.63 N 10.57
54 7.8 0.2 2.9 9.7 0.29 A 0.60
56 8.74 0.41 15.3 13.2 1.53 A 2.27
58 7.3 -3.7 -0.37 A
59 8.03 1 5.9 26.3 0.59 A 0.43
63 7.985 1.016 5.3 26.8 0.53 A 0.38
64 5.65 0.01 -25.5 6.0 -2.55 W -6.32
65 7.63 0.841 0.7 23.5 0.07 A 0.06
67 6.35 0.2121 -16.2 9.5 -1.62 A -3.31
68 6.993 0.2 -7.7 9.4 -0.77 A -1.61
70 5.353 0.092 -29.4 6.6 -2.94 W -6.99
71 8.26 0.15 9.0 9.5 0.90 A 2.00
73 9.42 0.3 24.3 11.9 2.43 W 4.30
77 8 0.1 5.5 8.9 0.55 A 1.31
78 8.01 0.030579 5.7 8.5 0.57 A 1.40
79 5.99 0.002 -21.0 6.4 -2.10 W -5.21
80 6.182 0.123 -18.4 7.7 -1.84 A -4.25
84 6.536 0.216 -13.8 9.6 -1.38 A -2.79
85 7 0.8 -7.7 24.0 -0.77 A -0.68
86 8.4 0.25 10.8 10.7 1.08 A 2.08
87 8.2 0.4 8.2 13.1 0.82 A 1.23
88 0 -100.0 -10.00 N
89 7.7 1.6 0.16 A
91 7.91 0.28 4.4 11.0 0.44 A 0.80
92 8.58 0.44 13.2 13.7 1.32 A 1.87
97 9 0.503 18.7 14.7 1.87 A 2.41
99 3.8 0.08 -49.9 5.8 -4.99 N -11.99
101 8.81 1.31 16.2 31.2 1.62 A 0.91
105 5.3 0.4 -30.1 16.1 -3.01 N -4.53
106 7.76 0.78 2.4 21.7 0.24 A 0.21
107 7.8 0.12 2.9 8.8 0.29 A 0.67
109 8.3 0.36 9.5 12.4 0.95 A 1.53
110 6.44 0.31 -15.0 11.8 -1.50 A -2.62
111 6.3 0.76 -16.9 25.0 -1.69 A -1.56
112 7.8 0.4 2.9 13.2 0.29 A 0.44
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TABLE 6. EVALUATION RESULTS (CONTD.)
Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score

113 8.9 0.4 17.4 13.0 1.74 A 2.62
115 6.96 0.12 -8.2 8.2 -0.82 A -1.89
116 1.14 0.08 -85.0 14.1 -8.50 N -20.42
117 7.64 0.8 0.08 A
118 7.14 0.166 -5.8 8.9 -0.58 A -1.27
120 8.5 0.6 12.1 16.8 1.21 A 1.37
122 9.2 0.6 21.4 16.3 2.14 W 2.41
123 8.9 0.3 17.4 11.6 1.74 A 3.09
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I.2 CADMIUM

TABLE 7. ASSIGNED VALUES

Parameter Value
1.99
0.14

Mass fraction/(ng/g)
Expanded uncertainty (k=2)/(ng/g)
Relative standard deviation for proficiency assessment/% 10

FIG. 7. Pie chart showing the percentage of results for Cd that were rated "accepted", "warning" 
and "not accepted".

FIG. 8. Histogram showing frequency of reported values for Cd. Reported values exceeding 3× the 
assigned value are not shown.
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FIG. 9. Reported results for Cd, sorted by value. Blue data points show accepted results, yellow 
indicates warning and red not accepted result based on z score evaluation. Error bars represent 
expanded uncertainty of measurement (k=2) calculated from reported combined uncertainty. The 
green solid line indicates the assigned value, the dotted green lines indicate the assigned 
value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× the 
assigned value are not shown.

FIG. 10. Reported results for Cd, sorted by analytical technique. Blue data points show accepted 
results, yellow indicates warning and red not accepted result based on z score evaluation. Error 
bars represent expanded uncertainty of measurement (k=2) calculated from reported combined 
uncertainty. The green solid line indicates the assigned value, the dotted green lines indicate the 
assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× 
the assigned value are not shown.
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TABLE 8. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
1 1.78 0.09 -10.6 11.9 -1.06 A -1.84
2 2.651 0.0371 33.2 9.8 3.32 N 8.34
4 1.901 0.135 -4.5 15.7 -0.45 A -0.59
6 2.0042 0.0041 0.7 7.1 0.07 A 0.20
7 1.33 0.09 -33.2 14.3 -3.32 N -5.79
9 1.86 0.29 -6.5 31.9 -0.65 A -0.44

12 1.81 0.11 -9.0 13.7 -0.90 A -1.38
13 2.21 0.17 11.1 17.3 1.11 A 1.20
17 1.78 0.24 -10.6 27.7 -1.06 A -0.84
18 1.94 0.06 -2.5 9.2 -0.25 A -0.54
20 1.8 0.5 -9.5 55.9 -0.95 A -0.38
21 2.08 0.21 4.5 21.5 0.45 A 0.41
22 2.28 0.07 14.6 10.1 1.46 A 2.93
23 1.809 0.036 -9.1 7.5 -0.91 A -2.30
29 1.89 0.017 -5.0 6.9 -0.50 A -1.39
30 1.8 0.1 -9.5 12.8 -0.95 A -1.56
32 1.53 0.23 -23.1 30.5 -2.31 W -1.91
36 2.2 0.16 10.6 16.5 1.06 A 1.20
37 2.62 0.28 31.7 23.3 3.17 N 2.18
38 1.98 0.42 -0.5 43.0 -0.05 A -0.02
40 179.8 2.25 8935.2 635.6 893.52 N 78.99
46 2.19 0.11 10.1 12.7 1.01 A 1.53
48 4.48 0.16 125.1 17.4 12.51 N 14.26
53 3.77 1.1 89.4 59.9 8.94 N 1.61
54 2 0.03 0.5 7.7 0.05 A 0.13
56 1.73 0.04 -13.1 7.7 -1.31 A -3.22
58 1.62 -18.6 -1.86 A
59 2.06 0.5 3.5 49.1 0.35 A 0.14
63 1.831 0.217 -8.0 24.6 -0.80 A -0.70
64 1.68 0.01 -15.6 6.1 -1.56 A -4.38
65 1.94 0.1856 -2.5 20.3 -0.25 A -0.25
67 2.7 35.7 3.57 N
68 1.655 0.2 -16.8 24.9 -1.68 A -1.58
69 7 0.4 251.8 27.3 25.18 N 12.34
70 1.739 0.051 -12.6 8.5 -1.26 A -2.90
71 1.99 0.03 0.0 7.7 0.00 A 0.00
73 2.08 0.08 4.5 10.6 0.45 A 0.85
74 5 1 151.3 43.7 15.13 N 3.00
77 2 0.02 0.5 7.3 0.05 A 0.14
78 2.14 0.031419 7.5 8.1 0.75 A 1.95
79 20 905.0 90.50 N
80 20 0.142 905.0 70.7 90.50 N 113.76
81 0.945 0.018 -52.5 5.1 -5.25 N -14.46
84 1.863 0.034 -6.4 7.5 -0.64 A -1.63
85 2.01 0.17 1.0 18.3 0.10 A 0.11
86 2.03 0.11 2.0 13.0 0.20 A 0.31
87 2 0.2 0.5 21.2 0.05 A 0.05
88 1.3 0.3 -34.7 46.4 -3.47 N -2.24
89 2.1 5.5 0.55 A
91 1.83 0.08 -8.0 10.9 -0.80 A -1.51
92 2.03 0.18 2.0 19.1 0.20 A 0.21
95 1.3 0.2 -34.7 31.1 -3.47 N -3.26
97 2.27 0.179 14.1 17.7 1.41 A 1.46
99 1.75 0.02 -12.1 6.6 -1.21 A -3.30
101 2.04 0.17 2.5 18.2 0.25 A 0.27
105 1.8 0.1 -9.5 12.8 -0.95 A -1.56
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TABLE 8. EVALUATION RESULTS (CONTD.)

