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FOREWORD 

Reliable determination of natural and artificial radionuclides in environmental samples is 
necessary to comply with radiation protection and environmental regulations. The IAEA 
assists Member State laboratories in maintaining and improving their readiness by producing 
reference materials, by developing standardized analytical methods, and by conducting 
interlaboratory comparisons and proficiency tests as tools for quality control. To fulfil this 
obligation and ensure a reliable, worldwide, rapid and consistent response, the IAEA Terrestrial 
Environment Laboratory in Seibersdorf, Austria, organizes interlaboratory comparisons and 
proficiency tests.  

This summary report presents the results of the worldwide proficiency test IAEA-CU-2009-
03 on the determination of natural and artificial radionuclides in moss-soil and spiked water. 
The methodologies, data evaluation approach, summary evaluation of each nuclide and 
individual evaluation reports for each laboratory are also described. 

This proficiency test was designed to identify analytical problems, to support Member State 
laboratories to improve the quality of their analytical results and maintain their accreditation, 
and to provide a regular forum for discussion and technology transfer in this area. The number 
of samples, their matrix interferences and the concentration levels of the analytes were 
designed in a way that enables identification of potential analytical problems.  

In addition to the IAEA Terrestrial Environment Laboratory, two expert laboratories took part 
in the characterization campaign of the moss-soil reference material IAEA-447, namely, the 
Radiological Reference Laboratory of the Hungarian Agricultural Authority in Budapest, 
Hungary (S. Tarjan), and the Jožef Stefan Institute in Ljubljana, Slovenia (M. Korun). The 
IAEA would like to express its appreciation for their contributions. The IAEA officer 
responsible for this publication was A. Shakhashiro of the IAEA Environment Laboratories. 



EDITORIAL NOTE 

The use of particular designations of countries or territories does not imply any judgement by the 
publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and 
institutions or of the delimitation of their boundaries. 

The mention of names of specific companies or products (whether or not indicated as registered) does 
not imply any intention to infringe proprietary rights, nor should it be construed as an endorsement 
or recommendation on the part of the IAEA. 
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1. INTRODUCTION 
A reliable determination of artificial and naturally occurring radionuclides in environmental 
samples such as moss-soil is necessary to comply with the radiation protection and 
environmental regulations. 

Mosses are small, soft plants, they are found mainly in areas of dampness and low light. 
Mosses are common in wooded areas and at the edges of streams. They are also found in 
cracks between paving stones in damp city streets and in abandoned stone mines. In this 
proficiency test, the IAEA-447 reference material prepared from a terrestrial moss-soil, i.e. 
the mosses with the adhered eroded soil to the plant, was used as a proficiency test material, 
since it is considered to be an excellent radioactivity bio-monitor.  

This proficiency test (PT) is part of the series of world wide proficiency tests organised every 
year by the IAEA Terrestrial Environment Laboratory. This series of PTs is designed to 
identify analytical problems, to support Member State laboratories to maintain their 
accreditation and to provide a forum for discussions regarding the analysis of naturally 
occurring radionuclides. The range of sample types available for analysis has been mainly at 
environmental levels.  

In this PT, the test item set consisted of four samples: one moss-soil (the IAEA-447 reference 
material) and three tap water samples spiked with gamma emitting radionuclides. The main 
task of the participating laboratories was to identify and traceably quantify the activity levels 
of radionuclides present in these matrices. The tasks of the IAEA were to prepare and 
distribute the samples to the participating laboratories, to collect and interpret analysis results, 
and to compile a comprehensive report. 

The certified massic activity values of all radionuclides used in this PT were traceable to the 
International standards of radioactivity.  

In this PT, 1200 test items (reference materials) were prepared and distributed in November 
2009 to 300 laboratories from 69 countries. The deadline for receiving the results from the 
participants was set at 15 May 2010. 
  
The participating laboratories were requested to analyse K-40, Co-60, Zn-65, Cs-134, Cs-137,  
Tl-208, Pb-210, Pb-214, Bi-214, Ra-226, Ac-228, Th-234, Am-241, Sr-90, Po-210, U-234,  
U-238, Pu-238 and Pu-239+240 in the moss-soil samples 01, and Mn-54, Co-57, Co-60, Zn-
65, Cs-134, Cs-137, Ba-133 and Eu-152 in water samples 02, 03 and 04.  
 
The participants were informed that not all radionuclides were present in the samples and they 
had to report on those radionuclides which could be measured reliably. The analytical results 
of the participating laboratories were compared with the reference values assigned to the 
reference materials, and a rating system was applied. 

The laboratories which responded to this PT and contributed to the present work are highly 
appreciated and acknowledged.  

The summary evaluation of this proficiency test demonstrated that 66% of the overall reported 
analytical results resulted in acceptable performance and fulfilled the evaluation criteria 
applied in this PT. 
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Figure 1 reports the summary of the analytical data evaluation of this proficiency test.  

Figure 1. Summary of the analytical performance evaluation of the participating laboratories. 

A: Acceptable performance 

W: Acceptable with warning 

N: Not acceptable performance 
 

Summary performance evaluation of all reported data 
6500 measurement results 

 

A
66%

N
26%

W
8%
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2. MATERIALS AND METHODS 

2.1. Proficiency test objectives 
The measurement of moss-soil and water samples containing a mixture of radionuclides with 
an unknown (to the participants) composition was aimed at (i) Assessment of the analytical 
performance of the participating laboratories in determining natural radionuclides in moss-soil 
and water matrices, (ii) testing the international comparability of radiological measurements 
and (iii) encouraging the participating laboratories in finding remedial actions where 
shortcomings in analytical performance are detected. 

2.2. Participants 
A total of 266 laboratories from 300 initially registered reported their results to the IAEA. A 
full listing of participating laboratories who reported their results in this PT is given in 
Appendix II. 

2.3. Preparation of the proficiency test materials 
The following proficiency test design was applied:  

• Three water  samples (500 mL) spiked with gamma emitting radionuclides, 

• One moss-soil sample (150 g) containing natural and artificial radionuclides.  

Figure 2 shows the PT material sets. 

 

 

Figure 2. Distribution of the PT sets. 

 

2.3.1. Preparation of the spiked water samples 02, 03 and 04 
Tap water outsourced in one batch from Seibersdorf laboratories, was used to prepare all 
spiked water samples. The water was acidified and then analysed for the radionuclides of 
interest. It was found that the activity value of each measurand was below the detection limit 
of the analytical method which is far below the spiked activity value. 

The water samples 02 and 04 were gravimetrically prepared in one batch. A portion of 320 kg 
of the blank water prepared above was spiked with an appropriate amount of a mixture of 
certified single radionuclide solutions of Co-57, Co-60, Cs-134, Cs-137 and Eu-152 traceable 
to the international standard of radioactivity. Table 1 shows the identification of the certified 
solutions of each radionuclide used in spiking the water samples in this PT.  

3

11



 

For homogenising the spiked water, a pump with multiple outlets was used to mix the water 
in a tank of 600 litre. The homogenised spiked water was bottled in 500 mL portions in 
appropriate plastic bottles. The total mass of the bottle with the label was registered for 
further control. Three water sample portions at 100 g were analysed by gamma spectrometry. 
The relative standard deviation of each analyte was calculated. It was found that the relative 
standard deviations of all analytes were below the method repeatability relative standard 
deviation, which demonstrates satisfactory homogeneity of the water sample. 

Table 2 lists the target values and the associated combined uncertainty in the water samples. 
TABLE 1. IDENTIFICATION OF THE CERTIFIED SOLUTIONS OF EACH RADIONUCLIDE USED IN   
                  SPIKING THE WATER SAMPLES IN THIS PT 

Nuclide Manufacturer code Source manufacturer 

Co-57 9031-OL-090/09 Czech Metrological Institute 

Co-60 Co60-ELSB50 Cerca 

Cs-134 Cs134ELSR50 Cerca 

Cs-137 CDZ64/S4/14/70 Amersham 

Eu-152 Eu152-ELMB90 Cerca 

 

TABLE 2. TARGET VALUES AND RESPECTIVE COMBINED STANDARD UNCERTAINTIES OF THE  
RADIONUCLIDES OF INTEREST IN WATER SAMPLES 

Analytes 

Water Samples 02 
and 04 

Activity 

(Bq/kg) 

Uncertainty 
(Bq/kg) 

Water Sample 03
Activity 

(Bq/kg) 

Uncertainty 

(Bq/kg) 
MAB (%) LAP (%) 

Co-57 7.5 0.15 2.5 0.05 10 10 

Co-60 6.0 0.12 2.1 0.04 10 10 

Cs-134 13.9 0.28 4.6 0.1 10 10 

Cs-137 9.5 0.19 3.2 0.06 10 10 

Eu-152 11.3 0.23 3.7 0.08 10 10 

For all measurement results the reference date is 15 November 2009, the combined standard 
measurement result uncertainty is expressed at 1σ level. 

 

2.3.2. Verification of the target activity values and homogeneity test 
The final target activity value in water samples for each radionuclide was calculated from the 
certified activity values assigned to each radionuclide, taking into account the successive 
gravimetric dilution steps, the mass of spiking mixture and the amount of water being spiked 
as determined from weighing. The combined standard uncertainty includes two major 
components: uncertainty of the certified solution and weighing uncertainty.  

To confirm the assigned target values and to study the homogeneity of the test items, two 
bottles from each water sample were analyzed at the IAEA Terrestrial Environment 
Laboratory. The measurement results obtained by the laboratory were in agreement with the 
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assigned target values and demonstrated that the homogeneity of the water samples was fit for 
the purpose of this proficiency test.   

2.3.3. Preparation and characterization of sample 01 (IAEA-447 Moss-soil)   
The IAEA-447 moss-soil reference material was collected in 2007 from an abandoned red 
marble mine in “Gerecse Mountain” located in the north-west of Hungary by the Reference 
Radiological Laboratory of the Ministry of Agriculture and Rural Development in Hungary in 
cooperation with the Reference Materials Group of the IAEA Terrestrial Environment 
Laboratory. 
The mosses were naturally grown on large flat red marble stones surfaces which were 
extensively covered with mosses (see Figure 3). Both natural and artificial radionuclides from 
the fall-out have been accumulated during the last 40 years. Hence, the collected mosses with 
the eroded soil adhered to it, were representing an accumulated history or a memory record of 
the radionuclides fall out of the last 4 decades. 

Three hundred kg of the collected bulk material was first air dried in an oven, then milled and 
homogenised in one lot in a clean atmosphere. The used homogenizer was a rolling-drum type 
of 300 litres capacity. 

 
Bottling of IAEA-447 was done under normal laboratory conditions; 1100 secure bottles were 
filled in one day taking all precautions to avoid segregation. The bottles were labelled 
arranged into big plastic boxes and sterilized using gamma ray irradiation with a total dose of 
25 kGy using a Co-60 source. 

The secure bottle size was 450 mL with wide secure-sealed cover to preserve the integrity of 
the reference material in the bottle. The amount of the material in each bottle was 150 g. 

 
Figure 3. The sampling field where the moss-soil was collected. 

 

2.3.4. Homogeneity study and characterization of the IAEA-447 
To assess the homogeneity of the IAEA-447 moss-soil reference material, 10 bottles covering 
the whole bottling range were randomly selected; three independent test portions of~30 g and 
~0.5 g from each bottle were used to perform gamma spectrometry measurements and 
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radiochemical analysis, respectively. A gamma spectrometer equipped with broad energy 
detector was used to analyze K-40, Cs-137, Tl-208, Pb-210, Pb-212, Pb-214, Bi-214, Ra-226, 
Ac-228, Th-234 and Am-241. Po-210, Ra-226, U-234, U-238, Pu-239+240, Pu-238 and Am-
241 were determined by isotope dilution alpha spectrometry; Pb-210 and Sr-90 by liquid 
scintillation spectrometry following sample dissolution by wet mixed acid dissolution or 
microwave digestion or molten salt fusion and sequential radiochemical separation 
procedures. 
The analysis of homogeneity study was performed under repeatability conditions to minimize 
variations. 

The outcome of the homogeneity study demonstrated that the uncertainties due to between 
and within bottles heterogeneity ubb were within acceptable limits and the material could be 
considered sufficiently homogeneous for the tested radionuclides at the range of mass used.  

2.3.4.1. Characterization and assignment of target values of the measurands of IAEA-447 

The analysis related to the homogeneity study and characterization of the reference material 
were performed at the IAEA Terrestrial Environment Laboratory in Seibersdorf (Austria). 
Then the analytical results of the characterization were confirmed by two external expert 
laboratories.  

The gamma emitting radionuclides were measured using a metal (radon tight) sample 
container. The spectrum was collected after 30 days when the Ra-226 Rn-222 equilibrium 
reached. A special low background n-type HPGe detector 30% relative efficiency with 
CARBON-EPOXI window was used for the spectrum collection. The shielding was made of 
7 cm low background lead and 3 mm of copper. An example for the measurement of gamma 
emitting nuclides in the IAEA-447 the moss-soil reference material is shown on the Figure 4. 

The property values of all radionuclides of the IAEA-447 were established on the basis of a 
robust approach proposed by David L. Duewer [1] and the Mixture Model Median (MM-
median) of the analytical results reported by the IAEA Terrestrial Environment Laboratory 
was calculated. The MM-median is a direct analogue of the median. It is the location which 
divides the Mixture Model Probability Density Function (MM-PDF) into two sections of 
equal area. The MM-median is closely related to the median. It is robust to outliers and also 
accounts for the reported uncertainty of each measurement result. 

To estimate the standard uncertainty associated with the property value the MM-median based 
Standard Deviation S(MM-median) was calculated from the span of the central 50% of the 
MM-PDF density function [1]. 

2.3.4.2. Determination of Pb-210 and Po-210 in the moss-soil reference material 

Preparation of the samples 

Half g aliquots of the sample from the different bottles were transferred into microwave 
containers, about 30 mg of Pb2+ carrier; about 0.4 Bq of Po-209 tracer and 15mL 65% HNO3 
were added. After digestion the sample solutions were then transferred to plastic centrifuge 
tubes and centrifuged for 10 minutes at 3000 rpm. The supernatants were transferred to Teflon 
beakers and the residues were transferred back into the microwave containers with 3 mL 
HNO3 and 2 mL of 40% HF. The residues were digested again using the same microwave 
program achieving complete sample dissolution. The solutions of the residues were combined 
with their supernatants, and then evaporated with three portions of 5 mL of 65% HNO3 to 
remove HF and than dissolved in 30 mL of 2M HCl and 0.1 g H3BO3.  
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Radiochemical Separations  

After sample digestion, polonium and lead were separated using the method proposed by 
Vajda et al. [2]. The solution was loaded on Sr Resin column preconditioned in advance with 
100 mL 2 M HCl. The column was rinsed with 100 mL of 2 M HCl and 25 mL 6 M HNO3 to 
remove the non-retained ions. The effluent and washing solutions were combined and used 
for analysis of uranium and thorium. Polonium was stripped with 60 mL 6 M HNO3, and then 
lead was eluted with 60 mL 6 M HCl. Polonium solution was carefully evaporated to dryness. 
The residue was taken with 10 mL 0.5 M HCl transferred into a Teflon deposition cell, the pH 
of the solution was adjusted to 1 using 6 M NaOH. Polonium was auto-deposited onto silver 
disc at 90°C for 90 min with stirring the solution, and then Po-210 was determined by isotope 
dilution alpha-spectrometry. The Pb fraction was evaporated 3 times with 2 mL of 65% 
HNO3. The residue was dissolved in 20 mL 1 M HNO3, add 0.400 g oxalic acid to warm 
solution and adjust the pH to 3-5 with NH3(aq) to precipitate Pb-oxalate. The Pb-oxalate 
precipitate was filtered through a pre-weighed filter paper (∅ 24 mm). The filter was washed 
with 3*1 mL water and 2 mL of ethanol, dried in oven at 40-50oC, cooled in a dessicator and 
weighted to determine the mass of lead-oxalate and the chemical recovery gravimetrically. 
The lead-oxalate precipitate was transferred together with the filter into liquid scintillation 
vial, dissolved in 1 mL 6 M HNO3 and mixed it with 14 mL ‘INSTA-GEL PLUS’ liquid 
scintillation cocktail. Pb-210 was determined by liquid scintillation spectrometry. Figure 5 
illustrates the LSC spectrum of Pb-210 in moss-soil.  

Figure 4.  Gamma spectrum of the moss-soil IAEA-447 in the channel range 0-8000. 
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TABLE 3. TARGET VALUES, STANDARD UNCERTAINTIES AND ACCEPTANCE 
LIMITS FOR LAP (%) AND MAB (%) OF ANALYTES IN MOSS-SOIL (SAMPLE 01) 
USED IN THE EVALUATION 

Analytes 
The moss-soil reference material IAEA-447 

Massic activity* 

(Bq/kg) 

Uncertainty 

(Bq/kg) 
MAB (%) LAP (%) 

K-40 550  20 20 20 

Sr-90 5.0 0.3 20 20 

Cs-137 425 10 20 20 

Tl-208 13.0 0.5 20 20 

Pb-210 420 20 20 20 

Po-210 423 10 20 20 

Pb-212 37.0 1.5 20 20 

Pb-214 26.0 2.0 20 20 

Bi-214 24.8  2.0 20 20 

Ra-226 25.1 2.0 20 20 

Ac-228 37.0 2.0 20 20 

Th-234 25.5 3.0 20 25 

U-234 21.8 0.8 20 30 

U-238 22.2 0.8 20 30 

Pu-238 0.15 0.015 20 35 

Pu-239+240 5.3 0.16 20 20 

Am-241 2.2 0.2 20 25 

*Massic activities of daughter radionuclides are valid when secular equilibrium is maintained. 
The reference date for decay correction is 2009-November-15. 
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2.3.4.3. Determination of U-234, U-238, Pu-239+240, Pu-238, Am-241 and Sr-90 using the 
conventional sequential separation method 

Preparation of the samples 

The samples were ashed at 600oC. Ten g weighed ash replicates were taken from the different 
bottles. Sample decomposition was carried out using the conventional wet digestion 
procedure, after addition of Sr carrier, Pu-242 and Am-243 tracers. Nine samples were spiked 
with U-232 tracer too, for the determination of U-238 and U-234. 

Radiochemical separations 

For the separation of uranium, the supernatant obtained from Ca-oxalate precipitation was 
evaporated to dryness, the oxalate was decomposed by digestion and repeated evaporation 
with 65% HNO3. The residues were dissolved in 15-30 mL 3 M HNO3, and then loaded on 
UTEVA resin column (Bed volume; 1.4 mL, column length: 26 mm) pre-conditioned with 20 
mL 3M HNO3. The column was washed with 30 mL 3 M HNO3, followed by 20 mL 6 M 
HCl. Uranium fraction was eluted with 6 mL of H2O eluted with 6 mL of H2O, and then 
evaporated with 2 mL 65% HNO3. After electro-deposition onto stainless steel discs, uranium 
was determined by alpha-spectrometry. 

2.3.4.4. Determination of U-234, U-238, Pu-239+240, Pu-238, Am-241 using the rapid 
method  

Preparation of the samples 

The samples were ashed at 600oC. Half g weighed ash replicates were taken from the different 
bottles. Sample decomposition was carried out by molten salt fusion with 2 g LiBO2, 0.2 g 
NaCO3 and 0.1 g KI after addition of Pu-242 and Am-243 and U-232 tracers.  
The melt was pured into 100 mL 1MHCl and then dissolved. 

Radiochemical separations 

The actinides were preconcentrated after reduction with N2H4 by co-precipitation with 
calcium fluoride in acidic solution [3]. After dissolution of the precipitate the actinides were 
separated by selective extraction chromatography using a single column filled with TRU 
resin. Am, Pu and Th were stripped separately, while U and Np were stripped together. U 
fraction was purified by extraction chromatography using UTEVA resin. 

Alpha sources were prepared from the chromatographic strip solutions directly by micro-co-
precipitation with neodymium fluoride. Activities were determined by isotope dilution alpha 
spectrometry. Figures 6, 7, 8 and 9 shows the alpha spectra obtained from the moss-soil 
sample. 

2.3.4.5. Instrumentation 

Alpha-spectrometer system: EG & G ORTEC OCTETE, with EG & G Ultra BU-020-450-AS 
PIPS detectors, Canberra AMX 884 multiplexer, RPI 554, ADC 8701,and AIM556 modules 
were used. The alpha spectra were collected and evaluated using Canberra Genie 2000 
software. 