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
106 1.29 0.13 -35.2 20.7 -3.52 N -4.74
107 1.85 0.04 -7.0 7.8 -0.70 A -1.74
108 2.67 0.08 34.2 11.2 3.42 N 6.40
109 1.9 0.05 -4.5 8.5 -0.45 A -1.05
110 1.72 0.21 -13.6 25.2 -1.36 A -1.22
111 1.544 0.2625 -22.4 34.4 -2.24 W -1.64
112 2.16 0.039 8.5 8.4 0.85 A 2.12
113 1.96 0.03 -1.5 7.6 -0.15 A -0.39
115 1.58 0.03 -20.6 6.8 -2.06 W -5.38
116 1.91 0.04 -4.0 7.9 -0.40 A -0.99
117 1.85 -7.0 -0.70 A
118 1.73 0.041 -13.1 7.7 -1.31 A -3.20
120 2.7 0.3 35.7 24.2 3.57 N 2.30
121 1.93 0.08 -3.0 10.7 -0.30 A -0.56
122 1.79 0.15 -10.1 17.9 -1.01 A -1.21
123 2 0.08 0.5 10.7 0.05 A 0.09
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I.3 COPPER

TABLE 9. ASSIGNED VALUES

Parameter Value
5.41Mass fraction/(ng/g)

Expanded uncertainty (k=2)/(ng/g) 0.88
Relative standard deviation for proficiency assessment/% 12.5

FIG. 11. Pie chart showing the percentage of results for Cu that were rated "accepted", "warning" 
and "not accepted".

FIG. 12. Histogram showing frequency of reported values for Cu. Reported values exceeding 3× the 
assigned value are not shown.
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FIG. 13. Reported results for Cu, sorted by value. Blue data points show accepted results, 
yellow indicates warning and red not accepted result based on z score evaluation. Error bars 
represent expanded uncertainty of measurement (k=2) calculated from reported combined 
uncertainty. The green solid line indicates the assigned value, the dotted green lines indicate 
the assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values 
exceeding 2× the assigned value are not shown.

FIG. 14. Reported results for Cu, sorted by analytical technique. Blue data points show accepted 
results, yellow indicates warning and red not accepted result based on z score evaluation. Error 
bars represent expanded uncertainty of measurement (k=2) calculated from reported combined 
uncertainty. The green solid line indicates the assigned value, the dotted green lines indicate the 
assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× 
the assigned value are not shown.
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TABLE 10. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
1 5.2 2 -3.9 78.5 -0.31 A -0.10
2 5.587 0.0423 3.3 16.9 0.26 A 0.40
4 6.192 0.111 14.5 19.0 1.16 A 1.72
6 4.64 0.15 -14.2 15.4 -1.14 A -1.66
7 4.24 0.19 -21.6 15.6 -1.73 A -2.44
9 4.05 0.45 -25.1 25.3 -2.01 W -2.16

12 4.53 0.29 -16.3 18.7 -1.30 A -1.67
13 5.86 0.51 8.3 24.8 0.67 A 0.67
17 4.63 0.56 -14.4 27.9 -1.15 A -1.10
18 2.55 0.09 -52.9 10.4 -4.23 N -6.37
20 5.7 1.2 5.4 45.5 0.43 A 0.23
21 5.66 0.48 4.6 24.0 0.37 A 0.38
22 5.05 0.26 -6.7 18.3 -0.53 A -0.70
23 4.341 0.129 -19.8 14.3 -1.58 A -2.33
29 5.3 0.406 -2.0 22.1 -0.16 A -0.18
30 6.4 0.4 18.3 22.9 1.46 A 1.66
32 4.83 0.97 -10.7 42.7 -0.86 A -0.54
34 19 1 251.2 58.1 20.10 N 12.44
36 5 3.6 -7.6 144.8 -0.61 A -0.11
37 5.74 0.32 6.1 20.5 0.49 A 0.61
38 10 0.5 84.8 31.7 6.79 N 6.89
40 44 4.3 713.3 133.7 57.06 N 8.93
46 4.84 0.24 -10.5 17.6 -0.84 A -1.14
48 5.96 1.2 10.2 44.1 0.81 A 0.43
53 68.9 5.8 1173.6 207.8 93.89 N 10.92
54 4.6 1 -15.0 45.6 -1.20 A -0.74
56 5.17 0.19 -4.4 17.2 -0.35 A -0.50
58 4.5 -16.8 -1.35 A
59 4.42 1 -18.3 47.2 -1.46 A -0.91
63 4.953 0.62 -8.4 29.1 -0.68 A -0.60
64 7.7 0.01 42.3 23.2 3.39 N 5.20
65 4.92 0.4775 -9.1 24.4 -0.72 A -0.75
67 6.8 25.7 2.06 W
68 4.134 0.2 -23.6 15.8 -1.89 A -2.64
69 63 17.8 1064.5 197.7 85.16 N 3.23
70 4.685 0.089 -13.4 14.6 -1.07 A -1.62
71 4.92 0.07 -9.1 15.1 -0.72 A -1.10
72 9.84 81.9 6.55 N
73 46.12 0.71 752.5 138.7 60.20 N 48.74
74 18 4 232.7 70.0 18.62 N 3.13
77 5 0.1 -7.6 15.6 -0.61 A -0.91
78 5.33 0.05829 -1.5 16.2 -0.12 A -0.18
79 20 269.7 21.57 N
80 20 0.512 269.7 60.4 21.57 N 21.61
81 0.917 0.026 -83.0 6.3 -6.64 N -10.19
82 29.39 1.68 443.3 89.1 35.46 N 13.81
84 4.99 0.08 -7.8 15.3 -0.62 A -0.94
85 4.7 0.4 -13.1 22.1 -1.05 A -1.19
86 4.8 0.2 -11.3 16.7 -0.90 A -1.26
87 5.2 0.3 -3.9 19.4 -0.31 A -0.39
88 6.7 0.6 23.8 27.0 1.91 A 1.73
89 4.2 -22.4 -1.79 A
91 3.45 0.19 -36.2 15.1 -2.90 W -4.09
92 5.15 0.31 -4.8 19.6 -0.38 A -0.48
95 10 0.2 84.8 30.3 6.79 N 9.50
97 5.23 0.788 -3.3 34.0 -0.27 A -0.20
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TABLE 10. EVALUATION RESULTS (CONTD.)

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
99 4.2 0.1 -22.4 13.5 -1.79 A -2.68
101 7.12 0.55 31.6 26.4 2.53 W 2.43
107 4.65 0.07 -14.0 14.3 -1.12 A -1.71
108 34.41 0.03 536.0 103.5 42.88 N 65.76
109 4.7 0.11 -13.1 14.9 -1.05 A -1.57
110 6.15 0.3 13.7 20.9 1.09 A 1.39
111 4.2 0.51 -22.4 27.4 -1.79 A -1.80
112 11 1.1 103.3 38.7 8.27 N 4.72
113 4.63 0.12 -14.4 14.9 -1.15 A -1.71
115 6.9 0.27 27.5 22.2 2.20 W 2.89
116 7.27 0.28 34.4 23.2 2.75 W 3.57
117 4.84 -10.5 -0.84 A
118 4.631 0.084 -14.4 14.4 -1.15 A -1.74
120 6.8 0.5 25.7 25.2 2.06 W 2.09
121 7.77 0.35 43.6 25.0 3.49 N 4.20
122 3.9 0.3 -27.9 19.3 -2.23 W -2.84
123 4 0.4 -26.1 23.3 -2.09 W -2.37
124 0 0.0014 -100.0 Inf -8.00 N -12.30
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I.4 LEAD

TABLE 11. ASSIGNED VALUES

Parameter Value
9.7
1.8

Mass fraction/(ng/g)
Expanded uncertainty (k=2)/(ng/g)
Relative standard deviation for proficiency assessment/% 15

FIG. 15. Pie chart showing the percentage of results for Pb that were rated "accepted", "warning" 
and "not accepted".

FIG. 16. Histogram showing frequency of reported values for Pb. Reported values exceeding 3× the 
assigned value are not shown.
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FIG. 17. Reported results for Pb, sorted by value. Blue data points show accepted results, yellow 
indicates warning and red not accepted result based on z score evaluation. Error bars represent 
expanded uncertainty of measurement (k=2) calculated from reported combined uncertainty. The 
green solid line indicates the assigned value, the dotted green lines indicate the assigned 
value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× the 
assigned value are not shown.

FIG. 18. Reported results for Pb, sorted by analytical technique. Blue data points show accepted 
results, yellow indicates warning and red not accepted result based on z score evaluation. Error 
bars represent expanded uncertainty of measurement (k=2) calculated from reported combined 
uncertainty. The green solid line indicates the assigned value, the dotted green lines indicate the 
assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× 
the assigned value are not shown.
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TABLE 12. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
1 9.33 1 -3.8 27.9 -0.25 A -0.28
2 10.9 0.583 12.4 23.4 0.82 A 1.12
4 9.562 0.172 -1.4 18.6 -0.09 A -0.15
6 8.42 0.57 -13.2 21.0 -0.88 A -1.20
7 4.42 0.26 -54.4 14.5 -3.63 N -5.64
9 9.92 1.39 2.3 33.8 0.15 A 0.13

12 9.77 0.52 0.7 21.5 0.05 A 0.07
13 10.2 0.85 5.2 25.7 0.34 A 0.40
17 9.3 1.3 -4.1 33.1 -0.27 A -0.25
18 7.02 0.37 -27.6 17.1 -1.84 A -2.75
20 8.7 3.5 -10.3 82.2 -0.69 A -0.28
21 9.96 0.55 2.7 22.0 0.18 A 0.25
22 9.87 0.29 1.8 19.8 0.12 A 0.18
23 8.895 0.042 -8.3 17.0 -0.55 A -0.89
29 9.74 0.02 0.4 18.6 0.03 A 0.04
30 8.2 0.3 -15.5 17.3 -1.03 A -1.58
32 7.66 1.15 -21.0 33.4 -1.40 A -1.40
33 250 0.127 2477.3 478.3 165.15 N 264.38
34 17 1 75.3 34.6 5.02 N 5.43
36 10 3.7 3.1 76.4 0.21 A 0.08
37 9.27 0.64 -4.4 22.5 -0.30 A -0.39
38 11.8 0.7 21.6 25.5 1.44 A 1.84
40 111.3 10.75 1047.4 213.8 69.83 N 9.42
46 10.29 0.51 6.1 22.0 0.41 A 0.57
48 13.49 1.6 39.1 35.1 2.60 W 2.06
53 30.7 1.8 216.5 59.9 14.43 N 10.43
54 9.6 0.2 -1.0 18.8 -0.07 A -0.11
56 7.02 0.7 -27.6 24.0 -1.84 A -2.35
58 6.38 -34.2 -2.28 W
59 10.53 2 8.6 43.0 0.57 A 0.38
63 9.004 1.08 -7.2 29.5 -0.48 A -0.50
64 6.17 0.01 -36.4 11.8 -2.43 W -3.92
65 10.3 0.7261 6.2 24.2 0.41 A 0.52
67 9.95 0.2121 2.6 19.5 0.17 A 0.27
68 7.106 0.2 -26.7 14.7 -1.78 A -2.81
70 9.949 0.226 2.6 19.6 0.17 A 0.27
71 9.32 0.25 -3.9 18.6 -0.26 A -0.41
72 11.3 16.5 1.10 A
73 26.25 0.95 170.6 50.7 11.37 N 12.65
74 26 5 168.0 62.9 11.20 N 3.21
77 2.6 0.1 -73.2 9.2 -4.88 N -7.84
78 10.19 0.05922 5.1 19.5 0.34 A 0.54
79 20 106.2 7.08 N
80 30 0.213 209.3 57.4 13.95 N 21.95
81 14.37 0.67 48.1 29.0 3.21 N 4.16
84 9.925 0.318 2.3 20.0 0.15 A 0.24
85 8.7 0.9 -10.3 26.6 -0.69 A -0.79
86 9.9 0.2 2.1 19.4 0.14 A 0.22
87 10.85 0.9 11.9 26.6 0.79 A 0.90
88 2.9 0.1 -70.1 8.9 -4.67 N -7.51
89 9.9 2.1 0.14 A
91 9.15 0.27 -5.7 18.5 -0.38 A -0.59
92 10 0.5 3.1 21.6 0.21 A 0.29
95 9.5 0.6 -2.1 22.1 -0.14 A -0.18
97 4.04 0.239 -58.4 14.1 -3.89 N -6.08
99 9.7 0.1 0.0 18.7 0.00 A 0.00
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TABLE 12. EVALUATION RESULTS (CONTD.)