Liquid Scintillation Spectra were collected and evaluated using Wallac WINQ v. 1.1 and 
EASYview v.1.0.3.4. 

Claisse Fluxer and Milestone MLS-Ethos plus microwave were used for sample peparation. 
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Figure 5. LSC Spectrum of Pb-210 in moss-soil where the first peak in the region of interest 
(ROI) is the Pb-210, the ingrowing Bi-210 could be also observed. 

 

 
Figure 6. Alpha-ray spectrum of Am separated from a moss soil sample (tracer: Am-243). 
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Figure 7. Alpha-ray spectrum of Po-210 separated from a moss soil sample (tracer: Po-209). 

 

Figure 8. Alpha-ray spectrum of Pu separated from a moss soil sample (tracer: Pu-242). 
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Figure 9. Alpha-ray spectrum of Ra-226 separated from a moss soil sample (tracer: Ra-225 
(beta emitter), through ingrowing At-217, short lived alpha emitting decay product). 
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3. PERFORMANCE CRITERIA 
Several rating systems have been developed for determining a laboratory’s performance and 
the meaning of the results of the different scoring systems are not always comparable. Among 
various statistics, z-scores and u-scores are most often used. The drawback of z-scores is that 
the uncertainty of the participant’s measurement result is not taken into account for the 
evaluation of performance. In the case of u-scores, the evaluation includes uncertainties of the 
participant measurements and the uncertainty of the assigned value. Laboratories performing 
well in classical proficiency testing (z-scores) will not necessarily exhibit the same level of 
performance when their analytical uncertainties are considered in the evaluation. 

The proficiency testing scoring system applied by the IAEA Terrestrial Environment 
Laboratory takes into consideration the trueness and the precision of the reported data and it 
includes in the evaluation both the total combined uncertainty associated with the target value 
of proficiency testing samples and the total uncertainty reported by the participating 
laboratories. According to the newly adopted approach, the reported results are evaluated 
against the acceptance criteria for accuracy and precision and assigned the status “acceptable” 
or “not acceptable” accordingly. A result must pass both criteria to be assigned the final status 
of “acceptable”. The advantage of this approach is that it checks the credibility of uncertainty 
statement given by the participating laboratories, and results are no longer compared against 
fixed criteria but participants establish their individual acceptance range on the basis of the 
uncertainties assigned to the values. Such an approach highlights not only methodological 
problems affecting the accuracy of the reported data but also identifies shortcomings in 
uncertainty estimation.  

In addition, three other statistical parameters namely: z-score, IAEA/Laboratory result ratio 
and relative bias are calculated as complementary information for the participating 
laboratories. 

3.1. Relative bias 

The first stage in producing a score for a result Value reported (a single measurement of analyte 
concentration in a test material) is obtaining the estimate of the bias. To evaluate the bias of 
the reported results, the relative bias between the reported value and the target value is 
calculated and expressed as a percentage: 

%100
Value

ValueValue

 target

targetreportedBias ×
−

=relative  (1) 

3.2. The z-score value 
The z-score is calculated from the laboratory results, the target value and a standard deviation 
in accordance with the following equation: 

σ
targetreported ValueValue −

=Scorez  (2) 

 

On the basis of the “fitness for purpose” principle, the target standard deviation (σ) is: 

0.10 x Value target 

The laboratory performance is evaluated as satisfactory if | z Score | ≤ 2; questionable for 
2<| z Score  |<3, and unsatisfactory for | z Score  |≥3. 
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3.3. The u-score value 
The value of the utest was calculated according to the following equation  

2
reported 

2
 target

reportedtarget ValueValue

uu
utest

+

−
=  (3) 

This value is compared with the critical value listed in the t-statistic tables to determine if the 
reported result differs significantly from the expected value at a given level of probability. 
The advantage of the utest is that it takes into consideration the propagation of measurement 
uncertainties when defining the normalized error. This is especially useful when evaluating 
results, which uncertainty may overlap with the reference interval. 

It should be noted that the choice of the significance level is subjective. For this proficiency 
test we have set the limiting value for the u-test parameter to 2.58 for a level of probability at 
99% to determine if a result passes the test (u < 2.58). 

3.4. Evaluation procedure 
The proficiency test results were evaluated against the acceptance criteria for trueness and 
precision and assigned the status “Acceptable”, “Warning” or “Not Acceptable” 
accordingly [4]. 

3.4.1. Trueness 

The participant result is assigned “Acceptable” status for trueness if: 

21 AA ≤  
where: 

A1 = reported  target ValueValue −  

 

A2 = 2
reported 

2
 target58.2 uu +×  

3.4.2. Assessment of claimed uncertainty  
To evaluate the claimed measurement result uncertainty an estimator P is calculated for each 
reported uncertainty, according to the following formula: 

P= %100
ValueValue

2

reported

reported 
2

target

 target ×⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ uu  

P directly depends on the measurement result uncertainty claimed by the participant. The 
Limit of Acceptable Precision (LAP) for each analyte respectively is defined for the 
respective proficiency test in advance, including any adjustment due to the concentration or 
activity level of the analytes concerned and the complexity of the analytical problem. 
Participants’ results are scored as “acceptable” for the claimed uncertainty when P ≤ LAP. 
The LAP values used in the evaluation of all radionuclides are listed in Tables 2 and 3. 

In the final evaluation, both scores for trueness and precision are combined. A result must 
obtain an “acceptable” score in both criteria to be assigned the final score “acceptable”. 
Obviously, if a score of “not acceptable” was obtained for both trueness and precision, the 
final score will also be “not acceptable”. In cases where either precision or trueness is “not 
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acceptable”, a further check is applied. The reported result relative bias (R. Bias) is compared 
with the maximum acceptable bias (MAB). If R. Bias ≤ MAB, the final score will be 
“acceptable with warning”. “Warning” will reflect mainly two situations. The first situation 
will be a result with small measurement uncertainty; however its bias is still within MAB. The 
second situation will appear when result close to the assigned property value is reported, but 
the associated uncertainty is large. If R. Bias > MAB, the result will be “not acceptable”. The 
MAB values used in the evaluation of all radionuclides are listed in Tables 2 and 3. 
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4. RESULTS AND DISCUSSION 

4.1. General 

In this PT, 6505 measurement results were reported to the IAEA from 266 laboratories in 69 
countries. 

One month after the deadline for reporting results, each participant obtained an individual 
evaluation report using a dedicated on-line application to give a rapid feed back on the 
performance of the laboratories.  

The participants’ data along with the statistical performance evaluation were compiled and 
sorted by analyte and reported in Appendix I.  

The number of reported results and obtained evaluation as acceptable/warning/not acceptable 
of each laboratory is presented graphically in Figure 10. This way of presenting results 
evaluation allows the participating laboratories to compare their results to those reported by 
other laboratories and to benchmark their performance level with peers. In addition, all 
participating laboratories could share the technical information provided in the Appendix I to 
identify the commonly applied analytical procedures, the listed information could also be used 
to find out the weak or strong points in the analytical procedure adopted by each laboratory 
when comparing the laboratory evaluation results with other participating laboratories. 

To have an overview of the participants’ performance for each specific radionuclide, each 
radionuclide was studied individually. Table 4 shows the distribution of results scored as 
acceptable/warning/not acceptable for each evaluated radionuclide and for each sample.  

The S-shape charts of the reported analytical results are presented in Appendix I to give an 
overall view of the analytical performance of the laboratories population in this PT. The list of 
participating laboratories is presented in Appendix II.  

The overall evaluation showed that 26% of all reported results failed to meet the PT criteria. 
Contrary to expectation, it was noticed that the percentage of acceptable results for 
radionuclides in moss-soil was slightly higher (around 10%) than the observed performance 
level for the water samples. This could be attributed to the relatively low level of radioactivity 
in water samples.  

To compare the performance level of each laboratory a normalized average analytical 
performance and the percentage of “Not Acceptable” scores were calculated in the following 
way: 

Normalized average performance (%) = ((A+W)/ NRR)*100 

Percentage of “Not Acceptable scores” (%) = (N/NRR)*100 

Where: 

A: number of obtained “Acceptable” scores 

W: number of obtained “Warning” scores 

N: number of obtained “Not Acceptable” scores 

NRR: Total number of reported results. 

The results of the calculation are shown in Table 5 in ascending order according to the 
normalized average performance value. 

This approach of presenting the level of performance of all laboratories allows each 
participant to compare its own performance level with the level of peers. 
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TABLE 4. SUMMARY EVALUATION OF ALL NUCLIDES SORTED BY SAMPLE 

 Radionuclide 

No. of 

reported 

results 

Percentage of 

“Acceptable” 

results (%) 

Percentage of 

“Warning” 

results (%) 

Percentage of “Not 

Acceptable” results 

(%) 

Sample 01 
IAEA-447 
moss-soil 

K-40 247 80 7 13 

Sr-90 79 38 4 58 

Cs-137 250 79 11 10 

Tl-208 205 51 4 45 

Pb-210 178 72 5 23 

Pb-210* 21 76 0 24 

Po-210 59 51 12 37 

Pb-212 179 84 5 11 

Pb-214 218 75 3 22 

Bi-214 217 74 4 21 

Ra-226 189 52 8 40 

Ac-228 226 89 1 10 

Th-234 161 50 18 32 

U-234 88 49 16 35 

U-238 90 49 7 44 

Pu-238 54 44 4 52 

Pu-239+240 76 59 13 28 

Am-241 144 70 11 19 

Am-241* 42 55 7 38 

Sample 02 
Spiked water 

Co-57 242 54 12 34 

Co-60 257 77 6 17 

Cs-134 257 61 8 32 

Cs-137 252 82 4 14 

Eu-152 245 62 11 27 

Sample 03 
Spiked water 

Co-57 231 42 16 42 

Co-60 250 61 16 23 

Cs-134 257 61 8 31 

Cs-137 260 69 8 23 

Eu-152 235 60 12 28 

Sample 04 
Spiked water 

Co-57 241 53 10 37 

Co-60 257 76 6 18 

Cs-134 257 63 7 30 

Cs-137 260 78 6 16 

Eu-152 247 64 11 25 

* Radiochemical method 
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TABLE 5. SUMMARY INDIVIDUAL EVALUATION SORTED BY THE AVERAGE OF PERFORMANCE 
SCORE 

Lab. 
 code 

Number 
of 

reported 
results 

Scored “Acceptable” 
results 

Scored “Warning” 
results 

Scored “Not 
Acceptable” results 

Normalized 
Average 

performance 
# (%) # (%) # (%) (%) 

3 29 18 62 11 38 0 0 100 
33 12 12 100 0 0 0 0 100 
45 26 26 100 0 0 0 0 100 
57 25 24 96 1 4 0 0 100 
58 24 24 100 0 0 0 0 100 
63 31 31 100 0 0 0 0 100 
65 27 26 96 1 4 0 0 100 
68 18 18 100 0 0 0 0 100 

158 15 15 100 0 0 0 0 100 
162 17 16 94 1 6 0 0 100 
170 24 21 88 3 13 0 0 100 
175 29 29 100 0 0 0 0 100 
186 15 15 100 0 0 0 0 100 
214 19 18 95 1 5 0 0 100 
243 15 15 100 0 0 0 0 100 
274 30 26 87 4 13 0 0 100 
300 25 22 88 3 12 0 0 100 
39 33 28 85 4 12 1 3 97 
26 32 28 88 3 9 1 3 97 

200 31 28 90 2 6 1 3 97 
22 30 29 97 0 0 1 3 97 
62 30 26 87 3 10 1 3 97 

133 30 28 93 1 3 1 3 97 
20 28 27 96 0 0 1 4 96 
24 27 24 89 2 7 1 4 96 
11 26 25 96 0 0 1 4 96 
17 26 24 92 1 4 1 4 96 
18 26 24 92 1 4 1 4 96 
23 26 24 92 1 4 1 4 96 
40 26 25 96 0 0 1 4 96 
53 26 25 96 0 0 1 4 96 

101 26 25 96 0 0 1 4 96 
112 26 23 88 2 8 1 4 96 
258 26 23 88 2 8 1 4 96 
99 25 24 96 0 0 1 4 96 
21 24 9 38 14 58 1 4 96 

233 24 23 96 0 0 1 4 96 
295 24 18 75 5 21 1 4 96 
298 21 15 71 5 24 1 5 95 
256 20 14 70 5 25 1 5 95 
128 19 18 95 0 0 1 5 95 
10 16 15 94 0 0 1 6 94 

120 30 26 87 2 7 2 7 93 
36 29 23 79 4 14 2 7 93 
61 29 23 79 4 14 2 7 93 
64 29 22 76 5 17 2 7 93 

159 28 22 79 4 14 2 7 93 
166 28 24 86 2 7 2 7 93 
16 27 24 89 1 4 2 7 93 

237 27 22 81 3 11 2 7 93 
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Lab. 
 code 

Number 
of 

reported 
results 

Scored “Acceptable” 
results 

Scored “Warning” 
results 

Scored “Not 
Acceptable” results 

Normalized 
Average 

performance 
# (%) # (%) # (%) (%) 

118 26 22 85 2 8 2 8 92 
132 26 22 85 2 8 2 8 92 
153 26 21 81 3 12 2 8 92 
169 26 24 92 0 0 2 8 92 
220 26 23 88 1 4 2 8 92 
221 26 24 92 0 0 2 8 92 
238 26 24 92 0 0 2 8 92 
288 26 24 92 0 0 2 8 92 
290 26 21 81 3 12 2 8 92 
292 26 24 92 0 0 2 8 92 
293 26 24 92 0 0 2 8 92 
54 25 20 80 3 12 2 8 92 

211 25 23 92 0 0 2 8 92 
284 25 23 92 0 0 2 8 92 
47 24 22 92 0 0 2 8 92 
50 24 19 79 3 13 2 8 92 

285 25 23 92 0 0 2 8 92 
154 23 21 91 0 0 2 9 91 
242 23 20 87 1 4 2 9 91 

2 11 9 82 1 9 1 9 91 
42 22 18 82 2 9 2 9 91 

212 22 18 82 2 9 2 9 91 
163 32 25 78 4 13 3 9 91 
96 21 18 86 1 5 2 10 90 

240 21 15 71 4 19 2 10 90 
41 31 26 84 2 6 3 10 90 
56 31 26 84 2 6 3 10 90 

216 30 24 80 3 10 3 10 90 
134 29 24 83 2 7 3 10 90 
60 28 23 82 2 7 3 11 89 

111 28 21 75 4 14 3 11 89 
4 18 13 72 3 17 2 11 89 

87 27 22 81 2 7 3 11 89 
155 9 8 89 0 0 1 11 89 
188 18 13 72 3 17 2 11 89 
157 26 22 85 1 4 3 12 88 
164 26 20 77 3 12 3 12 88 
217 26 22 85 1 4 3 12 88 
227 26 23 88 0 0 3 12 88 
84 25 21 84 1 4 3 12 88 
92 25 22 88 0 0 3 12 88 

178 25 22 88 0 0 3 12 88 
255 25 20 80 2 8 3 12 88 
269 25 16 64 6 24 3 12 88 

6 24 18 75 3 13 3 13 88 
114 32 23 72 5 16 4 13 88 
268 24 15 63 6 25 3 13 88 
289 24 20 83 1 4 3 13 88 
195 23 17 74 3 13 3 13 87 
257 23 18 78 2 9 3 13 87 
35 15 12 80 1 7 2 13 87 

119 30 25 83 1 3 4 13 87 
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Lab. 
 code 

Number 
of 

reported 
results 

Scored “Acceptable” 
results 

Scored “Warning” 
results 

Scored “Not 
Acceptable” results 

Normalized 
Average 

performance 
# (%) # (%) # (%) (%) 

199 30 20 67 6 20 4 13 87 
172 22 17 77 2 9 3 14 86 

7 29 24 83 1 3 4 14 86 
76 29 21 72 4 14 4 14 86 

171 29 24 83 1 3 4 14 86 
177 29 22 76 3 10 4 14 86 
181 27 18 67 5 19 4 15 85 
260 27 21 78 2 7 4 15 85 
73 20 16 80 1 5 3 15 85 
95 33 27 82 1 3 5 15 85 
44 26 20 77 2 8 4 15 85 

193 26 19 73 3 12 4 15 85 
130 32 23 72 4 13 5 16 84 
192 25 18 72 3 12 4 16 84 
59 31 25 81 1 3 5 16 84 
98 18 10 56 5 28 3 17 83 

191 30 22 73 3 10 5 17 83 
252 29 22 76 2 7 5 17 83 
55 28 21 75 2 7 5 18 82 

276 28 12 43 11 39 5 18 82 
94 27 13 48 9 33 5 19 81 
71 32 23 72 3 9 6 19 81 
90 21 17 81 0 0 4 19 81 

215 21 17 81 0 0 4 19 81 
161 26 20 77 1 4 5 19 81 
218 26 20 77 1 4 5 19 81 
236 31 19 61 6 19 6 19 81 
194 25 19 76 1 4 5 20 80 
213 20 14 70 2 10 4 20 80 
275 25 18 72 2 8 5 20 80 
251 34 24 71 3 9 7 21 79 
127 24 19 79 0 0 5 21 79 
254 24 19 79 0 0 5 21 79 
122 33 26 79 0 0 7 21 79 
88 28 21 75 1 4 6 21 79 

106 23 16 70 2 9 5 22 78 
173 23 16 70 2 9 5 22 78 
241 22 16 73 1 5 5 23 77 
77 35 22 63 5 14 8 23 77 
19 26 18 69 2 8 6 23 77 
89 26 16 62 4 15 6 23 77 

294 26 19 73 1 4 6 23 77 
113 21 15 71 1 5 5 24 76 

1 25 14 56 5 20 6 24 76 
124 25 19 76 0 0 6 24 76 
131 25 16 64 3 12 6 24 76 
174 25 19 76 0 0 6 24 76 
185 29 22 76 0 0 7 24 76 
70 32 12 38 12 38 8 25 75 

205 12 9 75 0 0 3 25 75 
296 24 17 71 1 4 6 25 75 
51 27 18 67 2 7 7 26 74 
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Lab. 
 code 

Number 
of 

reported 
results 

Scored “Acceptable” 
results 

Scored “Warning” 
results 

Scored “Not 
Acceptable” results 

Normalized 
Average 

performance 
# (%) # (%) # (%) (%) 

224 15 10 67 1 7 4 27 73 
201 26 11 42 8 31 7 27 73 
219 26 19 73 0 0 7 27 73 
253 26 19 73 0 0 7 27 73 
299 26 13 50 6 23 7 27 73 
265 33 21 64 3 9 9 27 73 
81 29 17 59 4 14 8 28 72 

139 18 13 72 0 0 5 28 72 
37 25 17 68 1 4 7 28 72 
37 25 17 68 1 4 7 28 72 

232 25 15 60 3 12 7 28 72 
272 32 20 63 3 9 9 28 72 
29 21 12 57 3 14 6 29 71 

115 21 14 67 1 5 6 29 71 
12 31 19 61 3 10 9 29 71 

183 24 15 63 2 8 7 29 71 
32 30 20 67 1 3 9 30 70 
97 20 14 70 0 0 6 30 70 
27 23 13 57 3 13 7 30 70 

165 26 16 62 2 8 8 31 69 
207 29 16 55 4 14 9 31 69 
125 35 22 63 2 6 11 31 69 
270 22 14 64 1 5 7 32 68 
86 31 16 52 5 16 10 32 68 
91 31 20 65 1 3 10 32 68 
80 27 14 52 4 15 9 33 67 

160 27 13 48 5 19 9 33 67 
208 21 5 24 9 43 7 33 67 
245 24 13 54 3 13 8 33 67 
261 32 20 63 1 3 11 34 66 
267 32 17 53 4 13 11 34 66 
30 29 18 62 1 3 10 34 66 

110 29 19 66 0 0 10 34 66 
46 26 16 62 1 4 9 35 65 

179 26 17 65 0 0 9 35 65 
244 26 17 65 0 0 9 35 65 
168 23 13 57 2 9 8 35 65 
278 23 9 39 6 26 8 35 65 
176 17 10 59 1 6 6 35 65 
297 28 17 61 1 4 10 36 64 
34 25 11 44 5 20 9 36 64 

210 30 17 57 2 7 11 37 63 
72 27 14 52 3 11 10 37 63 

136 24 14 58 1 4 9 38 63 
138 26 13 50 3 12 10 38 62 
140 23 14 61 0 0 9 39 61 
31 28 12 43 5 18 11 39 61 