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
101 8.12 0.62 -16.3 21.8 -1.09 A -1.45
105 9.2 0.2 -5.2 18.1 -0.34 A -0.54
106 9.76 0.98 0.6 27.4 0.04 A 0.05
107 8.48 0.27 -12.6 17.4 -0.84 A -1.30
108 8.18 0.36 -15.7 18.0 -1.04 A -1.57
109 9 0.19 -7.2 17.7 -0.48 A -0.76
110 8.33 0.35 -14.1 18.0 -0.94 A -1.42
111 8 0.96 -17.5 28.5 -1.17 A -1.29
112 11 1.1 13.4 29.0 0.89 A 0.91
113 8.9 0.32 -8.2 18.5 -0.55 A -0.84
115 8.93 0.13 -7.9 17.3 -0.53 A -0.85
116 6.02 0.96 -37.9 33.9 -2.53 W -2.80
117 9.42 -2.9 -0.19 A
118 9.06 0.445 -6.6 19.9 -0.44 A -0.64
120 8.5 0.6 -12.4 21.5 -0.82 A -1.11
121 11.09 0.16 14.3 21.4 0.96 A 1.52
122 4.5 1 -53.6 45.3 -3.57 N -3.87
123 9 1.4 -7.2 35.6 -0.48 A -0.42
124 0 0.0003 -100.0 Inf -6.67 N -10.78
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I.5 URANIUM-235

TABLE 13. ASSIGNED VALUES

Parameter Value
0.0222
0.0019

Mass fraction/(ng/g)
Expanded uncertainty (k=2)/(ng/g)
Relative standard deviation for proficiency assessment/
%

15

FIG. 19. Pie chart showing the percentage of results for U-235 that were rated "accepted", 
"warning" and "not accepted".

FIG. 20. Histogram showing frequency of reported values for U-235. Reported values exceeding 3× 
the assigned value are not shown.
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FIG. 21. Reported results for U-235, sorted by value. Blue data points show accepted results, yellow 
indicates warning and red not accepted result based on z score evaluation. Error bars represent 
expanded uncertainty of measurement (k=2) calculated from reported combined uncertainty. The 
green solid line indicates the assigned value, the dotted green lines indicate 
the assigned value ± expanded uncertainty (k=2) of the assigned value. 
Reported values exceeding 2× the assigned value are not shown.

FIG. 22. Reported results for U-235, sorted by analytical technique. Blue data points show 
accepted results, yellow indicates warning and red not accepted result based on z score 
evaluation. Error bars represent expanded uncertainty of measurement (k=2) calculated from 
reported combined uncertainty. The green solid line indicates the assigned value, the dotted green 
lines indicate the assigned value ± expanded uncertainty (k=2) of the assigned value. Reported 
values exceeding 2× the assigned value are not shown.
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TABLE 14. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
3 0.094 0.02 323.4 55.9 21.56 N 3.59
4 0.022 0.087 -0.9 791.0 -0.06 A -0.00
5 0.8 0.12 3503.6 309.9 233.57 N 6.48
7 0.0204 0.0029 -8.1 29.5 -0.54 A -0.59
8 0.176 0.042 692.8 83.0 46.19 N 3.66

10 0.0211 0.0013 -5.0 14.8 -0.33 A -0.68
11 0.13 0.03 485.6 68.1 32.37 N 3.59
12 0.025 0.001 12.6 12.5 0.84 A 2.03
13 0.0212 0.0005 -4.5 9.4 -0.30 A -0.93
17 0.0235 0.0049 5.9 42.7 0.39 A 0.26
20 11 1.8 49449.5 4240.9 3296.64 N 6.10
22 0.026 0.0007 17.1 11.4 1.14 A 3.22
31 0.031 0.004 39.6 28.4 2.64 W 2.14
32 0.019 0.002 -14.4 22.3 -0.96 A -1.45
33 2.25121 0.0353 10040.6 867.9 669.37 N 63.12
36 0.0263 0.0045 18.5 35.7 1.23 A 0.89
45 0.039 0.012 75.7 63.3 5.05 N 1.40
50 0.035 0.008 57.7 47.7 3.84 N 1.59
51 0.001994 0.001123 -91.0 112.6 -6.07 N -13.74
53 5.6 2.6 25125.2 2160.9 1675.02 N 2.15
56 2.89 0.06 12918.0 1114.2 861.20 N 47.79
58 2.18 9719.8 647.99 N
63 1.37 6071.2 404.74 N
64 0.021 0.01 -5.4 95.6 -0.36 A -0.12
70 0.0586 0.0016 164.0 23.2 10.93 N 19.56
71 0.0219 0.0007 -1.4 10.6 -0.09 A -0.25
77 0.039 0.025 75.7 129.1 5.05 N 0.67
83 0.084 1 278.4 2381.2 18.56 N 0.06
85 0.0229 0.002 3.2 19.6 0.21 A 0.32
88 0.32 0.05 1341.4 127.3 89.43 N 5.95
91 0.0739 0.0028 232.9 29.5 15.53 N 17.49

107 0.021 0.001 -5.4 12.5 -0.36 A -0.87
111 0.0125 0.0063 -43.7 100.9 -2.91 W -1.52
113 0.0224 0.0008 0.9 11.2 0.06 A 0.16
117 0.022151 0.002231138 -0.2 21.9 -0.01 A -0.02
118 0.023 0.0027 3.6 25.1 0.24 A 0.28
119 0.31 0.05 1296.4 123.8 86.43 N 5.75
120 0.093 0.027 318.9 68.2 21.26 N 2.62
122 0.019 0.006 -14.4 63.6 -0.96 A -0.53
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I.6 URANIUM-238

TABLE 15. ASSIGNED VALUES

Parameter Value
3.06Mass fraction/(ng/g)

Expanded uncertainty (k=2)/(ng/g) 0.28
Relative standard deviation for proficiency assessment/% 12.5

FIG. 23. Pie chart showing the percentage of results for U-238 that were rated "accepted", 
"warning" and "not accepted".

FIG. 24. Histogram showing frequency of reported values for U-238. Reported values exceeding 3× 
the assigned value are not shown.
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FIG. 25. Reported results for U-238, sorted by value. Blue data points show accepted results, yellow 
indicates warning and red not accepted result based on z score evaluation. Error bars represent 
expanded uncertainty of measurement (k=2) calculated from reported combined uncertainty. The 
green solid line indicates the assigned value, the dotted green lines indicate the assigned value 
± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× the assigned 
value are not shown.

FIG. 26. Reported results for U-238, sorted by analytical technique. Blue data points show 
accepted results, yellow indicates warning and red not accepted result based on z score 
evaluation. Error bars represent expanded uncertainty of measurement (k=2) calculated from 
reported combined uncertainty. The green solid line indicates the assigned value, the dotted green 
lines indicate the assigned value ± expanded uncertainty (k=2) of the assigned value. Reported 
values exceeding 2× the assigned value are not shown.
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TABLE 16. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
3 3.72 0.35 21.6 21.9 1.73 A 1.75
4 2.739 0.181 -10.5 15.5 -0.84 A -1.40
5 17.3 2.8 465.4 61.0 37.23 N 5.08
6 61.45 14.55 1908.2 189.8 152.65 N 4.01
7 2.13 0.21 -30.4 20.7 -2.43 W -3.68
8 3.74 0.45 22.2 26.5 1.78 A 1.44

10 3.12 0.42 2.0 28.5 0.16 A 0.14
11 4.56 0.38 49.0 21.5 3.92 N 3.70
12 3.421 0.185 11.8 14.9 0.94 A 1.56
13 2.94 0.07 -3.9 10.0 -0.31 A -0.77
17 3.24 0.67 5.9 42.5 0.47 A 0.26
20 604 123 19638.6 1806.6 1571.08 N 4.89
22 3.564 0.099 16.5 12.0 1.32 A 2.94
26 4.07 0.44 33.0 24.8 2.64 W 2.19
28 17.6 0.23 475.2 52.7 38.01 N 54.00
30 2.6 0.3 -15.0 24.4 -1.20 A -1.39
31 3.3 0.11 7.8 11.9 0.63 A 1.35
32 2.47 0.25 -19.3 21.5 -1.54 A -2.06
33 225.2 0.141 7259.5 673.4 580.76 N 1117.98
36 3.62 0.33 18.3 21.2 1.46 A 1.56
43 2.13 0.17 -30.4 17.2 -2.43 W -4.22
44 3.4 0.7 11.1 42.4 0.89 A 0.48
45 2.61 0.16 -14.7 14.5 -1.18 A -2.12
46 3.31 0.17 8.2 14.3 0.65 A 1.14
50 3.082 0.241 0.7 18.2 0.06 A 0.08
51 0.03481 0.003709 -98.9 21.3 -7.91 N -21.60
53 4.7 1 53.6 44.8 4.29 N 1.62
54 2.8 0.1 -8.5 11.0 -0.68 A -1.51
56 2.83 0.06 -7.5 9.5 -0.60 A -1.51
58 2.24 -26.8 -2.14 W
63 1.429 -53.3 -4.26 N
64 2.88 0.01 -5.9 8.6 -0.47 A -1.28
65 3.28 7.2 0.58 A
70 3.206 0.053 4.8 10.1 0.38 A 0.98
71 3.05 0.09 -0.3 10.9 -0.03 A -0.06
73 5.22 0.22 70.6 17.7 5.65 N 8.28
77 3 0.5 -2.0 34.5 -0.16 A -0.12
83 4.176 1 36.5 49.5 2.92 W 1.11
85 3.0608 0.22 0.0 17.0 0.00 A 0.00
88 4.1 0.3 34.0 19.1 2.72 W 3.14
91 2.845 0.043 -7.0 9.0 -0.56 A -1.47

107 2.83 0.12 -7.5 12.0 -0.60 A -1.25
109 3.6 0.08 17.6 11.6 1.41 A 3.35
111 2.974 0.257 -2.8 19.4 -0.22 A -0.29
113 3.11 0.11 1.6 11.7 0.13 A 0.28
117 3.044229 0.304422907 -0.5 22.0 -0.04 A -0.05
118 2.89 0.031 -5.6 8.9 -0.44 A -1.19
119 42.7 6.4 1295.4 131.2 103.63 N 6.19
120 3.8 0.8 24.2 43.6 1.93 A 0.91
122 2.61 0.125 -14.7 12.4 -1.18 A -2.40
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I.7 URANIUM (TOTAL)

TABLE 17. ASSIGNED VALUES

Parameter Value
3.08Mass fraction/(ng/g)

Expanded uncertainty (k=2)/(ng/g) 0.28
Relative standard deviation for proficiency assessment/% 12.5

FIG. 27. Pie chart showing the percentage of results for U-total that were rated "accepted", 
"warning" and "not accepted".

FIG. 28. Histogram showing frequency of reported values for U-total. Reported values exceeding 3× 
the assigned value are not shown.
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FIG. 29. Reported results for U-total, sorted by value. Blue data points show accepted results, yellow 
indicates warning and red not accepted result based on z score evaluation. Error bars represent 
expanded uncertainty of measurement (k=2) calculated from reported combined uncertainty. The 
green solid line indicates the assigned value, the dotted green lines indicate the assigned value 
± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× the 
assigned value are not shown.

FIG. 30. Reported results for U-total, sorted by analytical technique. Blue data points show 
accepted results, yellow indicates warning and red not accepted result based on z score 
evaluation. Error bars represent expanded uncertainty of measurement (k=2) calculated from 
reported combined uncertainty. The green solid line indicates the assigned value, the dotted green 
lines indicate the assigned value ± expanded uncertainty (k=2) of the assigned value. Reported 
values exceeding 2× the assigned value are not shown.
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TABLE 18. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
1 2.56 0.35 -16.9 28.4 -1.35 A -1.38
3 3.81 0.35 23.7 21.5 1.90 A 1.94
4 2.899 0.214 -5.9 17.1 -0.47 A -0.71
5 18.1 2.8 487.7 61.7 39.01 N 5.36
6 61.45 14.55 1895.1 187.5 151.61 N 4.01
7 2.13 0.21 -30.8 20.7 -2.47 W -3.76
8 3.9 0.49 26.6 27.6 2.13 W 1.61

10 3.12 0.16 1.3 13.8 0.10 A 0.19
11 4.59 0.38 49.0 21.4 3.92 N 3.73
12 3.447 0.183 11.9 14.7 0.95 A 1.59
13 2.96 0.07 -3.9 9.9 -0.31 A -0.77
17 3.27 0.67 6.2 42.1 0.49 A 0.28
20 615 144 19867.5 1815.8 1589.40 N 4.25
22 3.59 0.1 16.6 12.0 1.32 A 2.96
23 3.035 0.027 -1.5 9.1 -0.12 A -0.32
25 4.03 0.6 30.8 32.1 2.47 W 1.54
28 18.2 0.24 490.9 53.8 39.27 N 54.42
30 2.6 0.3 -15.6 24.3 -1.25 A -1.45
31 3.34 0.05 8.4 10.3 0.68 A 1.75
32 2.49 0.25 -19.2 21.4 -1.53 A -2.06
33 227.45 0.0353 7284.7 671.3 582.78 N 1554.01
36 3.62 0.33 17.5 21.1 1.40 A 1.51
37 3.73 0.12 21.1 12.8 1.69 A 3.53
38 132.9 24.3 4214.9 394.0 337.19 N 5.34
44 3.4 0.7 10.4 42.4 0.83 A 0.45
50 3.118 0.241 1.2 18.0 0.10 A 0.14
56 2.83 0.06 -8.1 9.4 -0.65 A -1.64
58 2.21 -28.2 -2.26 W
63 1.457 -52.7 -4.22 N
64 2.91 0.01 -5.5 8.6 -0.44 A -1.21
65 3.28 6.5 0.52 A
70 3.265 0.106 6.0 11.6 0.48 A 1.05
71 3.07 0.09 -0.3 10.8 -0.03 A -0.06
73 5.22 0.22 69.5 17.6 5.56 N 8.21
77 3 0.02 -2.6 9.0 -0.21 A -0.57
78 3.35 0.23679 8.8 17.3 0.70 A 0.98
83 4.261 1 38.3 48.6 3.07 N 1.17
84 3.762 0.038 22.1 11.3 1.77 A 4.70
85 3.09 0.19 0.3 15.3 0.03 A 0.04
86 3.3 0.15 7.1 13.3 0.57 A 1.07
87 3.3 0.2 7.1 15.5 0.57 A 0.90
88 4.42 0.35 43.5 20.5 3.48 N 3.55
91 2.905 0.255 -5.7 19.5 -0.45 A -0.60
95 4.13 0.02 34.1 12.2 2.73 W 7.42