259 28 14 50 3 11 11 39 61 
93 30 12 40 6 20 12 40 60 

103 5 3 60 0 0 2 40 60 
107 15 2 13 7 47 6 40 60 
271 20 9 45 3 15 8 40 60 
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Lab. 
 code 

Number 
of 

reported 
results 

Scored “Acceptable” 
results 

Scored “Warning” 
results 

Scored “Not 
Acceptable” results 

Normalized 
Average 

performance 
# (%) # (%) # (%) (%) 

279 25 14 56 1 4 10 40 60 
182 17 7 41 3 18 7 41 59 
239 24 14 58 0 0 10 42 58 
105 14 7 50 1 7 6 43 57 
156 7 4 57 0 0 3 43 57 
52 32 16 50 2 6 14 44 56 

184 16 8 50 1 6 7 44 56 
226 16 8 50 1 6 7 44 56 
79 25 11 44 3 12 11 44 56 

190 26 5 19 9 35 12 46 54 
9 15 8 53 0 0 7 47 53 

75 15 8 53 0 0 7 47 53 
234 19 9 47 1 5 9 47 53 
143 23 8 35 4 17 11 48 52 

8 4 2 50 0 0 2 50 50 
264 34 14 41 3 9 17 50 50 
277 16 8 50 0 0 8 50 50 
141 27 9 33 4 15 14 52 48 
209 25 11 44 1 4 13 52 48 
144 21 5 24 5 24 11 52 48 
38 19 8 42 1 5 10 53 47 
85 15 7 47 0 0 8 53 47 

187 15 5 33 2 13 8 53 47 
246 30 11 37 3 10 16 53 47 
109 26 9 35 3 12 14 54 46 
100 22 4 18 6 27 12 55 45 
126 22 8 36 2 9 12 55 45 
250 18 7 39 1 6 10 56 44 
202 23 9 39 1 4 13 57 43 

5 30 13 43 0 0 17 57 43 
82 30 9 30 4 13 17 57 43 

263 28 9 32 3 11 16 57 43 
123 26 10 38 1 4 15 58 42 
83 25 10 40 0 0 15 60 40 

145 15 6 40 0 0 9 60 40 
249 18 7 39 0 0 11 61 39 
235 24 7 29 2 8 15 63 38 
146 20 6 30 1 5 13 65 35 
25 23 7 30 1 4 15 65 35 
13 27 9 33 0 0 18 67 33 
14 25 8 32 0 0 17 68 32 

167 16 3 19 2 13 11 69 31 
283 18 5 28 0 0 13 72 28 
43 22 6 27 0 0 16 73 27 

203 4 1 25 0 0 3 75 25 
74 25 4 16 2 8 19 76 24 

230 14 2 14 1 7 11 79 21 
152 33 7 21 0 0 26 79 21 
121 19 2 11 2 11 15 79 21 
78 29 5 17 1 3 23 79 21 
15 20 2 10 2 10 16 80 20 

206 16 2 13 1 6 13 81 19 
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Lab. 
 code 

Number 
of 

reported 
results 

Scored “Acceptable” 
results 

Scored “Warning” 
results 

Scored “Not 
Acceptable” results 

Normalized 
Average 

performance 
# (%) # (%) # (%) (%) 

204 11 0 0 2 18 9 82 18 
197 25 2 8 2 8 21 84 16 
142 20 1 5 2 10 17 85 15 
223 23 1 4 2 9 20 87 13 
151 31 4 13 0 0 27 87 13 
273 24 1 4 2 8 21 88 13 
286 11 0 0 1 9 10 91 9 
150 32 1 3 1 3 30 94 6 
137 14 0 0 0 0 14 100 0 
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Figure 10. Performance evaluation results sorted by the number of acceptable results obtained 
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4.2. General recommendations to the participating laboratories and lessons learned 

Based on the evaluation of the results certain recommendations to enhance the analytical 
performance of the participating laboratories could be suggested. It is evident that the skills 
and experience of the analyst performing the analysis at the time of the PT samples analysis is 
the crucial factor in obtaining acceptable results. Proper equipment, well trained staff and 
appropriate chemicals and materials are of course important factors in obtaining reliable and 
good quality results.  

Laboratories with codes: 5, 13, 14, 15, 25, 43, 74, 78, 82, 83, 121, 123, 142, 150, 151, 152, 
197, 223, 235, 246, 263, 264, 273 have to perform experiments related to method validation 
and robustness studies of the analytical procedure applied. It is well known that robustness 
studies could assist the analyst to know the strong and weak points of the method, where more 
time should be invested to find what the critical points in the procedure are. When a 
laboratory reports more than 15 not acceptable analytical results it means that it has not the 
appropriate tools to verify the quality of the produced results. In this case, the laboratory 
should apply a dedicated quality control mechanism to assess the validity/quality of the 
results produced. This could include the use of reference materials to verify the trueness of the 
measurement results, or analysis of spiked materials to check any matrix effect. Duplicate and 
replicate analysis of in-house reference materials is useful to evaluate the method precision. In 
adition, frequent control of the blanks and/or background is essential to control any 
contamination in the analytical system. If the analyst does not perform regular quality control 
checks as indicated above, erroneous results could be reported without being detected.  

The analytical system is a complex one, it even interacts extensively with human factors and 
with the specific conditions of the laboratory. Therefore, there is always a probability of 
analytical problems which could lead to shortcomings. However, the laboratory should focus, 
after detection of the shortcoming, on finding out the root cause of the analytical problem and 
to put the needed actions to remediate the problem and obtain satisfactory results. The quality 
system has to be designed to enhance continuous improvement of the quality of the produced 
results. 

4.3. Recommendations regarding gamma emitting radionuclides in water  
Three water samples (sample 2, 3 and 4) spiked with Co-57, Co-60, Cs-134, Cs-137 and Eu-
152 were analyzed by the participating laboratories. Samples 2 and 4 were identical and 
prepared in one batch. The aim of analyzing duplicate samples in this PT was to assess the 
within-run variability of the analytical system i.e. the analytical system’s repeatability. Figure 
11 shows the difference in reported results for Co-57 in the duplicate samples 02 and 04. It 
was noticed that 25% of reported results showed a level of variability higher than 10% for two 
measurement results of the same activity concentration in the same matrix in the same 
laboratory. This variability could be attributed to the summing effect observed in Co-57 
spectra. 

It was observed that the isotopic combination of water samples caused certain analytical 
difficulties for the laboratories which is related to the cascade decayed isotopes and the 
overlapping of the main peaks of Co-57 and Eu-152. Co-57 was the most difficult due to the 
strong overlapping of Cs-134 with its true coincidence summing effect. 

Therefore, the observed difference between duplicate samples of Co-60, Cs-134, Cs-137 and 
Eu-152 was substantially smaller than the observed one for Co-57 as it can be seen in 
Figures 12, 13, 14 and 15. 
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In general, it can be noticed that after three runs of the world wide PT the overall performance 
of the gamma spectrometry community in determination of Co-60, Cs-134 and Cs-137 has 
been improved not only in terms of better trueness and commutability (comparability), but 
also in terms of smaller and more realistically estimated measurement results uncertainties. 
Figures 16 and 17 demonstrate the observed improvement.  

 

 

 

Figures 11, 12 and 13. Difference between reported results for Co-57, Co-60 and Cs-134 in the 
duplicate samples 02 and 04. 
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Figures 14 and 15. Difference between reported results for Cs-137 and Eu-152 in the duplicate 
samples 02 and 04. 
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Figures 16 and 17. S-shape of the analytical results of Co-60 in water samples reported in the world 
wide PT 2006 and world wide PT 2009, the improvement of reported measurement results and 
associated uncertainties can be observed.      
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4.4. Recommendations related to the analysis of Pb-210 in moss-soil sample 

The majority of participating laboratories measured Pb-210 in moss-soil at 46.52 keV using 
gamma spectrometry with high resolution detector of different types and calibration methods. 
It can be noticed that the level of analytical performance using gamma spectroscopy has been 
improved comparing to the results of the PT conducted in 2006. The percentage of acceptable 
results in 2009 PT is 20% higher than in 2006 PT.  

It was observed that the main reasons for unacceptable performance in Pb-210 measurements 
are the following: 

• Extrapolation of the efficiency calibration curve to estimate the efficiency at 46.52 
keV which could lead to a substantial error as the efficiency curve at this region has a 
significant slope as shown in figure 18, 

• Inappropriate estimation of the absorption factor, 

• Absence of a rigid quality control and validation of the produced analytical results 
such as using duplicate analysis of samples and/or analysis of spiked samples, 

• Inappropriate estimation of the spectral background as the background could vary in 
time and it has to be verified frequently taking into account different parameters such 
as season and ventilation system working time. Many laboratories consider the 
background a constant parameter and do not verify its stability. Figure 19 shows the 
variation of the background value. 

 

Figure 18. A typical efficiency calibration curve used in gamma spectrometry where Am-241 is 
the lower energy used for calibration, extrapolation of Pb-210 could lead to a significant error. 
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Figure 19. Background variations. 

Some laboratories stated that they used gamma detectors with energy range from 200 keV 
which might be not suitable for Pb-210 measurement; also some laboratories extrapolated the 
efficiency calibration to cover the Pb-210 energy which resulted in not acceptable results. The 
most frequent reasons for failure in Pb-210 are discussed in more details in [5, 6].  

 

4.5. Recommendations related to the analysis of Ra-226 in moss-soil sample 

The majority of participating laboratories measured Ra-226 in moss-soil using gamma 
spectrometry with high resolution detector of different type.  

In general, there are two approaches used for Ra-226 determination by gamma spectrometry. 
These are the use of the 186 keV line from Ra-226, and use of gamma lines from the short-
lived progeny Pb-214 and Bi-214. In the former case, the contribution of U-235 to the peak 
area needs to be allowed for, and if an inappropriate correction is applied, this may lead to 
shortcomings in performance.  

As shown in Figure 20, most of the unacceptable results were due to overestimation of the 
Ra-226 which could be due to the unresolved U-235 peak or due to an incorrect calibration. 

The shortcomings observed in the performance of the participating laboratories in gamma 
measurements of Ra-226 could be attributed to several factors. These factors are related to the 
gamma spectrometry procedure utilised by each laboratory. Some of these factors are the use 
of inappropriate calibration standards or procedure, sample geometry, interference from other 
gamma lines, and properties of the sample container used. 
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Figure 20. S-shape presentation of the Ra-226 results, the majority of unacceptable results was due to 
overestimation of the Ra-226 massic activity.   

In the latter case, the sample container used has to be Rn-222 tight. Many laboratories 
reported the use of plastic containers for gamma spectrometry measurements. The analysts in 
this case assumed the tightness of such containers. However, in practice most plastic 
containers are not Rn-222 tight and they allow the emanation of the noble gas (in some cases 
even through the walls of the container). Special containers should be used and validated for 
Ra-222 tightness and not only air tightness. Note that a problem with Rn-222 tightness of the 
container could lead to a bias in either direction, depending on the relative loss of Rn-222 
from the calibration and test containers. In addition, one issue should be considered which is 
the time required to establish secular equilibrium between Ra-226 and its daughters; most 
laboratories using this approach use a delay period of at least 3 weeks.  

Many laboratories applied radiochemical separation and alpha spectrometry measurement. 
Technical details of successful application of digestion procedure, radiochemical separation 
and auto-plating were reported by the participating laboratories. 

4.6. Lessons learned related to Tl-208 determinations 
Tl-208 was a problematic radionuclide as it can be seen in Figure 21. Two distinct 
populations of reported results could be observed. The majority of the laboratories reported a 
measurement result around 13 Bq/kg, the second group of laboratories reported a result 
around 37 Bq/kg.  

This discrepancy occurred due to the fact that in the Th-232 series, Bi-212 is one of the 
problematic radionuclides as it decays to Tl-208 and Po-212 with emission intensity of 
35.93% and 64.03% respectively as illustrated in Table 6 [LARA Database, 2008 CEA-R-
6201, ISSN 0429-3460] and Figure 22 [7, page 227].  
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TABLE 6. DECAY BRANCHING RATIOS OF Bi-212   
Isotope Decay mode Branching ratio, % Progeny, T(1/2) 

Bi-212 

T(1/2)=60.54 min 

Alpha 35.93 Tl-208,       3.06 min 

Beta 64.07 Po-212,       300 ns 

 

Tl-208 is a well detectable gamma-emitter and several old databases and gamma-libraries 
(very often provided by the manufacturers of the spectrum evaluation software) are containing 
the Tl-208 gamma lines with a corrected abundance by the branching ratio. Using this type of 
library, the software calculates the activity back to the mother element to facilitate the 
comparison with other gamma-emitters of this series. However, the physical activity of Tl-
208 is less in proportion with the branching ratio which is equal to 0.3593. In case of the 
moss-soil, the analyst task was to determine the massic activity of Tl-208.  

Considering the reported results, most of the participating laboratories were using the correct 
gamma-abundance values for this isotope.  

  

Figure 21. S-shape presentation of the Tl-208 results, two splited results population due to wrong 
calculation. 

However, up to 40% of the laboratories reported unacceptable overestimated results due the 
use of wrong gamma-abundance values for Tl-208, which means that the applied gamma 
library should be revised accordingly.  

Generally speaking, nuclear data library in a gamma-spectrometry laboratory should be a 
controlled document within the frame of the laboratory quality system and the master file of 
the library should be stored in a safe manner to preserve its integrity and it should be updated 
according to a written procedure. Gamma spectroscopists might modify the library content to 
meet specific needs, but these modifications and their technical justification should be 
documented and known to the system. Nuclear data library should be protected from 
unauthorised use or technically unjustified modification. 
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Figure 22. Part of the Thorium radioactive series LARA data Table page 227. 

 

4.7. Lessons learned related to radiochemical determinations   

In this PT, it was observed that the number of participating laboratories that reported their 
results using radiochemical procedures was three times less than those who used gamma 
spectrometry (GS). It is obvious that the laboratory infrastructure and analytical skills in 
radiochemical procedures (RCP) are more demanding.  

In general, it was found that the level of performance of laboratories performing RCP was 
lower than those performing GS.  

For instance, Am-241 in the moss-soil was analyzed by the participating laboratories using 
both GS and RCP; the percentage of not acceptable results was 19% and 38% for GS and 
RCP respectively. 

In the case of Sr-90, 48% of the reported results failed to meet the PT criteria, 25% of the 
laboratories reported overestimated results with more than 100% bias as it can be seen in 
Figure 23. The overestimation of Sr-90 results could be attributed to difficulties in the 
radiochemical. During the radiochemical separation, if the Sr-Ra was not perfectly separated 
and Ra remains in the Sr fraction, this could cause an overestimation in Sr-90 activity result. 
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In such a case, the analyst has to revise the analytical procedure to assure a complete 
separation of Ra. 

Equally successful determinations using GS and RCP were reported only for Pb-210. The 
applied RCP was based on the separation of Pb-210 after the addition of a stable carrier 
according to the method of chromate precipitation followed by lead chloride precipitation, 
then mixing the source with scintillation cocktail and performing the measurement using a 
Liquid Scintillation Spectrometer. 

Figure 23. S-shape presentation of the Sr-90 results, the majority of unacceptable results is due to 
overestimation of the Sr-90 massic activity. 

For Pu-238, 52% of reported results were not acceptable. Many laboratories failed in proper 
implementation of the procedure which resulted in not acceptable results, the exact technical 
reason for the shortcoming should be investigated. Little information was reported in the 
questionnaire on the chemical recovery correction. The main reason for unacceptable results 
could be attributed but not limited to a non validated radiochemical procedure, inappropriate 
control of the method blank, matrix reference or spiked materials were not used to verify the 
correctness of the application of the RCP and/or inappropriate quality control mechanism.  
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5. CONCLUSIONS 
The IAEA-CU-2009-03 world wide PT on environmental radioactivity measurements of 
natural and artificial radionuclides in moss-soil and water was completed successfully. Most 
of the participating laboratories were able to quantify certain number of radionuclides of 
interest in moss-soil and water. It was found that 26% of all reported results did not pass the 
proficiency test acceptance criteria. 

The performance evaluation of artificial and natural gamma emitting radionuclides using 
gamma spectroscopy in this PT showed a substantial improvement in performance compared 
to previous proficiency tests organised in 2006 and 2007. The quality of the results produced 
for Pb-210 and Am-241 was also improved. The improvement was observed not only 
regarding the trueness of the reported results but also the estimation of measurement results 
uncertainty. 

This PT shows the need for further improvement of the radiochemical analytical procedures 
for determination of natural and transuranic radionuclides at low level of radioactivity and the 
need for capacity building of such analytical procedures in some Member States laboratories.  

The analytical performance of environmental radioactivity measurements using radiochemical 
procedures did not meet the acceptance criteria of this PT. A second PT on the same 
radionuclides is recommended to assess improvements in the analytical performance based on 
the lessons learned in this PT. 

This PT provided the opportunity to improve the world-wide measurement results 
commutability (comparability) and reliability of the environmental radioactivity 
determinations of natural and artificial radionuclides in environmental matrices. 
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APPENDIX I  
PERFORMANCE EVALUATION TABLES SORTED BY ANALYTE 

 

All results listed in this Appendix are expressed in Bq/kg units at a reference date set to 
15 November 2009. 

The abbreviations used in the table header are explained below: 

Rep. Value: Reported measurement result value for the analyte of interest in Bq kg-1. 

Rep. Unc.  Reported standard measurement result uncertainty in Bq kg-1. 

Unc. [%]  Reported standard measurement result uncertainty in percentage. 

Rel. Bias  Relative bias calculated according to formula (1) in paragraph 3.1. 

A1 and A2  Evaluation estimators for trueness please see 3.4 in the report body. 

True   Evaluation score for Trueness please see 3.4 in the report body. 

P   Evaluation estimator for precision please sees 3.4 in the report body. 

Prec.   Evaluation score for Precision, please see 3.4 in the report body. 

A   Acceptable: The reported measurement result fulfils the PT criteria. 

W Acceptable with Warning: Although the relative bias of the reported 
measurement result meets the PT criteria, but a flag was raised due to either 
underestimated or overestimated measurement result uncertainty. 

N Not Acceptable: The reported measurement result did not fulfil the PT 
criteria. 