107 2.85 0.13 -7.5 12.4 -0.60 A -1.20
109 3.6 0.08 16.9 11.5 1.35 A 3.22
110 2.61 0.23 -15.3 19.2 -1.22 A -1.75
111 2.7 0.32 -12.3 25.0 -0.99 A -1.09
113 3.13 0.11 1.6 11.6 0.13 A 0.28
115 1.28 0.05 -58.4 8.7 -4.68 N -12.11
117 3.067452 0.306745175 -0.4 22.0 -0.03 A -0.04
118 2.91 0.031 -5.5 8.8 -0.44 A -1.19
119 43 6.5 1296.1 130.5 103.69 N 6.14
120 3.9 0.8 26.6 42.6 2.13 W 1.01
121 5.69 0.15 84.7 17.6 6.78 N 12.72
122 2.62 0.125 -14.9 12.3 -1.19 A -2.45
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TABLE 18. EVALUATION RESULTS (CONTD.)

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
123 27 2 776.6 81.1 62.13 N 11.93
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I.8 ZINC

TABLE 19. ASSIGNED VALUES

Parameter Value
20.2
3.4

Mass fraction/(ng/g)
Expanded uncertainty (k=2)/(ng/g)
Relative standard deviation for proficiency assessment/% 15

FIG. 31. Pie chart showing the percentage of results for Zn that were rated "accepted", "warning" 
and "not accepted".

FIG. 32. Histogram showing frequency of reported values for Zn. Reported values exceeding 3× the 
assigned value are not shown.
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FIG. 33. Reported results for Zn, sorted by value. Blue data points show accepted results, 
yellow indicates warning and red not accepted result based on z score evaluation. Error bars 
represent expanded uncertainty of measurement (k=2) calculated from reported combined 
uncertainty. The green solid line indicates the assigned value, the dotted green lines indicate 
the assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values 
exceeding 2× the assigned value are not shown.

FIG. 34. Reported results for Zn, sorted by analytical technique. Blue data points show accepted 
results, yellow indicates warning and red not accepted result based on z score evaluation. Error 
bars represent expanded uncertainty of measurement (k=2) calculated from reported combined 
uncertainty. The green solid line indicates the assigned value, the dotted green lines indicate the 
assigned value ± expanded uncertainty (k=2) of the assigned value. Reported values exceeding 2× 
the assigned value are not shown.
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TABLE 20. EVALUATION RESULTS

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
1 19.16 3 -5.1 35.2 -0.34 A -0.30
2 18.75 0.098 -7.2 15.7 -0.48 A -0.85
4 17.45 0.398 -13.6 15.2 -0.91 A -1.58
6 24.884 0.092 23.2 20.7 1.55 A 2.75
7 15.12 0.31 -25.1 13.2 -1.68 A -2.94
9 17.2 2.4 -14.9 31.4 -0.99 A -1.02

12 15.4 0.99 -23.8 18.2 -1.58 A -2.44
13 20.9 2.1 3.5 26.6 0.23 A 0.26
17 17.59 0.58 -12.9 16.1 -0.86 A -1.45
18 13.5 0.4 -33.2 12.7 -2.21 W -3.84
20 18.5 3.8 -8.4 43.9 -0.56 A -0.41
21 17.6 1.2 -12.9 20.0 -0.86 A -1.25
22 21.6 0.29 6.9 18.2 0.46 A 0.81
23 11.55 0.33 -42.8 11.2 -2.85 W -4.99
29 21.41 1.079 6.0 20.5 0.40 A 0.60
30 16 1.1 -20.8 19.2 -1.39 A -2.07
32 14.31 1.4 -29.2 22.9 -1.94 A -2.67
36 18 0.7 -10.9 16.9 -0.73 A -1.20
37 20 2.79 -1.0 32.5 -0.07 A -0.06
38 17.8 1.7 -11.9 24.2 -0.79 A -1.00
40 1.9 0.15 -90.6 15.9 -6.04 N -10.72
46 17.4 0.87 -13.9 17.6 -0.92 A -1.47
48 11.01 2.62 -45.5 48.5 -3.03 N -2.94
56 22.17 0.96 9.8 20.4 0.65 A 1.01
58 20 -1.0 -0.07 A
59 16.13 2 -20.1 28.2 -1.34 A -1.55
63 16.141 2.144 -20.1 29.8 -1.34 A -1.48
64 35.4 0.01 75.2 29.5 5.02 N 8.94
65 17.7 1.8271 -12.4 25.4 -0.83 A -1.00
67 78.5 0.3536 288.6 65.4 19.24 N 33.58
68 13.19 0.2 -34.7 11.4 -2.31 W -4.10
69 19 9 -5.9 96.1 -0.40 A -0.13
70 28.445 0.604 40.8 24.1 2.72 W 4.57
71 19.18 0.55 -5.0 17.0 -0.34 A -0.57
72 25 23.8 1.58 A
73 56.55 1.21 180.0 47.3 12.00 N 17.42
74 42 3 107.9 37.8 7.19 N 6.32
77 15 0.1 -25.7 12.6 -1.72 A -3.05
78 26.21 0.26834 29.8 21.9 1.98 A 3.49
79 39.1 0.05 93.6 32.6 6.24 N 11.11
80 29.78 1.24 47.4 26.2 3.16 N 4.55
81 17.45 0.13 -13.6 14.6 -0.91 A -1.61
82 22.93 3.82 13.5 38.4 0.90 A 0.65
84 24.068 0.281 19.1 20.2 1.28 A 2.24
85 19.1 1.7 -5.4 23.9 -0.36 A -0.46
86 18.25 0.5 -9.7 16.2 -0.64 A -1.10
87 21.1 1.5 4.5 22.6 0.30 A 0.40
88 31 0.6 53.5 26.1 3.56 N 5.99
89 17.5 -13.4 -0.89 A
91 24.32 0.86 20.4 21.5 1.36 A 2.16
92 20.8 1.15 3.0 20.6 0.20 A 0.29
95 10.5 0.1 -48.0 9.0 -3.20 N -5.70
97 14.2 0.109 -29.7 11.9 -1.98 A -3.52
99 14.3 0.2 -29.2 12.2 -1.95 A -3.45
101 20.3 2.54 0.5 30.2 0.03 A 0.03
107 17.41 0.39 -13.8 15.2 -0.92 A -1.60
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TABLE 20. EVALUATION RESULTS (CONTD.