 

The evaluation results are presented in ascending order of the laboratory code. 
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Performance evaluation of Cs-137 measurement results 

IAEA-447 Moss-soil reference material  

Target Value: 425 ± 10 [Bq/kg] 

 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 375.7 21.4 5.70 -11.61 49.4 60.9 A 6.2 A A 
2 458.8 2.4 0.53 7.95 33.8 26.6 N 2.4 A W 
3 420.0 40.0 9.52 -1.18 5.0 106.4 A 9.8 A A 
4 381.0 6.0 1.57 -10.35 44.0 30.1 N 2.8 A W 
5 443.0 24.0 5.42 4.24 18.0 67.1 A 5.9 A A 
6 423.9 18.4 4.34 -0.26 1.1 54.0 A 4.9 A A 
7 419.8 9.3 2.22 -1.22 5.2 35.3 A 3.2 A A 
10 420.4 8.5 2.02 -1.09 4.6 33.9 A 3.1 A A 
11 438.6 45.7 10.42 3.20 13.6 120.7 A 10.7 A A 
12 431.0 35.0 8.12 1.41 6.0 93.9 A 8.5 A A 
13 394.4 7.1 1.79 -7.21 30.7 31.6 A 3.0 A A 

A
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Laboratory code

Cs-137 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
14 439.0 9.9 2.24 3.29 14.0 36.2 A 3.3 A A 
15 321.7 4.6 1.42 -24.30 103.3 28.4 N 2.7 A N 
16 425.0 7.0 1.65 0.00 0.0 31.5 A 2.9 A A 
17 419.0 16.0 3.82 -1.41 6.0 48.7 A 4.5 A A 
18 434.0 6.0 1.38 2.12 9.0 30.1 A 2.7 A A 
19 456.0 6.0 1.32 7.29 31.0 30.1 N 2.7 A W 
20 432.0 6.0 1.39 1.65 7.0 30.1 A 2.7 A A 
21 447.0 46.0 10.29 5.18 22.0 121.5 A 10.6 A A 
22 435.1 5.5 1.26 2.38 10.1 29.4 A 2.7 A A 
23 451.0 6.0 1.33 6.12 26.0 30.1 A 2.7 A A 
24 438.5 5.5 1.25 3.18 13.5 29.4 A 2.7 A A 
25 407.6 24.5 6.00 -4.10 17.4 68.2 A 6.4 A A 
26 393.8 13.3 3.38 -7.33 31.2 42.9 A 4.1 A A 
27 572.5 114.0 19.92 34.70 147.5 295.4 A 20.1 N N 
29 428.0 6.0 1.40 0.71 3.0 30.1 A 2.7 A A 
30 422.1 14.3 3.39 -0.68 2.9 45.0 A 4.1 A A 
31 451.0 24.0 5.32 6.12 26.0 67.1 A 5.8 A A 
32 409.0 18.4 4.50 -3.76 16.0 54.0 A 5.1 A A 
33 416.2 21.9 5.26 -2.07 8.8 62.1 A 5.8 A A 
34 420.0 23.0 5.48 -1.18 5.0 64.7 A 6.0 A A 
35 411.0 12.2 2.97 -3.29 14.0 40.7 A 3.8 A A 
36 450.0 7.0 1.56 5.88 25.0 31.5 A 2.8 A A 
37 443.5 31.1 7.01 4.35 18.5 84.3 A 7.4 A A 
38 516.0 0.0 0.00 21.41 91.0 25.8 N 2.4 A N 
39 399.0 29.0 7.27 -6.12 26.0 79.1 A 7.6 A A 
40 440.0 23.0 5.23 3.53 15.0 64.7 A 5.7 A A 
41 423.0 5.0 1.18 -0.47 2.0 28.8 A 2.6 A A 
42 466.0 20.0 4.29 9.65 41.0 57.7 A 4.9 A A 
43 437.0 15.0 3.43 2.82 12.0 46.5 A 4.2 A A 
44 450.2 16.4 3.64 5.93 25.2 49.6 A 4.3 A A 
45 410.0 13.0 3.17 -3.53 15.0 42.3 A 3.9 A A 
46 416.0 21.0 5.05 -2.12 9.0 60.0 A 5.6 A A 
47 444.0 6.8 1.53 4.47 19.0 31.2 A 2.8 A A 
50 415.6 20.8 5.00 -2.21 9.4 59.5 A 5.5 A A 
51 505.5 16.5 3.26 18.94 80.5 49.8 N 4.0 A W 
52 410.0 20.0 4.88 -3.53 15.0 57.7 A 5.4 A A 
53 451.0 14.0 3.10 6.12 26.0 44.4 A 3.9 A A 
54 419.0 38.0 9.07 -1.41 6.0 101.4 A 9.4 A A 
55 438.0 28.0 6.39 3.06 13.0 76.7 A 6.8 A A 
56 443.0 15.0 3.39 4.24 18.0 46.5 A 4.1 A A 
57 401.0 24.9 6.21 -5.65 24.0 69.2 A 6.6 A A 
58 437.0 18.0 4.12 2.82 12.0 53.1 A 4.7 A A 
59 458.0 15.0 3.28 7.76 33.0 46.5 A 4.0 A A 
60 392.0 8.0 2.04 -7.76 33.0 33.0 A 3.1 A A 
61 408.7 12.2 2.99 -3.84 16.3 40.7 A 3.8 A A 
62 438.0 17.5 4.00 3.06 13.0 52.0 A 4.6 A A 
63 436.8 11.6 2.66 2.78 11.8 39.5 A 3.5 A A 
64 420.7 1.1 0.26 -1.01 4.3 26.0 A 2.4 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
65 441.0 9.3 2.11 3.76 16.0 35.2 A 3.2 A A 
68 456.0 10.0 2.19 7.29 31.0 36.5 A 3.2 A A 
70 470.0 50.0 10.64 10.59 45.0 131.6 A 10.9 A A 
71 421.2 5.6 1.33 -0.89 3.8 29.6 A 2.7 A A 
72 411.7 2.3 0.57 -3.14 13.4 26.5 A 2.4 A A 
73 490.0 30.0 6.12 15.29 65.0 81.6 A 6.6 A A 
74 431.0 6.0 1.39 1.41 6.0 30.1 A 2.7 A A 
76 416.2 8.6 2.07 -2.07 8.8 34.0 A 3.1 A A 
77 381.6 7.5 1.97 -10.21 43.4 32.3 N 3.1 A W 
78 550.0 9.2 1.68 29.41 125.0 35.1 N 2.9 A N 
79 496.0 9.0 1.81 16.71 71.0 34.7 N 3.0 A W 
80 464.8 7.3 1.57 9.36 39.8 31.9 N 2.8 A W 
81 394.8 10.9 2.76 -7.11 30.2 38.2 A 3.6 A A 
82 807.9 2.5 0.31 90.09 382.9 26.6 N 2.4 A N 
83 335.7 8.4 2.51 -21.01 89.3 33.8 N 3.4 A N 
84 437.0 26.0 5.95 2.82 12.0 71.9 A 6.4 A A 
85 418.2 9.0 2.15 -1.60 6.8 34.7 A 3.2 A A 
86 400.0 23.0 5.75 -5.88 25.0 64.7 A 6.2 A A 
87 435.0 5.0 1.15 2.35 10.0 28.8 A 2.6 A A 
88 410.0 5.0 1.22 -3.53 15.0 28.8 A 2.7 A A 
89 433.5 6.5 1.51 2.01 8.5 30.8 A 2.8 A A 
90 444.0 14.5 3.27 4.47 19.0 45.4 A 4.0 A A 
91 420.0 30.0 7.14 -1.18 5.0 81.6 A 7.5 A A 
92 424.0 19.0 4.48 -0.24 1.0 55.4 A 5.1 A A 
93 455.1 9.3 2.04 7.08 30.1 35.2 A 3.1 A A 
94 467.0 52.0 11.13 9.88 42.0 136.6 A 11.4 A A 
95 384.0 46.0 11.98 -9.65 41.0 121.5 A 12.2 A A 
96 465.0 35.0 7.53 9.41 40.0 93.9 A 7.9 A A 
97 750.0 25.0 3.33 76.47 325.0 69.5 N 4.1 A N 
99 433.0 6.0 1.39 1.88 8.0 30.1 A 2.7 A A 
100 450.0 50.0 11.11 5.88 25.0 131.6 A 11.4 A A 
101 510.0 50.0 9.80 20.00 85.0 131.6 A 10.1 A A 
106 466.1 20.6 4.42 9.67 41.1 59.1 A 5.0 A A 
109 1110.0 59.0 5.32 161.18 685.0 154.4 N 5.8 A N 
110 388.0 29.2 7.53 -8.71 37.0 79.6 A 7.9 A A 
111 410.0 23.0 5.61 -3.53 15.0 64.7 A 6.1 A A 
112 435.0 12.0 2.76 2.35 10.0 40.3 A 3.6 A A 
113 401.6 7.7 1.91 -5.50 23.4 32.5 A 3.0 A A 
114 450.0 30.0 6.67 5.88 25.0 81.6 A 7.1 A A 
115 439.3 13.7 3.12 3.36 14.3 43.8 A 3.9 A A 
118 403.0 6.0 1.49 -5.18 22.0 30.1 A 2.8 A A 
119 441.0 28.0 6.35 3.76 16.0 76.7 A 6.8 A A 
120 435.0 12.0 2.76 2.35 10.0 40.3 A 3.6 A A 
121 731.0 5.5 0.76 72.00 306.0 29.5 N 2.5 A N 
122 412.5 15.0 3.64 -2.94 12.5 46.5 A 4.3 A A 
123 392.0 12.0 3.06 -7.76 33.0 40.3 A 3.9 A A 
124 413.7 15.8 3.82 -2.66 11.3 48.2 A 4.5 A A 
125 454.0 14.0 3.08 6.82 29.0 44.4 A 3.9 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
126 434.0 22.0 5.07 2.12 9.0 62.3 A 5.6 A A 
127 459.7 12.9 2.81 8.16 34.7 42.1 A 3.7 A A 
128 414.0 29.0 7.00 -2.59 11.0 79.1 A 7.4 A A 
130 436.0 15.0 3.44 2.59 11.0 46.5 A 4.2 A A 
131 434.6 13.0 3.00 2.27 9.6 42.4 A 3.8 A A 
132 417.1 10.8 2.58 -1.86 7.9 37.9 A 3.5 A A 
133 432.0 18.0 4.17 1.65 7.0 53.1 A 4.8 A A 
134 423.0 6.7 1.58 -0.47 2.0 31.1 A 2.8 A A 
136 458.8 10.4 2.27 7.95 33.8 37.2 A 3.3 A A 
137 287.5 3.8 1.31 -32.34 137.5 27.6 N 2.7 A N 
138 387.0 20.0 5.17 -8.94 38.0 57.7 A 5.7 A A 
139 410.0 12.6 3.07 -3.53 15.0 41.5 A 3.9 A A 
140 458.6 20.3 4.42 7.91 33.6 58.3 A 5.0 A A 
141 436.7 4.3 0.98 2.75 11.7 28.1 A 2.5 A A 
142 397.4 0.0 0.01 -6.50 27.6 25.8 N 2.4 A W 
143 465.3 3.5 0.75 9.48 40.3 27.3 N 2.5 A W 
144 423.3 4.8 1.14 -0.40 1.7 28.7 A 2.6 A A 
145 445.8 1.6 0.36 4.88 20.8 26.1 A 2.4 A A 
146 442.4 14.0 3.16 4.09 17.4 44.4 A 3.9 A A 
150 598.6 3.4 0.57 40.85 173.6 27.3 N 2.4 A N 
151 599.0 20.0 3.34 40.94 174.0 57.7 N 4.1 A N 
152 600.0 20.0 3.33 41.18 175.0 57.7 N 4.1 A N 
153 450.3 37.7 8.36 5.96 25.3 100.5 A 8.7 A A 
154 449.0 27.0 6.01 5.65 24.0 74.3 A 6.5 A A 
155 415.0 20.0 4.82 -2.35 10.0 57.7 A 5.4 A A 
157 429.0 22.0 5.13 0.94 4.0 62.3 A 5.6 A A 
159 408.0 7.0 1.72 -4.00 17.0 31.5 A 2.9 A A 
160 419.8 2.2 0.53 -1.23 5.2 26.4 A 2.4 A A 
161 410.7 26.8 6.53 -3.36 14.3 73.8 A 6.9 A A 
162 395.7 31.2 7.89 -6.89 29.3 84.6 A 8.2 A A 
163 428.0 25.0 5.84 0.71 3.0 69.5 A 6.3 A A 
164 447.9 19.8 4.42 5.38 22.9 57.2 A 5.0 A A 
165 325.0 16.0 4.92 -23.53 100.0 48.7 N 5.5 A N 
166 442.9 23.1 5.22 4.21 17.9 64.9 A 5.7 A A 
168 397.1 3.6 0.91 -6.56 27.9 27.4 N 2.5 A W 
169 439.0 18.0 4.10 3.29 14.0 53.1 A 4.7 A A 
170 430.0 20.0 4.65 1.18 5.0 57.7 A 5.2 A A 
171 469.0 25.0 5.33 10.35 44.0 69.5 A 5.8 A A 
172 436.0 6.0 1.38 2.59 11.0 30.1 A 2.7 A A 
173 428.5 9.9 2.30 0.82 3.5 36.3 A 3.3 A A 
174 420.4 12.2 2.90 -1.08 4.6 40.7 A 3.7 A A 
175 425.0 21.0 4.94 0.00 0.0 60.0 A 5.5 A A 
176 272.6 3.0 1.10 -35.86 152.4 26.9 N 2.6 A N 
177 359.0 3.0 0.84 -15.53 66.0 26.9 N 2.5 A W 
178 398.0 11.1 2.79 -6.35 27.0 38.5 A 3.6 A A 
179 420.0 16.0 3.81 -1.18 5.0 48.7 A 4.5 A A 
181 392.3 3.6 0.90 -7.69 32.7 27.4 N 2.5 A W 
182 506.0 4.0 0.79 19.06 81.0 27.8 N 2.5 A W 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
183 468.0 12.0 2.56 10.12 43.0 40.3 N 3.5 A W 
185 431.0 12.0 2.78 1.41 6.0 40.3 A 3.6 A A 
188 405.0 33.0 8.15 -4.71 20.0 89.0 A 8.5 A A 
190 321.7 37.5 11.66 -24.30 103.3 100.1 N 11.9 A N 
191 411.2 20.1 4.89 -3.25 13.8 58.0 A 5.4 A A 
192 416.0 11.0 2.64 -2.12 9.0 38.4 A 3.5 A A 
193 443.0 14.0 3.16 4.24 18.0 44.4 A 3.9 A A 
194 424.0 20.0 4.72 -0.24 1.0 57.7 A 5.3 A A 
195 415.0 12.0 2.89 -2.35 10.0 40.3 A 3.7 A A 
197 1591.0 46.7 2.94 274.35 1166.0 123.2 N 3.8 A N 
199 405.0 15.0 3.70 -4.71 20.0 46.5 A 4.4 A A 
200 415.0 12.0 2.89 -2.35 10.0 40.3 A 3.7 A A 
201 365.2 2.2 0.60 -14.06 59.8 26.4 N 2.4 A W 
202 442.2 21.7 4.90 4.05 17.2 61.6 A 5.4 A A 
204 566.0 133.0 23.50 33.18 141.0 344.1 A 23.6 N N 
205 409.4 13.3 3.26 -3.68 15.6 43.0 A 4.0 A A 
206 476.2 2.5 0.53 12.04 51.2 26.6 N 2.4 A W 
207 476.0 15.0 3.15 12.00 51.0 46.5 N 3.9 A W 
208 379.0 42.0 11.08 -10.82 46.0 111.4 A 11.3 A A 
209 389.4 1.9 0.50 -8.37 35.6 26.3 N 2.4 A W 
210 390.0 22.0 5.64 -8.24 35.0 62.3 A 6.1 A A 
211 425.0 13.0 3.06 0.00 0.0 42.3 A 3.9 A A 
212 440.0 11.3 2.57 3.53 15.0 38.9 A 3.5 A A 
213 379.8 6.6 1.73 -10.63 45.2 30.9 N 2.9 A W 
214 434.9 7.4 1.70 2.33 9.9 32.1 A 2.9 A A 
215 413.1 10.9 2.64 -2.80 11.9 38.1 A 3.5 A A 
216 447.0 7.1 1.59 5.18 22.0 31.6 A 2.8 A A 
217 451.2 25.3 5.62 6.17 26.2 70.3 A 6.1 A A 
218 416.5 3.5 0.85 -1.99 8.5 27.4 A 2.5 A A 
219 437.0 20.0 4.58 2.82 12.0 57.7 A 5.1 A A 
220 418.6 36.4 8.70 -1.50 6.4 97.4 A 9.0 A A 
221 438.3 35.4 8.08 3.13 13.3 94.9 A 8.4 A A 
223 307.3 29.5 9.60 -27.70 117.7 80.4 N 9.9 A N 
226 416.0 13.0 3.13 -2.12 9.0 42.3 A 3.9 A A 
227 425.6 16.9 3.96 0.13 0.6 50.6 A 4.6 A A 
230 474.7 27.4 5.77 11.69 49.7 75.2 A 6.2 A A 
232 420.0 12.0 2.86 -1.18 5.0 40.3 A 3.7 A A 
233 423.0 36.0 8.51 -0.47 2.0 96.4 A 8.8 A A 
234 394.0 20.0 5.08 -7.29 31.0 57.7 A 5.6 A A 
235 349.6 2.9 0.82 -17.74 75.4 26.8 N 2.5 A W 
236 408.0 12.0 2.94 -4.00 17.0 40.3 A 3.8 A A 
237 416.1 10.4 2.50 -2.09 8.9 37.2 A 3.4 A A 
238 407.0 8.0 1.97 -4.24 18.0 33.0 A 3.1 A A 
239 436.0 12.0 2.75 2.59 11.0 40.3 A 3.6 A A 
240 406.0  0.00 -4.47 19.0 25.8 A 2.4 A A 
241 427.0 30.0 7.03 0.47 2.0 81.6 A 7.4 A A 
242 423.3 16.1 3.80 -0.40 1.7 48.9 A 4.5 A A 
244 422.0 16.0 3.79 -0.71 3.0 48.7 A 4.5 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
245 370.0 5.0 1.35 -12.94 55.0 28.8 N 2.7 A W 
246 313.0 1.5 0.47 -26.35 112.0 26.1 N 2.4 A N 
249 663.0 17.2 2.60 56.00 238.0 51.4 N 3.5 A N 
250 652.0 17.1 2.62 53.41 227.0 51.1 N 3.5 A N 
251 451.0 27.0 5.99 6.12 26.0 74.3 A 6.4 A A 
252 420.2 11.8 2.81 -1.13 4.8 39.9 A 3.7 A A 
253 406.0 13.0 3.20 -4.47 19.0 42.3 A 4.0 A A 
254 424.0 9.0 2.12 -0.24 1.0 34.7 A 3.2 A A 
255 411.0 6.0 1.46 -3.29 14.0 30.1 A 2.8 A A 
256 417.0 33.0 7.91 -1.88 8.0 89.0 A 8.3 A A 
257 430.0 15.0 3.49 1.18 5.0 46.5 A 4.2 A A 
258 425.1 22.8 5.36 0.02 0.1 64.2 A 5.9 A A 
259 396.1 20.7 5.22 -6.80 28.9 59.2 A 5.7 A A 
260 463.0 25.0 5.40 8.94 38.0 69.5 A 5.9 A A 
261 465.0 33.0 7.10 9.41 40.0 89.0 A 7.5 A A 
263 449.0 16.0 3.56 5.65 24.0 48.7 A 4.3 A A 
264 447.0 17.2 3.85 5.18 22.0 51.3 A 4.5 A A 
265 383.0 3.7 0.96 -9.88 42.0 27.5 N 2.5 A W 
267 383.0 15.4 4.01 -9.88 42.0 47.3 A 4.6 A A 
268 465.6 9.1 1.95 9.55 40.6 34.9 N 3.1 A W 
269 435.8 17.1 3.92 2.54 10.8 51.1 A 4.6 A A 
270 390.0 7.7 1.97 -8.24 35.0 32.6 N 3.1 A W 
271 359.1 9.4 2.62 -15.51 65.9 35.4 N 3.5 A W 
272 419.4 10.8 2.58 -1.32 5.6 38.0 A 3.5 A A 
273 530.2 118.1 22.27 24.75 105.2 305.8 A 22.4 N N 
274 430.0 13.0 3.02 1.18 5.0 42.3 A 3.8 A A 
275 482.4 10.6 2.19 13.51 57.4 37.5 N 3.2 A W 
276 490.0 40.0 8.16 15.29 65.0 106.4 A 8.5 A A 
277 426.4 9.7 2.27 0.34 1.4 35.9 A 3.3 A A 
278 392.0 28.0 7.14 -7.76 33.0 76.7 A 7.5 A A 
279 461.8 12.8 2.77 8.66 36.8 41.9 A 3.6 A A 
283 401.0 10.9 2.71 -5.64 24.0 38.1 A 3.6 A A 
284 407.4 28.5 7.00 -4.13 17.6 78.0 A 7.4 A A 
285 411.2 28.8 7.00 -3.25 13.8 78.6 A 7.4 A A 
286 3.2 0.2 4.63 -99.24 421.8 25.8 N 5.2 A N 
288 478.0 24.0 5.02 12.47 53.0 67.1 A 5.5 A A 
289 438.0 20.0 4.57 3.06 13.0 57.7 A 5.1 A A 
290 488.0 25.0 5.12 14.82 63.0 69.5 A 5.6 A A 
292 420.0 20.0 4.76 -1.18 5.0 57.7 A 5.3 A A 
293 420.0 20.0 4.76 -1.18 5.0 57.7 A 5.3 A A 
294 426.0 14.0 3.29 0.24 1.0 44.4 A 4.0 A A 
295 392.3 8.8 2.24 -7.69 32.7 34.4 A 3.3 A A 
296 320.0 28.0 8.75 -24.71 105.0 76.7 N 9.1 A N 
297 431.0 11.0 2.55 1.41 6.0 38.4 A 3.5 A A 
298 397.2 1.2 0.30 -6.55 27.9 26.0 N 2.4 A W 
299 440.0 24.0 5.45 3.53 15.0 67.1 A 5.9 A A 
300 425.0 34.0 8.00 0.00 0.0 91.4 A 8.3 A A 
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Performance evaluation of K-40 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 550 ± 20 [Bq/kg] 

 

 

 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 632.5 47.7 7.5 15.0 82.5 133.4 A 8.4 A A 
2 626.0 32.7 5.2 13.8 76.0 98.9 A 6.4 A A 
3 520.0 70.0 13.5 -5.5 30.0 187.8 A 13.9 A A 
4 539.0 61.0 11.3 -2.0 11.0 165.6 A 11.9 A A 
5 587.0 36.0 6.1 6.7 37.0 106.3 A 7.1 A A 
6 561.6 28.1 5.0 2.1 11.6 89.0 A 6.2 A A 
7 533.4 11.2 2.1 -3.0 16.6 59.1 A 4.2 A A 
10 503.9 12.0 2.4 -8.4 46.1 60.2 A 4.3 A A 
11 537.9 54.8 10.2 -2.2 12.1 150.5 A 10.8 A A 
12 535.0 63.0 11.8 -2.7 15.0 170.5 A 12.3 A A 
13 562.6 15.7 2.8 2.3 12.6 65.5 A 4.6 A A 
14 871.0 56.4 6.5 58.4 321.0 154.4 N 7.4 A N 
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Laboratory code

K-40 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
15 375.8 5.6 1.5 -31.7 174.2 53.6 N 3.9 A N 
16 564.0 14.0 2.5 2.5 14.0 63.0 A 4.4 A A 
17 580.0 22.0 3.8 5.5 30.0 76.7 A 5.3 A A 
18 571.0 9.0 1.6 3.8 21.0 56.6 A 4.0 A A 
19 611.0 10.0 1.6 11.1 61.0 57.7 N 4.0 A W 
20 562.0 9.0 1.6 2.2 12.0 56.6 A 4.0 A A 
21 607.0 66.0 10.9 10.4 57.0 177.9 A 11.5 A A 
22 539.0 9.0 1.7 -2.0 11.0 56.6 A 4.0 A A 
23 570.0 15.0 2.6 3.6 20.0 64.5 A 4.5 A A 
24 558.6 8.4 1.5 1.6 8.6 56.0 A 3.9 A A 
25 95.9 5.8 6.0 -82.6 454.1 53.7 N 7.0 A N 
26 590.0 39.4 6.7 7.3 40.0 113.9 A 7.6 A A 
27 738.6 147.1 19.9 34.3 188.6 383.1 A 20.3 N N 
30 567.3 25.7 4.5 3.1 17.3 84.0 A 5.8 A A 
31 543.0 26.0 4.8 -1.3 7.0 84.6 A 6.0 A A 
32 517.5 38.5 7.4 -5.9 32.5 111.9 A 8.3 A A 
34 563.0 32.0 5.7 2.4 13.0 97.4 A 6.7 A A 
35 628.0 19.7 3.1 14.2 78.0 72.4 N 4.8 A W 
36 618.0 20.0 3.2 12.4 68.0 73.0 A 4.9 A A 
37 554.0 39.0 7.0 0.7 4.0 113.1 A 7.9 A A 
38 712.0 0.0 0.0 29.5 162.0 51.6 N 3.6 A N 
39 518.0 27.0 5.2 -5.8 32.0 86.7 A 6.4 A A 
40 563.0 33.0 5.9 2.4 13.0 99.6 A 6.9 A A 
41 539.0 24.0 4.5 -2.0 11.0 80.6 A 5.7 A A 
42 642.0 40.0 6.2 16.7 92.0 115.4 A 7.2 A A 
43 602.0 30.0 5.0 9.5 52.0 93.0 A 6.2 A A 
44 564.7 22.3 3.9 2.7 14.7 77.2 A 5.4 A A 
45 560.0 19.0 3.4 1.8 10.0 71.2 A 5.0 A A 
46 492.0 22.0 4.5 -10.5 58.0 76.7 A 5.8 A A 
47 615.1 26.3 4.3 11.8 65.1 85.2 A 5.6 A A 
50 582.1 43.7 7.5 5.8 32.1 124.0 A 8.3 A A 
51 680.1 48.6 7.1 23.7 130.1 135.6 A 8.0 A A 
52 520.0 20.0 3.8 -5.5 30.0 73.0 A 5.3 A A 
53 530.0 40.0 7.5 -3.6 20.0 115.4 A 8.4 A A 
54 546.0 49.0 9.0 -0.7 4.0 136.5 A 9.7 A A 
55 561.0 37.0 6.6 2.0 11.0 108.5 A 7.5 A A 
56 604.0 14.0 2.3 9.8 54.0 63.0 A 4.3 A A 
57 483.0 31.6 6.5 -12.2 67.0 96.5 A 7.5 A A 
58 570.0 25.0 4.4 3.6 20.0 82.6 A 5.7 A A 
59 564.0 20.0 3.5 2.5 14.0 73.0 A 5.1 A A 
60 618.0 14.0 2.3 12.4 68.0 63.0 N 4.3 A W 
61 478.8 15.1 3.2 -12.9 71.2 64.7 N 4.8 A W 
62 537.0 22.9 4.3 -2.4 13.0 78.4 A 5.6 A A 
63 563.8 15.4 2.7 2.5 13.8 65.1 A 4.5 A A 
64 552.5 19.2 3.5 0.5 2.5 71.5 A 5.0 A A 
65 554.0 14.4 2.6 0.7 4.0 63.6 A 4.5 A A 
68 590.0 40.0 6.8 7.3 40.0 115.4 A 7.7 A A 
70 698.0 80.0 11.5 26.9 148.0 212.8 A 12.0 A A 

47

55



 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
71 569.9 11.7 2.1 3.6 19.9 59.8 A 4.2 A A 
72 564.2 11.0 1.9 2.6 14.2 58.9 A 4.1 A A 
73 650.0 30.0 4.6 18.2 100.0 93.0 N 5.9 A W 
74 395.0 29.0 7.3 -28.2 155.0 90.9 N 8.2 A N 
76 548.0 12.0 2.2 -0.4 2.0 60.2 A 4.2 A A 
77 549.4 11.5 2.1 -0.1 0.6 59.5 A 4.2 A A 
78 678.0 16.6 2.4 23.3 128.0 67.1 N 4.4 A N 
79 726.0 27.0 3.7 32.0 176.0 86.7 N 5.2 A N 
80 583.0 29.0 5.0 6.0 33.0 90.9 A 6.2 A A 
81 545.8 71.2 13.0 -0.8 4.2 190.8 A 13.5 A A 
82 524.2 8.4 1.6 -4.7 25.8 55.9 A 4.0 A A 
83 426.3 24.9 5.8 -22.5 123.7 82.4 N 6.9 A N 
84 553.0 28.0 5.1 0.5 3.0 88.8 A 6.2 A A 
85 575.0 24.0 4.2 4.5 25.0 80.6 A 5.5 A A 
86 564.0 34.0 6.0 2.5 14.0 101.8 A 7.0 A A 
87 581.0 9.0 1.5 5.6 31.0 56.6 A 4.0 A A 
88 568.0 17.0 3.0 3.3 18.0 67.7 A 4.7 A A 
89 630.9 27.1 4.3 14.7 80.9 86.9 A 5.6 A A 
90 629.0 42.3 6.7 14.4 79.0 120.7 A 7.6 A A 
91 590.0 50.0 8.5 7.3 40.0 138.9 A 9.2 A A 
92 570.0 27.0 4.7 3.6 20.0 86.7 A 6.0 A A 
93 655.0 19.0 2.9 19.1 105.0 71.2 N 4.7 A W 
94 660.0 93.0 14.1 20.0 110.0 245.4 A 14.6 A A 
95 537.0 87.0 16.2 -2.4 13.0 230.3 A 16.6 A A 
96 630.0 45.0 7.1 14.5 80.0 127.1 A 8.0 A A 
97 930.0 40.0 4.3 69.1 380.0 115.4 N 5.6 A N 
99 564.0 13.0 2.3 2.5 14.0 61.5 A 4.3 A A 
100 570.0 57.0 10.0 3.6 20.0 155.8 A 10.6 A A 
101 570.0 60.0 10.5 3.6 20.0 163.2 A 11.1 A A 
106 608.5 35.7 5.9 10.6 58.5 105.6 A 6.9 A A 
109 1480.0 110.0 7.4 169.1 930.0 288.5 N 8.3 A N 
110 500.0 37.6 7.5 -9.1 50.0 109.9 A 8.4 A A 
111 588.0 34.0 5.8 6.9 38.0 101.8 A 6.8 A A 
112 583.0 18.0 3.1 6.0 33.0 69.4 A 4.8 A A 
113 493.7 16.3 3.3 -10.2 56.3 66.6 A 4.9 A A 
114 440.0 40.0 9.1 -20.0 110.0 115.4 A 9.8 A A 
115 636.9 35.6 5.6 15.8 86.9 105.3 A 6.7 A A 
118 527.0 61.0 11.6 -4.2 23.0 165.6 A 12.1 A A 
119 607.0 47.0 7.7 10.4 57.0 131.8 A 8.6 A A 
120 583.0 18.0 3.1 6.0 33.0 69.4 A 4.8 A A 
121 859.2 24.5 2.9 56.2 309.2 81.6 N 4.6 A N 
122 606.0 25.0 4.1 10.2 56.0 82.6 A 5.5 A A 
123 507.0 12.0 2.4 -7.8 43.0 60.2 A 4.3 A A 
124 599.3 24.6 4.1 9.0 49.3 81.8 A 5.5 A A 
125 535.0 58.0 10.8 -2.7 15.0 158.3 A 11.4 A A 
126 613.0 33.0 5.4 11.5 63.0 99.6 A 6.5 A A 
127 532.1 18.2 3.4 -3.3 17.9 69.8 A 5.0 A A 
128 584.0 42.0 7.2 6.2 34.0 120.0 A 8.1 A A 
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
130 597.0 25.0 4.2 8.5 47.0 82.6 A 5.5 A A 
131 610.0 36.6 6.0 10.9 60.0 107.5 A 7.0 A A 
132 548.3 18.9 3.4 -0.3 1.7 71.0 A 5.0 A A 
133 542.0 23.0 4.2 -1.5 8.0 78.6 A 5.6 A A 
134 548.0 13.0 2.4 -0.4 2.0 61.5 A 4.3 A A 
136 647.9 19.9 3.1 17.8 97.9 72.8 N 4.8 A W 
137 415.1 17.6 4.2 -24.5 134.9 68.6 N 5.6 A N 
138 408.0 24.0 5.9 -25.8 142.0 80.6 N 6.9 A N 
139 501.0 51.3 10.2 -8.9 49.0 142.1 A 10.9 A A 
140 493.5 18.9 3.8 -10.3 56.5 70.9 A 5.3 A A 
141 657.5 21.1 3.2 19.5 107.5 75.0 N 4.9 A W 
142 353.0 0.0 0.0 -35.8 197.0 51.6 N 3.6 A N 
143 505.7 40.6 8.0 -8.1 44.3 116.7 A 8.8 A A 
144 613.0 28.5 4.6 11.5 63.0 89.7 A 5.9 A A 
145 572.1 10.1 1.8 4.0 22.1 57.7 A 4.0 A A 
146 610.0 38.3 6.3 10.9 60.0 111.5 A 7.3 A A 
150 1523.1 22.5 1.5 176.9 973.1 77.7 N 3.9 A N 
151 761.0 32.0 4.2 38.4 211.0 97.4 N 5.6 A N 
152 770.0 32.0 4.2 40.0 220.0 97.4 N 5.5 A N 
153 546.5 36.8 6.7 -0.6 3.5 108.1 A 7.7 A A 
154 585.0 41.0 7.0 6.4 35.0 117.7 A 7.9 A A 
155 490.0 70.0 14.3 -10.9 60.0 187.8 A 14.7 A A 
157 518.0 35.0 6.8 -5.8 32.0 104.0 A 7.7 A A 
159 521.0 21.0 4.0 -5.3 29.0 74.8 A 5.4 A A 
160 626.3 37.9 6.1 13.9 76.3 110.6 A 7.1 A A 
161 529.0 35.1 6.6 -3.8 21.0 104.2 A 7.6 A A 
162 460.9 23.5 5.1 -16.2 89.1 79.6 N 6.3 A W 
163 524.0 31.0 5.9 -4.7 26.0 95.2 A 6.9 A A 
164 556.2 34.8 6.3 1.1 6.2 103.6 A 7.2 A A 
165 416.0 21.0 5.0 -24.4 134.0 74.8 N 6.2 A N 
166 619.7 34.1 5.5 12.7 69.7 102.0 A 6.6 A A 
168 558.7 12.3 2.2 1.6 8.7 60.6 A 4.3 A A 
169 523.0 20.0 3.8 -4.9 27.0 73.0 A 5.3 A A 
170 560.0 30.0 5.4 1.8 10.0 93.0 A 6.5 A A 
171 644.0 34.0 5.3 17.1 94.0 101.8 A 6.4 A A 
172 555.0 17.0 3.1 0.9 5.0 67.7 A 4.8 A A 
173 673.1 24.0 3.6 22.4 123.1 80.6 N 5.1 A N 
174 569.1 34.6 6.1 3.5 19.1 103.1 A 7.1 A A 
175 557.0 29.0 5.2 1.3 7.0 90.9 A 6.4 A A 
176 568.0 21.0 3.7 3.3 18.0 74.8 A 5.2 A A 
177 481.0 7.0 1.5 -12.5 69.0 54.7 N 3.9 A W 
178 541.1 17.8 3.3 -1.6 8.9 69.1 A 4.9 A A 
179 593.0 15.0 2.5 7.8 43.0 64.5 A 4.4 A A 
181 573.9 7.8 1.4 4.3 23.9 55.4 A 3.9 A A 
182 634.0 14.0 2.2 15.3 84.0 63.0 N 4.3 A W 
183 578.0 16.0 2.8 5.1 28.0 66.1 A 4.6 A A 
185 543.0 27.0 5.0 -1.3 7.0 86.7 A 6.2 A A 
188 574.0 52.0 9.1 4.4 24.0 143.7 A 9.8 A A 
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
190 759.5 102.7 13.5 38.1 209.5 269.9 A 14.0 A A 
191 558.8 19.9 3.6 1.6 8.8 72.7 A 5.1 A A 
192 509.0 61.0 12.0 -7.5 41.0 165.6 A 12.5 A A 
193 585.0 36.0 6.2 6.4 35.0 106.3 A 7.1 A A 
194 536.0 80.0 14.9 -2.5 14.0 212.8 A 15.4 A A 
195 614.0 21.0 3.4 11.6 64.0 74.8 A 5.0 A A 
197 2285.0 109.0 4.8 315.5 1735.0 285.9 N 6.0 A N 
199 580.0 20.0 3.4 5.5 30.0 73.0 A 5.0 A A 
200 537.0 42.0 7.8 -2.4 13.0 120.0 A 8.6 A A 
201 495.2 9.3 1.9 -10.0 54.8 56.9 A 4.1 A A 
202 681.6 89.5 13.1 23.9 131.6 236.6 A 13.6 A A 
204 708.0 55.0 7.8 28.7 158.0 151.0 N 8.6 A N 
205 580.6 20.8 3.6 5.6 30.6 74.4 A 5.1 A A 
206 680.2 29.8 4.4 23.7 130.2 92.7 N 5.7 A N 
207 603.0 14.0 2.3 9.6 53.0 63.0 A 4.3 A A 
208 421.0 43.0 10.2 -23.5 129.0 122.4 N 10.8 A N 
209 587.3 9.0 1.5 6.8 37.3 56.6 A 3.9 A A 
210 642.0 40.0 6.2 16.7 92.0 115.4 A 7.2 A A 
211 538.0 16.0 3.0 -2.2 12.0 66.1 A 4.7 A A 
212 599.0 17.9 3.0 8.9 49.0 69.2 A 4.7 A A 
213 520.0 22.0 4.2 -5.5 30.0 76.7 A 5.6 A A 
214 577.8 34.9 6.0 5.1 27.8 103.8 A 7.1 A A 
215 552.6 21.4 3.9 0.5 2.6 75.6 A 5.3 A A 
216 574.0 14.0 2.4 4.4 24.0 63.0 A 4.4 A A 
217 556.5 24.7 4.4 1.2 6.5 82.1 A 5.7 A A 
218 526.1 10.6 2.0 -4.4 23.9 58.4 A 4.2 A A 
219 558.0 23.0 4.1 1.5 8.0 78.6 A 5.5 A A 
220 517.6 38.8 7.5 -5.9 32.4 112.6 A 8.3 A A 
221 550.5 35.5 6.4 0.1 0.5 105.1 A 7.4 A A 
223 485.2 68.1 14.0 -11.8 64.8 183.2 A 14.5 A A 
225 2098.0 254.0 12.1 281.5 1548.0 657.3 N 12.6 A N 
226 567.0 20.0 3.5 3.1 17.0 73.0 A 5.1 A A 
227 568.5 24.4 4.3 3.4 18.5 81.3 A 5.6 A A 
230 1109.0 35.0 3.2 101.6 559.0 104.0 N 4.8 A N 
232 531.0 16.0 3.0 -3.5 19.0 66.1 A 4.7 A A 
233 501.0 44.0 8.8 -8.9 49.0 124.7 A 9.5 A A 
234 555.0 32.4 5.8 0.9 5.0 98.2 A 6.9 A A 
235 609.9 15.0 2.5 10.9 59.9 64.4 A 4.4 A A 
236 570.0 20.0 3.5 3.6 20.0 73.0 A 5.1 A A 
237 537.7 25.0 4.6 -2.2 12.3 82.6 A 5.9 A A 
238 520.0 17.0 3.3 -5.5 30.0 67.7 A 4.9 A A 
239 575.0 34.0 5.9 4.5 25.0 101.8 A 6.9 A A 
240 597.0 42.0 7.0 8.5 47.0 120.0 A 7.9 A A 
241 532.0 38.0 7.1 -3.3 18.0 110.8 A 8.0 A A 
242 545.5 21.9 4.0 -0.8 4.5 76.5 A 5.4 A A 
244 650.0 39.8 6.1 18.2 100.0 114.9 A 7.1 A A 
245 461.0 8.0 1.7 -16.2 89.0 55.6 N 4.0 A W 
246 398.4 23.9 6.0 -27.6 151.6 80.4 N 7.0 A N 
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Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
249 1259.0 41.8 3.3 128.9 709.0 119.5 N 4.9 A N 
250 1236.0 43.0 3.5 124.7 686.0 122.4 N 5.0 A N 
251 568.0 34.0 6.0 3.3 18.0 101.8 A 7.0 A A 
252 554.7 12.7 2.3 0.9 4.7 61.1 A 4.3 A A 
253 521.0 19.0 3.6 -5.3 29.0 71.2 A 5.2 A A 
254 568.0 12.0 2.1 3.3 18.0 60.2 A 4.2 A A 
255 490.0 8.0 1.6 -10.9 60.0 55.6 N 4.0 A W 
256 548.0 43.0 7.8 -0.4 2.0 122.4 A 8.6 A A 
257 542.0 20.0 3.7 -1.5 8.0 73.0 A 5.2 A A 
258 549.4 40.3 7.3 -0.1 0.6 116.1 A 8.2 A A 
259 581.1 41.9 7.2 5.7 31.1 119.8 A 8.1 A A 
260 662.0 43.0 6.5 20.4 112.0 122.4 A 7.4 A A 
261 670.0 47.0 7.0 21.8 120.0 131.8 A 7.9 A A 
263 530.0 22.0 4.2 -3.6 20.0 76.7 A 5.5 A A 
264 648.0 26.2 4.0 17.8 98.0 85.0 N 5.4 A W 
265 561.0 16.7 3.0 2.0 11.0 67.2 A 4.7 A A 
267 596.0 26.6 4.5 8.4 46.0 85.9 A 5.8 A A 
268 616.0 13.0 2.1 12.0 66.0 61.5 N 4.2 A W 
269 614.5 38.8 6.3 11.7 64.5 112.6 A 7.3 A A 
270 595.0 23.0 3.9 8.2 45.0 78.6 A 5.3 A A 
271 2341.1 101.8 4.3 325.7 1791.1 267.7 N 5.7 A N 
272 565.9 46.7 8.3 2.9 15.9 131.1 A 9.0 A A 
273 578.9 186.4 32.2 5.3 28.9 483.7 A 32.4 N W 
274 587.0 19.0 3.2 6.7 37.0 71.2 A 4.9 A A 
275 634.0 17.5 2.8 15.3 84.0 68.5 N 4.6 A W 
276 650.0 60.0 9.2 18.2 100.0 163.2 A 9.9 A A 
277 584.1 21.1 3.6 6.2 34.1 75.0 A 5.1 A A 
278 526.0 45.0 8.6 -4.4 24.0 127.1 A 9.3 A A 
279 704.3 37.9 5.4 28.1 154.3 110.6 N 6.5 A N 
284 551.4 45.2 8.2 0.3 1.4 127.5 A 9.0 A A 
285 539.3 44.2 8.2 -1.9 10.7 125.2 A 9.0 A A 
288 689.0 35.0 5.1 25.3 139.0 104.0 N 6.2 A N 
289 587.0 16.0 2.7 6.7 37.0 66.1 A 4.5 A A 
290 703.0 38.0 5.4 27.8 153.0 110.8 N 6.5 A N 
292 530.0 30.0 5.7 -3.6 20.0 93.0 A 6.7 A A 
293 530.0 30.0 5.7 -3.6 20.0 93.0 A 6.7 A A 
294 512.0 25.0 4.9 -6.9 38.0 82.6 A 6.1 A A 
295 549.4 6.1 1.1 -0.1 0.6 53.9 A 3.8 A A 
296 580.0 41.0 7.1 5.5 30.0 117.7 A 7.9 A A 
297 568.0 14.0 2.5 3.3 18.0 63.0 A 4.4 A A 
298 621.5 6.1 1.0 13.0 71.5 54.0 N 3.8 A W 
299 616.0 50.0 8.1 12.0 66.0 138.9 A 8.9 A A 
300 544.0 44.0 8.1 -1.1 6.0 124.7 A 8.9 A A 