Lab code Rep. value Rep. unc. Rel. bias/% U(rel.bias)/% z Score z Eval. zeta Score
108 17.01 0.26 -15.8 14.5 -1.05 A -1.85
109 18.7 0.49 -7.4 16.4 -0.50 A -0.85
110 19.25 0.79 -4.7 18.0 -0.31 A -0.51
111 15.2 1.82 -24.8 27.1 -1.65 A -2.01
112 13 1.3 -35.6 22.7 -2.38 W -3.36
113 18.1 0.6 -10.4 16.5 -0.69 A -1.16
115 18.7 0.46 -7.4 16.3 -0.50 A -0.85
116 6.66 1.1 -67.0 33.5 -4.47 N -6.69
117 19.5 -3.5 -0.23 A
118 13.6 0.53 -32.7 13.8 -2.18 W -3.71
120 26.9 1.3 33.2 24.4 2.21 W 3.13
122 20 4 -1.0 43.3 -0.07 A -0.05
123 11 0.2 -45.5 9.9 -3.04 N -5.37
124 0 0.2155 -100.0 Inf -6.67 N -11.79
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National Food Chain Safety Office, Food and Feed Safety Directorate
Dioszegi Ut 30
H-4030 Debrecen

India

Arunachalam, K. Center for Environmental Nuclear Research
SRM University, SRM Nager
Potheri, 603203, Tamil Nadu

Dwivedi, S. Export Inspection Agency Laboratory, Pilot Test House Mumbai
Ministry of Commerce and Industry, Govt. of India
E-3, MIDC Area, Marol, Andheri (East)
Mumbai, 400093, Maharashtra

Kumar, S. J. National Centre for Compositional Characterisation of Materials
ECIL Post
Hyderabad, 500 062

Lenka, P. Spectrometry Laboratory, Health Physics Division
Centre for Training and Certification in Radiation Safety
Bhabha Atomic Research Centre
AERB Complex
Trombay, Mumbai, 400094

Narayanan, S. Chennai Mettex Lab Pvt Ltd
83, MKN Road, Jothy Complex, Guindy
Chennai, 600032

Indonesia

Santoso, M. Materials
Radiometry
Center for Nuclear Technique Research
Jalan Tamansari 71
Bandung, 40132

Iraq

Attiyah, M. Ministry of Environment
Radiation Protection Center (RPC)
Mahala 915 - Street 4, Building 15
P.O. Box 2187
10070 Baghdad, Al- Jadriya
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Italy

Di Vacri, M. L. Instituto Nazionale Di Fisica Nucleare
Laboratori Nazionali Del Gran Sasso
Via G. Acitelli 22
I-67100 Assergi

Durante, G. Laboratorio Fisico
Dipartimento Cosenza, Agenzia Regionale Ambiente Calabria
Via Leonardo Da Vinci, 49/51
87100 Cosenza

Porzio, L. Centro Regionale Per Le Radiazioni Ionizzanti E Non Ionizzanti
Struttura Semplice 21.02 – Rad. Ionizzanti Monitoraggio E Controllo Dei Siti Nucleari
Arpa Piemonte
Via Trino, 89
13100 Vercelli

Taroni, M. KAOS Coop.
Via Gulinelli, 15
44124 Ferrara

Tirone, E. Eurolab s.r.l.
Via Bardonecchia 4
10042 Nichelino

Zambelli, G. Nucleare Protex Italia S.p.a.
Via Cartesio 30
47100 Forli

Japan

Fujikawa, T. Laboratory for Instrumentation and Analysis
The General Environmental Technos Co.,Ltd. (KANSO Technos)
3-1-1, Higasikuraji, Katano
Osaka, 576-0061

Nagasawa, K. Fukushima Ken Kankyokensa Sentar Corp
60-1, Shimotagawara Kanaya
Tamuramachi Koriyama-City
Fukushima, 963-0725

Yanagisawa, K. Japan Atomic Energy Agency
8-1, Minaminakayachi, Sasakino
Fukushima-City, 960-8057

Kenya

Wachira, G. KEPHIS Headquarters
Oloolua Ridge, Karen
P.O. Box 49592-00100
Nairobi
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Kyrgyzstan

Sitdikova, F. Radiation Safety Department
Ministry of Health
Dept. for State Sanitary Epedemiological Control
535, Frunze
720033 Bishkek

Lithuania

Druteikiene, R. Mass Spectrometry Laboratory
Center for Physical Sciences and Technology
Savanoriu Av. 231
02300 Vilnius

Malaysia

Rahman, S. A. Nuclear Activation Analysis Department
Ministry of Science, Technology and Innovation
Malaysian Nuclear Agency
Complex PUSPATI
Selangor
43000 Kajang

Soo, E. M. Chemsil Air & Water Sdn. Bhd.
33, Jalan Kota Raja H27/H,
Hicom Town Centre, Seksyen 27
40400 Shah Alam, Selangor

Mexico

Hernandez Mendoza,
H.

Instituto Nacional de Investigaciones
Nucleares (inin)
Gerencia de Tecnologia Nuclear
Km 36.5 Carr. Mex-Toluca
Ocoyoacac, C.P. 52045, Estado de Mexico

Juarez, R. Departamento de Analisis Quimicos
Instituto Nacional de Investigaciones Nucleares (ININ)
Gerencia de Tecnologia Nuclear
Km 36.5 Carr. Mex-Toluca
Ocoyoacac, C.P. 52045, Estado de Mexico

Mongolia

Davaasuren, B. Central Geological Laboratory
Songinokhairkhan District, 18th
Trade Union Street, P.O.B-437
18080 Ulaanbaatar
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New Zealand

Hermanspahn, N. National Radiation Laboratory
108 Victoria St.
P.O. BOX 25099
8011 Christchurch

Nigeria

Abdullahi, A. S. Centre for Energy Research and Training
Sokoto Road
P.M.B. 1014
Samaru, Zaria

Pakistan

Ali Khan, A. Chemistry Division
Pakistan Institute of Nuclear Science & Technology (PINSTECH)
P.O. NILORE
Islamabad, 45650

Philippines

Bagsit, E. Regional Standards and Testing Laboratory (RSTL)
Department of Science and Technology, Region IV-A
Jamboree Rd., Timugan
Los Banos, Laguna

Lit, A. Analytical Solutions Testing and Services
Units 206/207, Valley High, Microtel Business Complex
General Santos City, 9500

Millena, C. Department of Science and Technology
Regional Office No. V
Regional Standards and Testing Laboratories
Regional Center Site, Rawis
Legazpi City, 4500, Albay

Pillas, J. Institute of Chemistry
University of the Philippines Los Banos
College, Laguna
4031 Los Banos

Salazar, R. Department of Science and Technology
Regional Office No. IX
Pettit Barrackc
Zamboanga City, 7000

Usero, R. Negros Prawn Producers Cooperative
Analytical and Diagnostic Laboratory
Door 1+2, Nolkfi Bldg., 6th Street
Bacolod City, 6001, Negros Occidental
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Poland

Dinh Chau, N. Faculty of Physics and Nuclear Techniques
University of Science and Technology (AGH)
Al. Mickiewicza 30
30059 Cracow

Romania

Bucur, M. Institute for Nuclear Research
Campului Street, 1
P. O. BOX 78
R-115400 Mioveni, Arges