51

59



 

Performance evaluation of Tl-208 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 13.0 ± 0.5 [Bq/kg] 

 

 
 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 34.07 3.16 9.28 162.08 21.1 8.3 N 10.0 A N 
3 15.00 2.00 13.33 15.38 2.0 5.3 A 13.9 A A 
5 35.00 3.00 8.57 169.23 22.0 7.8 N 9.4 A N 
6 10.80 0.80 7.41 -16.92 2.2 2.4 A 8.3 A A 
7 33.16 1.11 3.35 155.08 20.2 3.1 N 5.1 A N 
10 36.89 1.24 3.36 183.77 23.9 3.4 N 5.1 A N 
11 12.90 1.60 12.40 -0.77 0.1 4.3 A 13.0 A A 
12 11.10 0.70 6.31 -14.62 1.9 2.2 A 7.4 A A 
13 26.81 2.09 7.80 106.23 13.8 5.5 N 8.7 A N 
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Tl-208 in moss-soil
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Bias A1 A2 True P Prec Final 

Score 
14 62.50 7.75 12.40 380.77 49.5 20.0 N 13.0 A N 
15 18.01 2.06 11.44 38.54 5.0 5.5 A 12.1 A A 
16 32.30 0.80 2.48 148.46 19.3 2.4 N 4.6 A N 
17 11.80 0.60 5.08 -9.23 1.2 2.0 A 6.4 A A 
18 32.50 0.50 1.54 150.00 19.5 1.8 N 4.1 A N 
19 34.60 0.50 1.45 166.15 21.6 1.8 N 4.1 A N 
20 32.40 0.50 1.54 149.23 19.4 1.8 N 4.1 A N 
22 32.50 0.40 1.23 150.00 19.5 1.7 N 4.0 A N 
23 34.40 1.00 2.91 164.62 21.4 2.9 N 4.8 A N 
24 33.10 0.40 1.21 154.62 20.1 1.7 N 4.0 A N 
25 40.84 4.08 9.99 214.15 27.8 10.6 N 10.7 A N 
26 11.72 0.83 7.08 -9.85 1.3 2.5 A 8.1 A A 
27 14.60 2.52 17.23 12.30 1.6 6.6 A 17.7 A A 
31 14.20 1.10 7.75 9.23 1.2 3.1 A 8.6 A A 
32 33.40 1.70 5.09 156.92 20.4 4.6 N 6.4 A N 
34 15.00 2.00 13.33 15.38 2.0 5.3 A 13.9 A A 
36 12.00 1.00 8.33 -7.69 1.0 2.9 A 9.2 A A 
37 13.87 1.39 10.02 6.69 0.9 3.8 A 10.7 A A 
39 10.30 0.50 4.85 -20.77 2.7 1.8 N 6.2 A N 
40 13.54 1.05 7.75 4.15 0.5 3.0 A 8.7 A A 
41 12.00 2.00 16.67 -7.69 1.0 5.3 A 17.1 A A 
42 39.00 3.00 7.69 200.00 26.0 7.8 N 8.6 A N 
43 29.50 1.20 4.07 126.92 16.5 3.4 N 5.6 A N 
44 34.22 1.55 4.53 163.23 21.2 4.2 N 5.9 A N 
45 12.50 0.60 4.80 -3.85 0.5 2.0 A 6.2 A A 
46 9.80 0.65 6.63 -24.62 3.2 2.1 N 7.7 A N 
47 14.60 1.30 8.90 12.31 1.6 3.6 A 9.7 A A 
51 14.60 1.20 8.22 12.31 1.6 3.4 A 9.1 A A 
52 28.00 3.00 10.71 115.38 15.0 7.8 N 11.4 A N 
53 34.90 1.50 4.30 168.46 21.9 4.1 N 5.8 A N 
54 11.40 1.70 14.91 -12.31 1.6 4.6 A 15.4 A A 
55 15.80 0.90 5.70 21.54 2.8 2.7 N 6.9 A N 
56 36.50 2.00 5.48 180.77 23.5 5.3 N 6.7 A N 
57 13.90 1.11 7.99 6.92 0.9 3.1 A 8.9 A A 
58 14.30 0.70 4.90 10.00 1.3 2.2 A 6.2 A A 
59 41.20 2.00 4.85 216.92 28.2 5.3 N 6.2 A N 
60 12.40 0.50 4.03 -4.62 0.6 1.8 A 5.6 A A 
61 10.30 0.40 3.88 -20.77 2.7 1.7 N 5.5 A N 
62 37.30 2.00 5.36 186.92 24.3 5.3 N 6.6 A N 
63 13.89 0.60 4.32 6.85 0.9 2.0 A 5.8 A A 
64 33.54 1.44 4.29 158.00 20.5 3.9 N 5.8 A N 
65 12.68 0.47 3.71 -2.46 0.3 1.8 A 5.3 A A 
70 12.40 2.10 16.94 -4.62 0.6 5.6 A 17.4 A A 
71 11.40 0.40 3.51 -12.31 1.6 1.7 A 5.2 A A 
72 13.29 0.30 2.26 2.23 0.3 1.5 A 4.5 A A 
73 13.50 1.10 8.15 3.85 0.5 3.1 A 9.0 A A 
74 9609.0

0
867.00 9.02 73815.

38
9596.0 2236.9 N 9.8 A N 

76 11.95 0.41 3.43 -8.08 1.1 1.7 A 5.2 A A 
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code 

Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
77 11.15 0.34 3.05 -14.23 1.9 1.6 N 4.9 A W 
78 15.80 0.76 4.84 21.54 2.8 2.4 N 6.2 A N 
79 43.90 3.30 7.52 237.69 30.9 8.6 N 8.4 A N 
80 329.00 39.00 11.85 2430.7

7
316.0 100.6 N 12.5 A N 

81 10.25 0.78 7.61 -21.15 2.8 2.4 N 8.5 A N 
82 10.91 0.58 5.32 -16.08 2.1 2.0 N 6.6 A W 
83 11.66 2.08 17.84 -10.31 1.3 5.5 A 18.2 A A 
84 12.10 1.40 11.57 -6.92 0.9 3.8 A 12.2 A A 
86 9.80 0.60 6.12 -24.62 3.2 2.0 N 7.2 A N 
87 14.60 0.70 4.79 12.31 1.6 2.2 A 6.1 A A 
88 13.00 1.00 7.69 0.00 0.0 2.9 A 8.6 A A 
89 12.27 0.93 7.58 -5.62 0.7 2.7 A 8.5 A A 
90 11.30 0.90 7.96 -13.08 1.7 2.7 A 8.8 A A 
91 11.40 1.00 8.77 -12.31 1.6 2.9 A 9.6 A A 
92 13.30 1.20 9.02 2.31 0.3 3.4 A 9.8 A A 
93 12.10 0.60 4.96 -6.92 0.9 2.0 A 6.3 A A 
94 13.00 2.10 16.15 0.00 0.0 5.6 A 16.6 A A 
95 10.40 1.40 13.46 -20.00 2.6 3.8 A 14.0 A A 
99 13.08 0.32 2.45 0.62 0.1 1.5 A 4.6 A A 
101 15.10 1.60 10.60 16.15 2.1 4.3 A 11.3 A A 
109 28.80 2.30 7.99 121.54 15.8 6.1 N 8.9 A N 
110 19.50 1.46 7.49 50.00 6.5 4.0 N 8.4 A N 
111 11.25 1.05 9.33 -13.46 1.8 3.0 A 10.1 A A 
112 12.00 0.50 4.17 -7.69 1.0 1.8 A 5.7 A A 
113 10.05 0.54 5.37 -22.69 3.0 1.9 N 6.6 A N 
114 8.00 1.00 12.50 -38.46 5.0 2.9 N 13.1 A N 
115 19.50 2.70 13.85 50.00 6.5 7.1 A 14.4 A A 
119 15.60 1.20 7.69 20.00 2.6 3.4 A 8.6 A A 
120 12.00 0.50 4.17 -7.69 1.0 1.8 A 5.7 A A 
121 44.91 4.80 10.69 245.46 31.9 12.5 N 11.4 A N 
122 30.20 1.20 3.97 132.31 17.2 3.4 N 5.5 A N 
123 38.50 2.70 7.01 196.15 25.5 7.1 N 8.0 A N 
124 11.94 0.49 4.10 -8.15 1.1 1.8 A 5.6 A A 
125 11.50 1.30 11.30 -11.54 1.5 3.6 A 11.9 A A 
127 13.80 0.90 6.52 6.15 0.8 2.7 A 7.6 A A 
130 33.10 1.30 3.93 154.62 20.1 3.6 N 5.5 A N 
131 15.55 0.59 3.79 19.62 2.6 2.0 N 5.4 A W 
132 12.31 0.39 3.18 -5.31 0.7 1.6 A 5.0 A A 
133 13.30 1.10 8.27 2.31 0.3 3.1 A 9.1 A A 
134 12.80 0.39 3.05 -1.54 0.2 1.6 A 4.9 A A 
136 12.76 0.66 5.17 -1.85 0.2 2.1 A 6.4 A A 
138 35.00 3.00 8.57 169.23 22.0 7.8 N 9.4 A N 
140 36.60 1.71 4.67 181.54 23.6 4.6 N 6.1 A N 
141 30.13 3.06 10.16 131.77 17.1 8.0 N 10.9 A N 
142 53.07 0.01 0.02 308.23 40.1 1.3 N 3.8 A N 
143 11.24 1.05 9.34 -13.54 1.8 3.0 A 10.1 A A 
144 11.00 0.80 7.27 -15.38 2.0 2.4 A 8.2 A A 
150 39.28 8.29 21.10 202.15 26.3 21.4 N 21.5 N N 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
151 54.00 1.30 2.41 315.38 41.0 3.6 N 4.5 A N 
152 55.00 2.00 3.64 323.08 42.0 5.3 N 5.3 A N 
153 11.58 1.07 9.24 -10.92 1.4 3.0 A 10.0 A A 
154 12.40 1.00 8.06 -4.62 0.6 2.9 A 8.9 A A 
155 36.00 2.00 5.56 176.92 23.0 5.3 N 6.8 A N 
157 37.80 4.80 12.70 190.77 24.8 12.5 N 13.3 A N 
159 11.20 2.20 19.64 -13.85 1.8 5.8 A 20.0 N W 
160 13.27 1.33 10.02 2.08 0.3 3.7 A 10.7 A A 
161 34.10 2.30 6.74 162.31 21.1 6.1 N 7.8 A N 
163 14.83 0.97 6.54 14.08 1.8 2.8 A 7.6 A A 
164 42.76 3.33 7.80 228.92 29.8 8.7 N 8.7 A N 
165 28.50 1.70 5.96 119.23 15.5 4.6 N 7.1 A N 
166 13.15 0.97 7.38 1.15 0.2 2.8 A 8.3 A A 
168 11.40 0.40 3.51 -12.31 1.6 1.7 A 5.2 A A 
169 33.80 1.20 3.55 160.00 20.8 3.4 N 5.2 A N 
170 12.00 1.00 8.33 -7.69 1.0 2.9 A 9.2 A A 
171 14.55 0.70 4.81 11.92 1.6 2.2 A 6.2 A A 
172 38.00 3.00 7.89 192.31 25.0 7.8 N 8.8 A N 
173 12.26 0.53 4.32 -5.69 0.7 1.9 A 5.8 A A 
174 37.70 2.60 6.90 190.00 24.7 6.8 N 7.9 A N 
175 12.00 0.78 6.50 -7.69 1.0 2.4 A 7.6 A A 
177 9.52 0.38 3.99 -26.77 3.5 1.6 N 5.5 A N 
178 11.89 0.54 4.54 -8.54 1.1 1.9 A 6.0 A A 
179 32.66 1.00 3.06 151.23 19.7 2.9 N 4.9 A N 
182 12.30 0.50 4.07 -5.38 0.7 1.8 A 5.6 A A 
185 11.00 0.80 7.27 -15.38 2.0 2.4 A 8.2 A A 
190 13.90 4.54 32.66 6.92 0.9 11.8 A 32.9 N W 
191 10.93 0.81 7.41 -15.92 2.1 2.5 A 8.3 A A 
192 38.00 3.00 7.89 192.31 25.0 7.8 N 8.8 A N 
193 41.00 5.00 12.20 215.38 28.0 13.0 N 12.8 A N 
194 36.00 5.00 13.89 176.92 23.0 13.0 N 14.4 A N 
195 36.27 1.56 4.30 179.00 23.3 4.2 N 5.8 A N 
197 50.80 6.51 12.81 290.77 37.8 16.8 N 13.4 A N 
199 13.80 0.80 5.80 6.15 0.8 2.4 A 7.0 A A 
200 13.02 0.63 4.84 0.15 0.0 2.1 A 6.2 A A 
201 14.80 0.54 3.65 13.85 1.8 1.9 A 5.3 A A 
202 72.31 3.96 5.48 456.23 59.3 10.3 N 6.7 A N 
206 46.77 2.77 5.92 259.77 33.8 7.3 N 7.1 A N 
207 15.30 0.90 5.88 17.69 2.3 2.7 A 7.0 A A 
210 12.00 0.84 7.00 -7.69 1.0 2.5 A 8.0 A A 
211 36.40 1.80 4.95 180.00 23.4 4.8 N 6.3 A N 
214 11.10 0.70 6.31 -14.62 1.9 2.2 A 7.4 A A 
216 36.30 1.50 4.13 179.23 23.3 4.1 N 5.6 A N 
217 12.24 0.66 5.39 -5.85 0.8 2.1 A 6.6 A A 
218 11.11 0.33 2.93 -14.55 1.9 1.5 N 4.8 A W 
219 12.90 0.60 4.65 -0.77 0.1 2.0 A 6.0 A A 
220 11.06 0.56 5.06 -14.92 1.9 1.9 N 6.4 A W 
221 12.00 0.90 7.50 -7.69 1.0 2.7 A 8.4 A A 
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Score 
223 8.18 1.14 13.94 -37.08 4.8 3.2 N 14.5 A N 
225 105.60 42.00 39.77 712.31 92.6 108.4 A 40.0 N N 
227 36.67 1.83 4.99 182.08 23.7 4.9 N 6.3 A N 
233 14.00 1.30 9.29 7.69 1.0 3.6 A 10.1 A A 
234 11.10 1.11 10.00 -14.62 1.9 3.1 A 10.7 A A 
235 42.25 2.62 6.20 225.00 29.3 6.9 N 7.3 A N 
236 33.40 1.30 3.89 156.92 20.4 3.6 N 5.5 A N 
237 31.20 1.30 4.17 140.00 18.2 3.6 N 5.7 A N 
238 13.10 0.80 6.11 0.77 0.1 2.4 A 7.2 A A 
239 33.90 2.00 5.90 160.77 20.9 5.3 N 7.0 A N 
240 10.90 1.00 9.17 -16.15 2.1 2.9 A 9.9 A A 
241 14.50 1.20 8.28 11.54 1.5 3.4 A 9.1 A A 
242 12.21 0.74 6.06 -6.08 0.8 2.3 A 7.2 A A 
244 26.70 1.56 5.84 105.38 13.7 4.2 N 7.0 A N 
246 10.40 0.77 7.40 -20.00 2.6 2.4 N 8.3 A W 
251 37.47 3.27 8.73 188.23 24.5 8.5 N 9.5 A N 
252 36.30 1.10 3.03 179.23 23.3 3.1 N 4.9 A N 
253 11.60 0.60 5.17 -10.77 1.4 2.0 A 6.4 A A 
254 32.00 1.00 3.13 146.15 19.0 2.9 N 5.0 A N 
255 11.60 0.70 6.03 -10.77 1.4 2.2 A 7.2 A A 
257 10.34 0.58 5.61 -20.46 2.7 2.0 N 6.8 A N 
258 32.73 1.85 5.65 151.77 19.7 4.9 N 6.8 A N 
260 11.20 1.00 8.93 -13.85 1.8 2.9 A 9.7 A A 
261 39.00 3.10 7.95 200.00 26.0 8.1 N 8.8 A N 
263 34.40 3.10 9.01 164.62 21.4 8.1 N 9.8 A N 
264 10.90 0.67 6.16 -16.15 2.1 2.2 A 7.3 A A 
265 18.50 2.42 13.08 42.31 5.5 6.4 A 13.6 A A 
267 29.46 2.30 7.81 126.62 16.5 6.1 N 8.7 A N 
268 41.10 1.40 3.41 216.15 28.1 3.8 N 5.1 A N 
269 11.20 1.40 12.50 -13.85 1.8 3.8 A 13.1 A A 
270 9.73 1.05 10.79 -25.15 3.3 3.0 N 11.5 A N 
272 24.30 3.38 13.91 86.92 11.3 8.8 N 14.4 A N 
273 35.90 8.10 22.56 176.15 22.9 20.9 N 22.9 N N 
274 13.10 0.50 3.82 0.77 0.1 1.8 A 5.4 A A 
275 13.25 0.69 5.21 1.92 0.3 2.2 A 6.5 A A 
277 13.18 0.43 3.26 1.38 0.2 1.7 A 5.0 A A 
278 33.40 5.30 15.87 156.92 20.4 13.7 N 16.3 A N 
279 11.70 0.50 4.27 -10.00 1.3 1.8 A 5.7 A A 
283 33.27 1.23 3.70 155.92 20.3 3.4 N 5.3 A N 
284 33.66 2.36 7.01 158.92 20.7 6.2 N 8.0 A N 
285 33.82 2.37 7.01 160.15 20.8 6.2 N 8.0 A N 
288 12.70 0.70 5.51 -2.31 0.3 2.2 A 6.7 A A 
289 12.50 0.30 2.40 -3.85 0.5 1.5 A 4.5 A A 
290 12.80 0.80 6.25 -1.54 0.2 2.4 A 7.3 A A 
292 13.00 1.00 7.69 0.00 0.0 2.9 A 8.6 A A 
293 13.00 1.00 7.69 0.00 0.0 2.9 A 8.6 A A 
294 11.10 0.80 7.21 -14.62 1.9 2.4 A 8.2 A A 
295 10.60 0.40 3.77 -18.46 2.4 1.7 N 5.4 A W 
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Score 
296 10.60 1.60 15.09 -18.46 2.4 4.3 A 15.6 A A 
297 11.60 0.50 4.31 -10.77 1.4 1.8 A 5.8 A A 
299 11.90 1.70 14.29 -8.46 1.1 4.6 A 14.8 A A 
300 11.90 1.70 14.29 -8.46 1.1 4.6 A 14.8 A A 

57

65



 

Performance evaluation of Pb-210 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 420 ± 20 [Bq/kg] 

 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 278 30.05 10.81 -33.81 142.0 93.1 N 11.8 A N 
3 400 60.00 15.00 -4.76 20.0 163.2 A 15.7 A A 
5 450 71.00 15.78 7.14 30.0 190.3 A 16.5 A A 
6 396.7 94.40 23.80 -5.55 23.3 249.0 A 24.3 N W 
7 291.3 8.42 2.89 -30.64 128.7 56.0 N 5.6 A N 
10 421.26 14.97 3.55 0.30 1.3 64.5 A 5.9 A A 
11 423.4 44.70 10.56 0.81 3.4 126.3 A 11.6 A A 
12 451 26.00 5.76 7.38 31.0 84.6 A 7.5 A A 
14 12.5 1.41 11.28 -97.02 407.5 51.7 N 12.2 A N 
16 410 15.00 3.66 -2.38 10.0 64.5 A 6.0 A A 
18 413 16.00 3.87 -1.67 7.0 66.1 A 6.1 A A 

W
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Laboratory code

Pb-210 in moss-soil
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Bias A1 A2 True P Prec Final 

Score 
19 385 16.00 4.16 -8.33 35.0 66.1 A 6.3 A A 
20 410 16.00 3.90 -2.38 10.0 66.1 A 6.2 A A 
22 409.7 15.90 3.88 -2.45 10.3 65.9 A 6.1 A A 
23 448 43.00 9.60 6.67 28.0 122.4 A 10.7 A A 
24 408.4 12.10 2.96 -2.76 11.6 60.3 A 5.6 A A 
25 69.95 4.20 6.00 -83.35 350.1 52.7 N 7.7 A N 
26 402 14.00 3.48 -4.29 18.0 63.0 A 5.9 A A 
27 271.62

9
100.17 36.88 -35.33 148.4 263.5 A 37.2 N N 

29 201 15.00 7.46 -52.14 219.0 64.5 N 8.9 A N 
30 639.4 49.10 7.68 52.24 219.4 136.8 N 9.0 A N 
31 327 21.00 6.42 -22.14 93.0 74.8 N 8.0 A N 
32 318.2 26.30 8.27 -24.24 101.8 85.2 N 9.5 A N 
33 465.5 37.40 8.03 10.83 45.5 109.4 A 9.3 A A 
34 824 39.00 4.73 96.19 404.0 113.1 N 6.7 A N 
36 449 10.00 2.23 6.90 29.0 57.7 A 5.3 A A 
37 370.8 29.20 7.87 -11.71 49.2 91.3 A 9.2 A A 
38 451 0.00 0.00 7.38 31.0 51.6 A 4.8 A A 
39 423 65.00 15.37 0.71 3.0 175.5 A 16.1 A A 
40 445 42.00 9.44 5.95 25.0 120.0 A 10.6 A A 
41 494 66.00 13.36 17.62 74.0 177.9 A 14.2 A A 
43 399 14.00 3.51 -5.00 21.0 63.0 A 5.9 A A 
44 440.12 44.39 10.09 4.79 20.1 125.6 A 11.2 A A 
45 545 68.00 12.48 29.76 125.0 182.9 A 13.4 A A 
46 445 45.00 10.11 5.95 25.0 127.1 A 11.2 A A 
47 299.2 71.10 23.76 -28.76 120.8 190.6 A 24.2 N N 
50 456 68.00 14.91 8.57 36.0 182.9 A 15.7 A A 
51 486.9 75.10 15.42 15.93 66.9 200.5 A 16.1 A A 
52 390 40.00 10.26 -7.14 30.0 115.4 A 11.3 A A 
53 391 15.00 3.84 -6.90 29.0 64.5 A 6.1 A A 
54 443 88.00 19.86 5.48 23.0 232.8 A 20.4 N W 
56 410 25.00 6.10 -2.38 10.0 82.6 A 7.7 A A 
57 421 47.40 11.26 0.24 1.0 132.7 A 12.2 A A 
58 390 20.00 5.13 -7.14 30.0 73.0 A 7.0 A A 
59 467 20.00 4.28 11.19 47.0 73.0 A 6.4 A A 
60 409 8.00 1.96 -2.62 11.0 55.6 A 5.1 A A 
61 395.9 87.20 22.03 -5.74 24.1 230.8 A 22.5 N W 
62 486 22.40 4.61 15.71 66.0 77.5 A 6.6 A A 
63 380 34.90 9.18 -9.52 40.0 103.8 A 10.3 A A 
64 519.7 40.69 7.83 23.74 99.7 117.0 A 9.2 A A 
65 413 63.60 15.40 -1.67 7.0 172.0 A 16.1 A A 
70 568 62.00 10.92 35.24 148.0 168.1 A 11.9 A A 
71 381 11.30 2.97 -9.29 39.0 59.3 A 5.6 A A 
72 318.07 22.55 7.09 -24.27 101.9 77.8 N 8.5 A N 
74 637 17.00 2.67 51.67 217.0 67.7 N 5.5 A N 
76 542.2 8.80 1.62 29.10 122.2 56.4 N 5.0 A N 
77 433.5 19.10 4.41 3.21 13.5 71.4 A 6.5 A A 
79 511 41.00 8.02 21.67 91.0 117.7 A 9.3 A A 
81 463.6 63.20 13.63 10.38 43.6 171.0 A 14.4 A A 
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Score 
82 200.31 10.09 5.04 -52.31 219.7 57.8 N 6.9 A N 
83 261.67 21.36 8.16 -37.70 158.3 75.5 N 9.5 A N 
84 503 35.00 6.96 19.76 83.0 104.0 A 8.4 A A 
85 598 116.00 19.40 42.38 178.0 303.7 A 20.0 A A 
86 448 27.00 6.03 6.67 28.0 86.7 A 7.7 A A 
87 505 21.00 4.16 20.24 85.0 74.8 N 6.3 A N 
88 370 14.00 3.78 -11.90 50.0 63.0 A 6.1 A A 
89 485.69 27.71 5.71 15.64 65.7 88.2 A 7.4 A A 
91 410 30.00 7.32 -2.38 10.0 93.0 A 8.7 A A 
92 429 49.00 11.42 2.14 9.0 136.5 A 12.4 A A 
93 822 99.00 12.04 95.71 402.0 260.6 N 13.0 A N 
95 383 54.00 14.10 -8.81 37.0 148.6 A 14.9 A A 
99 386 28.00 7.25 -8.10 34.0 88.8 A 8.7 A A 
100 400 70.00 17.50 -4.76 20.0 187.8 A 18.1 A A 
101 449 45.00 10.02 6.90 29.0 127.1 A 11.1 A A 
106 407.1 37.10 9.11 -3.07 12.9 108.7 A 10.3 A A 
109 2060 330.00 16.02 390.48 1640.0 853.0 N 16.7 A N 
112 437 14.00 3.20 4.05 17.0 63.0 A 5.7 A A 
113 456.71 12.27 2.69 8.74 36.7 60.5 A 5.5 A A 
114 460 60.00 13.04 9.52 40.0 163.2 A 13.9 A A 
118 346 13.00 3.76 -17.62 74.0 61.5 N 6.1 A W 
119 518 48.00 9.27 23.33 98.0 134.2 A 10.4 A A 
120 437.5 14.40 3.29 4.17 17.5 63.6 A 5.8 A A 
122 410 45.00 10.98 -2.38 10.0 127.1 A 12.0 A A 
123 380 13.00 3.42 -9.52 40.0 61.5 A 5.9 A A 
124 408.8 54.50 13.33 -2.67 11.2 149.8 A 14.2 A A 
125 500 54.00 10.80 19.05 80.0 148.6 A 11.8 A A 
126 383.2 96.00 25.05 -8.76 36.8 253.0 A 25.5 N W 
127 23.1 1.80 7.79 -94.50 396.9 51.8 N 9.1 A N 
130 367 38.00 10.35 -12.62 53.0 110.8 A 11.4 A A 
131 442.92 39.60 8.94 5.46 22.9 114.5 A 10.1 A A 
132 432.8 27.56 6.37 3.05 12.8 87.9 A 8.0 A A 
133 425 18.00 4.24 1.19 5.0 69.4 A 6.4 A A 
134 430 13.60 3.16 2.38 10.0 62.4 A 5.7 A A 
136 421.5 49.00 11.63 0.36 1.5 136.5 A 12.6 A A 
138 557 32.00 5.75 32.62 137.0 97.4 N 7.5 A N 
152 38 4.00 10.53 -90.95 382.0 52.6 N 11.6 A N 
153 476.21 58.81 12.35 13.38 56.2 160.3 A 13.2 A A 
155 420 50.00 11.90 0.00 0.0 138.9 A 12.8 A A 
157 318 72.00 22.64 -24.29 102.0 192.8 A 23.1 N N 
159 388 8.00 2.06 -7.62 32.0 55.6 A 5.2 A A 
160 375.51 7.83 2.09 -10.59 44.5 55.4 A 5.2 A A 
161 231.51 17.07 7.37 -44.88 188.5 67.8 N 8.8 A N 
163 387 32.00 8.27 -7.86 33.0 97.4 A 9.5 A A 
164 600.91 184.61 30.72 43.07 180.9 479.1 A 31.1 N N 
165 65 12.00 18.46 -84.52 355.0 60.2 N 19.1 A N 
166 387.5 25.00 6.45 -7.74 32.5 82.6 A 8.0 A A 
169 282 30.00 10.64 -32.86 138.0 93.0 N 11.7 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
171 453 23.00 5.08 7.86 33.0 78.6 A 7.0 A A 
174 13.8 2.00 14.49 -96.71 406.2 51.9 N 15.3 A N 
176 420 9.50 2.26 0.00 0.0 57.1 A 5.3 A A 
179 309 13.00 4.21 -26.43 111.0 61.5 N 6.4 A N 
181 416 12.80 3.08 -0.95 4.0 61.3 A 5.7 A A 
183 469 45.00 9.59 11.67 49.0 127.1 A 10.7 A A 
185 406 47.00 11.58 -3.33 14.0 131.8 A 12.5 A A 
190 218.98 33.32 15.22 -47.86 201.0 100.3 N 15.9 A N 
191 391.88 54.86 14.00 -6.70 28.1 150.7 A 14.8 A A 
197 498 18.40 3.69 18.57 78.0 70.1 N 6.0 A W 
199 420 20.00 4.76 0.00 0.0 73.0 A 6.7 A A 
200 412 16.00 3.88 -1.90 8.0 66.1 A 6.1 A A 
201 240.64 21.38 8.88 -42.70 179.4 75.5 N 10.1 A N 
207 422 19.00 4.50 0.48 2.0 71.2 A 6.6 A A 
208 344 55.00 15.99 -18.10 76.0 151.0 A 16.7 A A 
209 428.47 17.30 4.04 2.02 8.5 68.2 A 6.2 A A 
210 520 34.00 6.54 23.81 100.0 101.8 A 8.1 A A 
211 449 45.00 10.02 6.90 29.0 127.1 A 11.1 A A 
212 289 7.88 2.73 -31.19 131.0 55.5 N 5.5 A N 
216 402 9.60 2.39 -4.29 18.0 57.2 A 5.3 A A 
217 370.1 15.40 4.16 -11.88 49.9 65.1 A 6.3 A A 
218 374.05

3
5.66 1.51 -10.94 45.9 53.6 A 5.0 A A 

219 446 42.00 9.42 6.19 26.0 120.0 A 10.6 A A 
220 356.13 23.83 6.69 -15.21 63.9 80.3 A 8.2 A A 
221 388.2 28.10 7.24 -7.57 31.8 89.0 A 8.7 A A 
227 411.45 37.48 9.11 -2.04 8.6 109.6 A 10.3 A A 
230 395.4 6.68 1.69 -5.86 24.6 54.4 A 5.1 A A 
232 256 32.00 12.50 -39.05 164.0 97.4 N 13.4 A N 
233 355 39.00 10.99 -15.48 65.0 113.1 A 12.0 A A 
236 432 25.00 5.79 2.86 12.0 82.6 A 7.5 A A 
237 359.7 12.70 3.53 -14.36 60.3 61.1 A 5.9 A A 
238 413 12.00 2.91 -1.67 7.0 60.2 A 5.6 A A 
239 397 29.00 7.30 -5.48 23.0 90.9 A 8.7 A A 
244 449 57.60 12.83 6.90 29.0 157.3 A 13.7 A A 
245 445 13.00 2.92 5.95 25.0 61.5 A 5.6 A A 
246 378.9 6.20 1.64 -9.79 41.1 54.0 A 5.0 A A 
251 285 45.00 15.79 -32.14 135.0 127.1 N 16.5 A N 
252 372.7 14.10 3.78 -11.26 47.3 63.1 A 6.1 A A 
253 540 156.00 28.89 28.57 120.0 405.8 A 29.3 N N 
254 474 12.00 2.53 12.86 54.0 60.2 A 5.4 A A 
255 374 15.00 4.01 -10.95 46.0 64.5 A 6.2 A A 
257 342 14.00 4.09 -18.57 78.0 63.0 N 6.3 A W 
258 430.9 20.80 4.83 2.60 10.9 74.4 A 6.8 A A 
259 360.97 10.11 2.80 -14.05 59.0 57.8 N 5.5 A W 
260 426 20.00 4.69 1.43 6.0 73.0 A 6.7 A A 
261 340 34.00 10.00 -19.05 80.0 101.8 A 11.1 A A 
264 482 78.80 16.35 14.76 62.0 209.8 A 17.0 A A 
265 410 70.20 17.12 -2.38 10.0 188.3 A 17.8 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
267 165 14.10 8.55 -60.71 255.0 63.1 N 9.8 A N 
269 <117         N 
272 320.5 33.30 10.39 -23.69 99.5 100.2 A 11.4 A A 
273 109.5 15.10 13.79 -73.93 310.5 64.7 N 14.6 A N 
274 376 19.00 5.05 -10.48 44.0 71.2 A 6.9 A A 
275 25.84 1.08 4.18 -93.85 394.2 51.7 N 6.3 A N 
276 390 60.00 15.38 -7.14 30.0 163.2 A 16.1 A A 
277 464.53 30.30 6.52 10.60 44.5 93.7 A 8.1 A A 
279 485 33.70 6.95 15.48 65.0 101.1 A 8.4 A A 
283 2.8 0.12 4.29 -99.33 417.2 51.6 N 6.4 A N 
284 441.96 35.39 8.01 5.23 22.0 104.9 A 9.3 A A 
285 424.5 36.10 8.50 1.07 4.5 106.5 A 9.7 A A 
288 404 22.00 5.45 -3.81 16.0 76.7 A 7.2 A A 
289 361 20.00 5.54 -14.05 59.0 73.0 A 7.3 A A 
290 380 28.00 7.37 -9.52 40.0 88.8 A 8.8 A A 
292 440 20.00 4.55 4.76 20.0 73.0 A 6.6 A A 
293 440 20.00 4.55 4.76 20.0 73.0 A 6.6 A A 
294 418 21.00 5.02 -0.48 2.0 74.8 A 6.9 A A 
295 128 15.60 12.19 -69.52 292.0 65.4 N 13.1 A N 
296 314 25.00 7.96 -25.24 106.0 82.6 N 9.3 A N 
297 341 25.00 7.33 -18.81 79.0 82.6 A 8.7 A A 
299 317 35.00 11.04 -24.52 103.0 104.0 A 12.0 A A 
300 305 58.00 19.02 -27.38 115.0 158.3 A 19.6 A A 
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Performance evaluation of Pb-210 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 420 ± 20 [Bq/kg] 

Radiochemical methods 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
26 410 61.5 15.00 -3.30 14.0 166.8 A 15.7 A A 
30 547 55 10.05 29.01 123.0 151.0 A 11.1 A A 
71 381 11.3 2.97 -10.14 43.0 59.3 A 5.6 A A 
77 433 19.05 4.39 2.24 9.5 71.3 A 6.4 A A 
78 811 11 1.36 91.27 387.0 58.9 N 4.9 A N 
80 530 20 3.77 25.00 106.0 73.0 N 6.0 A N 
86 431 14 3.25 1.65 7.0 63.0 A 5.7 A A 
114 460 60 13.04 8.49 36.0 163.2 A 13.9 A A 
120 437 14.4 3.29 3.18 13.5 63.6 A 5.8 A A 
125 500 54 10.80 17.92 76.0 148.6 A 11.8 A A 
150 821 48.12 5.86 93.70 397.3 134.4 N 7.5 A N 
151 455 10.8 2.37 7.43 31.5 58.6 A 5.3 A A 
152 400 20 5.00 -5.66 24.0 73.0 A 6.9 A A 
172 427 6 1.41 0.71 3.0 53.9 A 4.9 A A 
216 399 13 3.26 -5.90 25.0 61.5 A 5.7 A A 
236 435 13 2.99 2.59 11.0 61.5 A 5.6 A A 
260 412 49.5 12.01 -2.83 12.0 137.7 A 12.9 A A 
264 455 21.5 4.73 7.31 31.0 75.8 A 6.7 A A 
265 402 9.46 2.35 -5.19 22.0 57.1 A 5.3 A A 
267 61 15 24.59 -85.61 363.0 64.5 N 25.0 N N 
299 316 35 11.08 -25.47 108.0 104.0 N 12.0 A N 
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Performance evaluation of Po-210 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 423 ± 10 [Bq/kg] 
 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
10 421.92 11.78 2.79 -0.26 1.1 39.9 A 3.7 A A 
12 413 13 3.15 -2.36 10.0 42.3 A 3.9 A A 
26 435.63 18.42 4.23 2.99 12.6 54.1 A 4.8 A A 
32 155.4 5.8 3.73 -63.26 267.6 29.8 N 4.4 A N 
36 395 50 12.66 -6.62 28.0 131.6 A 12.9 A A 
39 414 25 6.04 -2.13 9.0 69.5 A 6.5 A A 
41 539 25 4.64 27.42 116.0 69.5 N 5.2 A N 
52 393 26 6.62 -7.09 30.0 71.9 A 7.0 A A 
60 359 26 7.24 -15.13 64.0 71.9 A 7.6 A A 
70 1440 220 15.28 240.43 1017.0 568.2 N 15.5 A N 
71 383 8.75 2.28 -9.46 40.0 34.3 N 3.3 A W 
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Laboratory code

Po-210 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
74 425 15 3.53 0.47 2.0 46.5 A 4.2 A A 
76 316 12 3.80 -25.30 107.0 40.3 N 4.5 A N 
77 433.3 10.6 2.45 2.43 10.3 37.6 A 3.4 A A 
78 680 58.5 8.60 60.76 257.0 153.1 N 8.9 A N 
80 525 20 3.81 24.11 102.0 57.7 N 4.5 A N 
82 356.62 6.21 1.74 -15.69 66.4 30.4 N 2.9 A W 
83 197.71 20.85 10.55 -53.26 225.3 59.7 N 10.8 A N 
86 465 12 2.58 9.93 42.0 40.3 N 3.5 A W 
88 426 23 5.40 0.71 3.0 64.7 A 5.9 A A 
93 460 57.5 12.50 8.75 37.0 150.6 A 12.7 A A 
95 634 57 8.99 49.88 211.0 149.3 N 9.3 A N 
98 361.73 9.56 2.64 -14.48 61.3 35.7 N 3.5 A W 