Mincu, M. Laboratory for Characterization of Spent Nuclear Fuel and Radioactive Waste - LABORAD
Institute for Nuclear Research
Campului Street, 1
P.O. BOX 78
R-115400 Mioveni, Arges

Saudi Arabia

Ebaid, Y. Technology Experts Est.
Alyarmouk Quartet, Alkhandaq Str
P.O. BOX 361301
Riyadh, 11313

Serbia

Cujic, M. Department for Radioecology and Agrochemistry
Institute for the Application of Nuclear Energy - INEP
Banatska, 31 B
11080 Belgrade

Singapore

Kin Pong, B. Defence Medical & Environmental Research Institute (DMERI)
DSO National Laboratories
Block 6, 11 Stockport Road
Singapore, 117605

Koh, S. Agri Food and Veterinary Authority
Veterinary Public Health Centre
10 Perahu Road
718837 Singapore

Tan, S. KMG Ultra Pure Chemicals Pte. Ltd.
14 Tuas Ave 20
Singapore, 638826

Tai, L. Public Utilities Board (PUB)
82 Ton Guan Road East # C2-14
Singapore, 608576
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Slovakia

Durecova, A. Department of Radiation Protection
Regional Authority of Public Health
Cesta K Nemocnici 1
SK-975 56 Banska Bystrica

Slovenia

Smodis, B. Environmental Sciences Division
Institute Jozef Stefan
Jamova Cesta 39
1000 Ljubljana

South Africa

Louw, I. South African Nuclear Energy Corporation (NECSA)
Church Str West (ext)
Pelindaba, 0001

Mohlala, N. National Nuclear Regulator
420 Witch Hazel Avenue
P O Box 7106
0046 Centurion

Tasana, N. Chemistry Group
Koeberg Nuclear Power Station
Eskom Nuclear Portfolio
R-27 West Coast Road
7440 Cape Town, Melkbosstrand

Spain

Fabregas, J. Universitat Rovira I Virgili
Apartat de Correus N.7
Consorci D Aigues de Tarragona (CAT) / Etap de L Ampolla
CTRA. NACIONAL 340, KM 1049
43895 L Ampolla, TARRAGONA

Gasco Leonarte, C. Radiactividad Ambiental y Vigilancia Radiologica
CIEMAT
Avda. Complutense, 22
E-28040 Madrid

Guillen Gerada, F. LARUEX, Faculty of Veterinary Sciences
University of Extremadura
Avda. Universidad, s/n
10003 Caceres

Juan Pernia, S. Quality Department Labs & Technological Services AGQ, S.L.
Ctra. A-433 Km. 24,3
41220 Burguillos, Sevilla
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Llaurado, M. Departament de Quimica Analitica, Facultat de Quimica
Universitat Barcelona
Marti I Franques, 1-11,
08028 Barcelona

Navarro Navalon, E. Environmental Assays, Radiochemical Department
Laboratorio GEOCISA
Los Llanos de Jerez, 10-12
Poligono Industiral de Coslada
E-28823 Coslada, Madrid

Otero Pazos, A. Laboratorio de Radiactividad Ambiental
Escuela Universitaria Politecnica de Ferrol
Universidad De A Coruna
Avenida 19 de Febrero
15405 Ferrol, A Coruna

Penalver, S. Unitat de Radiochimica Ambiental i Sanitaria(URAIS)
Laboratori d Emergencies i Qualitat de l Aigua
Universitat Rovira I Virgili
Apartat de Correus N.7
Consorci D Aigues de Tarragona (CAT) / Etap de L Ampolla
CTRA. NACIONAL 340, KM 1049
43895 L Ampolla, Tarragona

Vaquero Gonzalez, P. Labaqua, S.A.
Calle Dracma, 16-18 - Poligono Industrial Las Atalayas
03114 Alicante

Sri Lanka

Seneviratne, M. Nuclear Analytical Services Section
Atomic Energy Authority
No. 60/460 Baseline Road
Orugodawatte, Wellampitaya

Jayalath, H. A. P. Geological Survey & Mines Bureau
No 569, Epitamulla Road
Colombo

Sweden

Rodushkin, I. ALS Laboratory Group
ALS Scandinavia AB
Aurorum 10
S-977 75 Lulea

Switzerland

Jakob, A. Physics Division, Environmental Analysis
Swiss Defence Procurement Agency
Federal Department of Defence,
Civil Protection and Sports DDPS
Federal Office for Civil Protection FOCP
Austrasse
CH-3700 Spiez
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Syrian Arab Republic

Al-Merey, R. Atomic Energy Commission of Syria
17 Nisan- Kafersosah
P.O.Box 6091
Damascus

Thailand

Udomsomporn, S. Radiation Measurements Division
Office of Atomic Energy for Peace
Vibhavadee Rangsit Road
CHATUCHAK
Bangkok, 10900

Tunisia

Oueslati, M. Radio-analytical Laboratory
Centre National des Sciences et
Technologies Nucleaires
Pole Technologique
P.O.Box 204
Sidi Thabet, 2020

Turkey

Cantay, E. Turkish Atomic Energy Authority
Saraykoy Nuclear Research and Training Center
Istanbul Road 30KM
06983 Kazan, Ankara

Haznedaroglu, H. Quality Unit
Turkish Atomic Energy Authority
Cekmece Nuclear Research and Training Center
Cucukcekmece
Altinsehir Yolu 5.km
34303 Kucukcekmece

Ukraine

Molchanov, O. Measurement Laboratory
Center of Radioecological Monitoring LTD,
Gagarina Str. 40, Building 4
52210 Zhovti Vody, Dnipropetrovsk Region

Ozornov, A. Radiochemical Laboratory
State Specialised Scientific and Industry Enterprise
- Chernobyl Radioecology Senter (SSSIE Ecocenter)
6 Shkolnaya Street
07270 Chernobyl
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United Kingdom

Barlow, T. Inorganic Geochemistry, Environmental Science Centre
British Geological Survey
Kingsley Dunham Centre
Nicker Hill
Keyworth Nottingham, NG12 5GG

United States of America

Anagnostopoulos, V. Applied Research Center
Florida International University
10555 W Flagler Str., Ec 2100
Miami, 33174

Bair, E. University of South Carolina
701 Sumter Street, Room EWS 617
29208 Columbia, SC

Judd, C. Biggs Laboratory, Wadsworth Center
New York State Department of Health
Dock J P1 Level
Empire State Plaza
12237 Albany

Uzbekistan

Talipov, B. Laboratory of Radioactive Contamination Monitoring
Republic of Uzbekistan Cabinet of Ministers, Main Administration of Hydrometeorology
Bodomzor Yuli - 1 Tupik , 72
Tashkent, 100052

Viet Nam

Nguyen, T. K. D. Institute for Technology of Radioactive & Rare Elements
48 Lang Ha Street
Hanoi

Vi, T. M. L. Research Center for Environmental Technology and Sustainable Development (CETASD)
Hanoi University of Science
334 Nguyen Trai Str.
Thanh Xuan dist. Hanoi

Zambia

Monga, G. Central Veterinary Research Institute
P.O. Box 33980
Lusaka
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