111 745.6 6.59 0.88 76.26 322.6 30.9 N 2.5 A N 
114 340 80 23.53 -19.62 83.0 208.0 A 23.6 N W 
122 420 12 2.86 -0.71 3.0 40.3 A 3.7 A A 
125 0.6 0.6 100.00 -99.86 422.4 25.8 N 100.0 N N 
133 430 15 3.49 1.65 7.0 46.5 A 4.2 A A 
138 600 29 4.83 41.84 177.0 79.1 N 5.4 A N 
141 183.1 4.54 2.48 -56.71 239.9 28.3 N 3.4 A N 
145 771.98 11 1.42 82.50 349.0 38.4 N 2.8 A N 
150 821.28 48.12 5.86 94.16 398.3 126.8 N 6.3 A N 
151 455.51 11.37 2.50 7.69 32.5 39.1 A 3.4 A A 
152 398 15 3.77 -5.91 25.0 46.5 A 4.4 A A 
156 462.1 36.69 7.94 9.24 39.1 98.1 A 8.3 A A 
166 436 40 9.17 3.07 13.0 106.4 A 9.5 A A 
167 381.21 24.76 6.50 -9.88 41.8 68.9 A 6.9 A A 
175 425 16 3.76 0.47 2.0 48.7 A 4.4 A A 
181 186.37 8.48 4.55 -55.94 236.6 33.8 N 5.1 A N 
191 391.87 26.03 6.64 -7.36 31.1 71.9 A 7.1 A A 
199 282.6 10.7 3.79 -33.19 140.4 37.8 N 4.5 A N 
200 485 35 7.22 14.66 62.0 93.9 A 7.6 A A 
207 350 19 5.43 -17.26 73.0 55.4 N 5.9 A W 
210 334 36 10.78 -21.04 89.0 96.4 A 11.0 A A 
216 399 13 3.26 -5.67 24.0 42.3 A 4.0 A A 
232 400 6.1 1.53 -5.44 23.0 30.2 A 2.8 A A 
236 406 20 4.93 -4.02 17.0 57.7 A 5.5 A A 
246 477.7 3.21 0.67 12.93 54.7 27.1 N 2.5 A W 
251 885.8 59.2 6.68 109.41 462.8 154.9 N 7.1 A N 
256 428 24 5.61 1.18 5.0 67.1 A 6.1 A A 
257 408.4 7.6 1.86 -3.45 14.6 32.4 A 3.0 A A 
260 420 54.6 13.00 -0.71 3.0 143.2 A 13.2 A A 
264 561 25.3 4.51 32.62 138.0 70.2 N 5.1 A N 
265 532.4 11.2 2.10 25.86 109.4 38.7 N 3.2 A N 
267 61 15 24.59 -85.58 362.0 46.5 N 24.7 N N 
272 819.2 11.6 1.42 93.66 396.2 39.5 N 2.8 A N 
276 290 40 13.79 -31.44 133.0 106.4 N 14.0 A N 
297 420 20 4.76 -0.71 3.0 57.7 A 5.3 A A 
299 434 52 11.98 2.60 11.0 136.6 A 12.2 A A 
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Performance evaluation of Pb-212 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 37.0 ± 1.5 [Bq/kg] 
 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 34.03 3.57 10.49 -8.03 3.0 10.0 A 11.2 A A 
3 39 5 12.82 5.41 2.0 13.5 A 13.4 A A 
5 35 2.5 7.14 -5.41 2.0 7.5 A 8.2 A A 
6 38.6 2.3 5.96 4.32 1.6 7.1 A 7.2 A A 
7 36.16 1.24 3.43 -2.27 0.8 5.0 A 5.3 A A 
10 37.27 1.12 3.01 0.73 0.3 4.8 A 5.0 A A 
11 34.4 3.4 9.88 -7.03 2.6 9.6 A 10.7 A A 
12 39 4 10.26 5.41 2.0 11.0 A 11.0 A A 
13 29.26 1.29 4.41 -20.92 7.7 5.1 N 6.0 A N 
14 233 6.91 2.97 529.73 196.0 18.2 N 5.0 A N 
15 26.83 3.63 13.53 -27.49 10.2 10.1 N 14.1 A N 
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Pb-212 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
16 36.9 0.9 2.44 -0.27 0.1 4.5 A 4.7 A A 
17 36.1 0.8 2.22 -2.43 0.9 4.4 A 4.6 A A 
18 37.9 0.6 1.58 2.43 0.9 4.2 A 4.4 A A 
19 39.5 0.9 2.28 6.76 2.5 4.5 A 4.7 A A 
20 37.3 0.6 1.61 0.81 0.3 4.2 A 4.4 A A 
22 38.1 0.7 1.84 2.97 1.1 4.3 A 4.5 A A 
23 38.4 1.8 4.69 3.78 1.4 6.0 A 6.2 A A 
24 38.3 0.7 1.83 3.51 1.3 4.3 A 4.4 A A 
25 22.13 2.11 9.53 -40.19 14.9 6.7 N 10.4 A N 
26 35.83 4.23 11.81 -3.16 1.2 11.6 A 12.5 A A 
27 30.138 6.116 20.29 -18.55 6.9 16.2 A 20.7 N W 
29 42.8 3.3 7.71 15.68 5.8 9.4 A 8.7 A A 
30 38.4 1.7 4.43 3.78 1.4 5.8 A 6.0 A A 
31 39.7 2.5 6.30 7.30 2.7 7.5 A 7.5 A A 
32 40.4 2.2 5.45 9.19 3.4 6.9 A 6.8 A A 
34 33 4 12.12 -10.81 4.0 11.0 A 12.8 A A 
39 33 3 9.09 -10.81 4.0 8.7 A 10.0 A A 
40 38.9 2.1 5.40 5.14 1.9 6.7 A 6.8 A A 
41 35 1.5 4.29 -5.41 2.0 5.5 A 5.9 A A 
42 39 3 7.69 5.41 2.0 8.7 A 8.7 A A 
44 34.04 2.04 5.99 -8.00 3.0 6.5 A 7.2 A A 
45 34.9 1.3 3.72 -5.68 2.1 5.1 A 5.5 A A 
46 35.9 1.5 4.18 -2.97 1.1 5.5 A 5.8 A A 
47 36.3 1.5 4.13 -1.89 0.7 5.5 A 5.8 A A 
50 36.6 3.7 10.11 -1.08 0.4 10.3 A 10.9 A A 
51 44.8 5.2 11.61 21.08 7.8 14.0 A 12.3 A A 
52 33 2 6.06 -10.81 4.0 6.5 A 7.3 A A 
53 38.4 1.4 3.65 3.78 1.4 5.3 A 5.5 A A 
54 40.1 6 14.96 8.38 3.1 16.0 A 15.5 A A 
55 38 2.3 6.05 2.70 1.0 7.1 A 7.3 A A 
56 42 2.5 5.95 13.51 5.0 7.5 A 7.2 A A 
57 37.5 3.2 8.53 1.35 0.5 9.1 A 9.4 A A 
58 41.3 1.8 4.36 11.62 4.3 6.0 A 6.0 A A 
59 41.1 2 4.87 11.08 4.1 6.5 A 6.3 A A 
60 34.5 1.3 3.77 -6.76 2.5 5.1 A 5.5 A A 
62 36.4 1.63 4.48 -1.62 0.6 5.7 A 6.0 A A 
63 40.48 1.1 2.72 9.41 3.5 4.8 A 4.9 A A 
64 37.83 1.34 3.54 2.24 0.8 5.2 A 5.4 A A 
65 39.6 1.74 4.39 7.03 2.6 5.9 A 6.0 A A 
70 32 5 15.63 -13.51 5.0 13.5 A 16.1 A A 
71 37.5 1.3 3.47 1.35 0.5 5.1 A 5.3 A A 
72 37 0.43 1.16 0.00 0.0 4.0 A 4.2 A A 
73 40 2.2 5.50 8.11 3.0 6.9 A 6.8 A A 
77 34.97 0.76 2.17 -5.49 2.0 4.3 A 4.6 A A 
78 50.9 2.54 4.99 37.57 13.9 7.6 N 6.4 A N 
80 37.9 2.9 7.65 2.43 0.9 8.4 A 8.7 A A 
81 37 1.7 4.59 0.00 0.0 5.8 A 6.1 A A 
82 32.1 0.8 2.49 -13.24 4.9 4.4 N 4.8 A W 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
83 40.49 3.37 8.32 9.43 3.5 9.5 A 9.3 A A 
86 32 2 6.25 -13.51 5.0 6.5 A 7.4 A A 
87 37.6 1 2.66 1.62 0.6 4.7 A 4.8 A A 
88 31 2 6.45 -16.22 6.0 6.5 A 7.6 A A 
90 38.4 1.55 4.04 3.78 1.4 5.6 A 5.7 A A 
91 38 3 7.89 2.70 1.0 8.7 A 8.9 A A 
92 39.6 1.9 4.80 7.03 2.6 6.2 A 6.3 A A 
93 43.6 1.3 2.98 17.84 6.6 5.1 N 5.0 A W 
95 31 3.9 12.58 -16.22 6.0 10.8 A 13.2 A A 
99 38.9 1 2.57 5.14 1.9 4.7 A 4.8 A A 

100 50 20 40.00 35.14 13.0 51.7 A 40.2 N N 
101 41.2 4.2 10.19 11.35 4.2 11.5 A 11.0 A A 
109 90.4 6.4 7.08 144.32 53.4 17.0 N 8.2 A N 
111 38.91 2.06 5.29 5.16 1.9 6.6 A 6.7 A A 
112 37.3 1.1 2.95 0.81 0.3 4.8 A 5.0 A A 
113 35.96 0.97 2.70 -2.81 1.0 4.6 A 4.9 A A 
114 40 3 7.50 8.11 3.0 8.7 A 8.5 A A 
115 32.1 2.6 8.10 -13.24 4.9 7.7 A 9.1 A A 
118 39.9 1.55 3.88 7.84 2.9 5.6 A 5.6 A A 
119 39.9 3.4 8.52 7.84 2.9 9.6 A 9.4 A A 
120 37.3 1.1 2.95 0.81 0.3 4.8 A 5.0 A A 
122 36.6 1.5 4.10 -1.08 0.4 5.5 A 5.8 A A 
123 36.6 1.4 3.83 -1.08 0.4 5.3 A 5.6 A A 
124 34.96 1.59 4.55 -5.51 2.0 5.6 A 6.1 A A 
125 40.7 4.4 10.81 10.00 3.7 12.0 A 11.5 A A 
127 41.2 1.8 4.37 11.35 4.2 6.0 A 6.0 A A 
130 37 1.2 3.24 0.00 0.0 5.0 A 5.2 A A 
131 47.39 3.38 7.13 28.08 10.4 9.5 N 8.2 A N 
132 42.04 1.476 3.51 13.62 5.0 5.4 A 5.4 A A 
133 37.9 2.1 5.54 2.43 0.9 6.7 A 6.9 A A 
134 37.3 1.01 2.71 0.81 0.3 4.7 A 4.9 A A 
136 38.86 1.72 4.43 5.03 1.9 5.9 A 6.0 A A 
138 35 3 8.57 -5.41 2.0 8.7 A 9.5 A A 
140 19.4 0.84 4.33 -47.57 17.6 4.4 N 5.9 A N 
142 48.11 0.017 0.04 30.03 11.1 3.9 N 4.1 A N 
143 31.71 2.71 8.55 -14.30 5.3 8.0 A 9.5 A A 
150 48 2.2 4.58 29.73 11.0 6.9 N 6.1 A N 
151 60 1.8 3.00 62.16 23.0 6.0 N 5.0 A N 
152 60 2 3.33 62.16 23.0 6.5 N 5.2 A N 
153 40.69 3.29 8.09 9.97 3.7 9.3 A 9.0 A A 
154 38.7 2.4 6.20 4.59 1.7 7.3 A 7.4 A A 
155 34 3 8.82 -8.11 3.0 8.7 A 9.7 A A 
157 31.8 4.7 14.78 -14.05 5.2 12.7 A 15.3 A A 
159 35.9 1 2.79 -2.97 1.1 4.7 A 4.9 A A 
160 32.54 5.01 15.40 -12.05 4.5 13.5 A 15.9 A A 
161 40.65 3.7 9.10 9.86 3.7 10.3 A 10.0 A A 
163 34.7 2.2 6.34 -6.22 2.3 6.9 A 7.5 A A 
164 38.373 1.821 4.75 3.71 1.4 6.1 A 6.2 A A 
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Lab 
code 

Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
165 25.9 2 7.72 -30.00 11.1 6.5 N 8.7 A N 
168 33 1.1 3.33 -10.81 4.0 4.8 A 5.2 A A 
169 37.8 3.6 9.52 2.16 0.8 10.1 A 10.4 A A 
170 37 3 8.11 0.00 0.0 8.7 A 9.1 A A 
171 43.6 2.1 4.82 17.84 6.6 6.7 A 6.3 A A 
172 37.1 1.2 3.23 0.27 0.1 5.0 A 5.2 A A 
173 39.98 1.92 4.80 8.05 3.0 6.3 A 6.3 A A 
174 35.6 2.2 6.18 -3.78 1.4 6.9 A 7.4 A A 
175 38.6 2.6 6.74 4.32 1.6 7.7 A 7.9 A A 
177 31 1.2 3.87 -16.22 6.0 5.0 N 5.6 A W 
178 34.99 2.2 6.29 -5.43 2.0 6.9 A 7.5 A A 
179 35.17 1 2.84 -4.95 1.8 4.7 A 5.0 A A 
181 32.24 0.46 1.43 -12.86 4.8 4.0 N 4.3 A W 
185 37.9 5.5 14.51 2.43 0.9 14.7 A 15.1 A A 
191 31.83 1.32 4.15 -13.97 5.2 5.2 N 5.8 A W 
193 41 2 4.88 10.81 4.0 6.5 A 6.3 A A 
195 38.1 2.6 6.82 2.97 1.1 7.7 A 7.9 A A 
199 36.9 1.1 2.98 -0.27 0.1 4.8 A 5.0 A A 
200 39.9 2 5.01 7.84 2.9 6.5 A 6.4 A A 
201 30.11 1.36 4.52 -18.62 6.9 5.2 N 6.1 A W 
202 52.54 30.49 58.03 42.00 15.5 78.8 A 58.2 N N 
205 39.22 2.32 5.92 6.00 2.2 7.1 A 7.2 A A 
209 26.45 0.82 3.10 -28.51 10.6 4.4 N 5.1 A N 
210 29 1.7 5.86 -21.62 8.0 5.8 N 7.1 A N 
211 36.4 1.8 4.95 -1.62 0.6 6.0 A 6.4 A A 
215 34.61 1.34 3.87 -6.46 2.4 5.2 A 5.6 A A 
216 40.3 1 2.48 8.92 3.3 4.7 A 4.8 A A 
217 40.09 2.29 5.71 8.35 3.1 7.1 A 7.0 A A 
218 35.454 0.306 0.86 -4.18 1.5 3.9 A 4.1 A A 
219 35.8 1.7 4.75 -3.24 1.2 5.8 A 6.2 A A 
220 36.81 2.5 6.79 -0.51 0.2 7.5 A 7.9 A A 
221 37.8 2.1 5.56 2.16 0.8 6.7 A 6.9 A A 
223 25.36 3.6 14.20 -31.46 11.6 10.1 N 14.8 A N 
227 35.63 2.28 6.40 -3.70 1.4 7.0 A 7.6 A A 
233 42.5 3.8 8.94 14.86 5.5 10.5 A 9.8 A A 
234 32.5 1.97 6.06 -12.16 4.5 6.4 A 7.3 A A 
235 34.63 1.41 4.07 -6.41 2.4 5.3 A 5.7 A A 
236 37.1 1.2 3.23 0.27 0.1 5.0 A 5.2 A A 
237 36.7 1.2 3.27 -0.81 0.3 5.0 A 5.2 A A 
238 36.9 0.8 2.17 -0.27 0.1 4.4 A 4.6 A A 
239 39.2 1.6 4.08 5.95 2.2 5.7 A 5.8 A A 
241 34.1 2.8 8.21 -7.84 2.9 8.2 A 9.2 A A 
244 33.1 1.72 5.20 -10.54 3.9 5.9 A 6.6 A A 
246 21.7 0.77 3.55 -41.35 15.3 4.4 N 5.4 A N 
251 39.33 3.82 9.71 6.30 2.3 10.6 A 10.5 A A 
252 36.7 1 2.72 -0.81 0.3 4.7 A 4.9 A A 
253 34 2 5.88 -8.11 3.0 6.5 A 7.1 A A 
255 34.2 0.5 1.46 -7.57 2.8 4.1 A 4.3 A A 
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Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
258 32.7 2.62 8.01 -11.62 4.3 7.8 A 9.0 A A 
259 32.86 1.99 6.06 -11.19 4.1 6.4 A 7.3 A A 
260 43.4 3.8 8.76 17.30 6.4 10.5 A 9.6 A A 
261 39 3.1 7.95 5.41 2.0 8.9 A 8.9 A A 
263 40.3 3.8 9.43 8.92 3.3 10.5 A 10.3 A A 
265 36.9 2.18 5.91 -0.27 0.1 6.8 A 7.2 A A 
267 37.2 2.6 6.99 0.54 0.2 7.7 A 8.1 A A 
268 41.5 1.1 2.65 12.16 4.5 4.8 A 4.8 A A 
269 35.9 2.6 7.24 -2.97 1.1 7.7 A 8.3 A A 
272 37.9 5.27 13.91 2.43 0.9 14.1 A 14.5 A A 
274 39.6 1.3 3.28 7.03 2.6 5.1 A 5.2 A A 
275 39.72 1.47 3.70 7.35 2.7 5.4 A 5.5 A A 
277 46.35 1.02 2.20 25.27 9.4 4.7 N 4.6 A N 
279 30.2 14.2 47.02 -18.38 6.8 36.8 A 47.2 N W 
284 33.49 2.71 8.09 -9.49 3.5 8.0 A 9.1 A A 
285 35.1 2.8 7.98 -5.14 1.9 8.2 A 8.9 A A 
288 44.3 3.645 8.23 19.73 7.3 10.2 A 9.2 A A 
290 35.1 3.03 8.63 -5.14 1.9 8.7 A 9.5 A A 
292 31 2.415 7.79 -16.22 6.0 7.3 A 8.8 A A 
293 31 1.8 5.81 -16.22 6.0 6.0 A 7.1 A A 
294 32 1.185 3.70 -13.51 5.0 4.9 N 5.5 A W 
297 40.5 0.57 1.41 9.46 3.5 4.1 A 4.3 A A 
299 37.9 -0.045 -0.12 2.43 0.9 3.9 A 4.1 A A 
300 33 -0.66 -2.00 -10.81 4.0 4.2 A 4.5 A A 
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Performance evaluation of Pb-214 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 26.0 ± 2.0 [Bq/kg] 
  

 
 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 22.87 2.4 10.49 -12.04 3.1 8.1 A 13.0 A A 
3 24 4 16.67 -7.69 2.0 11.5 A 18.4 A A 
5 23 2 8.70 -11.54 3.0 7.3 A 11.6 A A 
6 26.8 1.5 5.60 3.08 0.8 6.5 A 9.5 A A 
7 23.12 0.8 3.46 -11.08 2.9 5.6 A 8.4 A A 
10 25.72 0.75 2.92 -1.08 0.3 5.5 A 8.2 A A 
11 21.9 2.4 10.96 -15.77 4.1 8.1 A 13.4 A A 
12 21 2 9.52 -19.23 5.0 7.3 A 12.2 A A 
13 27.61 2.03 7.35 6.19 1.6 7.4 A 10.6 A A 
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Pb-214 in moss-soil
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
14 16.1 4.11 25.53 -38.08 9.9 11.8 A 26.7 N N 
15 16.1 1.99 12.36 -38.08 9.9 7.3 N 14.6 A N 
16 21.5 0.7 3.26 -17.31 4.5 5.5 A 8.4 A A 
17 19.3 3.1 16.06 -25.77 6.7 9.5 A 17.8 A A 
18 21.5 0.5 2.33 -17.31 4.5 5.3 A 8.0 A A 
19 25.1 0.7 2.79 -3.46 0.9 5.5 A 8.2 A A 
20 21.6 0.5 2.31 -16.92 4.4 5.3 A 8.0 A A 
22 22.5 0.3 1.33 -13.46 3.5 5.2 A 7.8 A A 
23 25.7 1 3.89 -1.15 0.3 5.8 A 8.6 A A 
24 22.7 0.5 2.20 -12.69 3.3 5.3 A 8.0 A A 
25 4.06 0.73 17.98 -84.38 21.9 5.5 N 19.6 A N 
26 19 2.65 13.95 -26.92 7.0 8.6 A 15.9 A A 
27 26.737 4.928 18.43 2.83 0.7 13.7 A 20.0 A A 
29 26.4 2.4 9.09 1.54 0.4 8.1 A 11.9 A A 
30 19.9 1.1 5.53 -23.46 6.1 5.9 N 9.5 A N 
31 27.9 2.1 7.53 7.31 1.9 7.5 A 10.8 A A 
32 22.2 1.1 4.95 -14.62 3.8 5.9 A 9.2 A A 
34 28 2 7.14 7.69 2.0 7.3 A 10.5 A A 
36 19.4 2 10.31 -25.38 6.6 7.3 A 12.9 A A 
37 21.36 1.37 6.41 -17.85 4.6 6.3 A 10.0 A A 
39 22 5 22.73 -15.38 4.0 13.9 A 24.0 N W 
40 20.8 1.6 7.69 -20.00 5.2 6.6 A 10.9 A A 
41 21 2 9.52 -19.23 5.0 7.3 A 12.2 A A 
42 23 2 8.70 -11.54 3.0 7.3 A 11.6 A A 
43 22.3 1.6 7.17 -14.23 3.7 6.6 A 10.5 A A 
44 22.61 0.98 4.33 -13.04 3.4 5.7 A 8.8 A A 
45 26.2 0.9 3.44 0.77 0.2 5.7 A 8.4 A A 
46 23.2 1 4.31 -10.77 2.8 5.8 A 8.8 A A 
47 25.3 1.8 7.11 -2.69 0.7 6.9 A 10.5 A A 
50 28.2 2.8 9.93 8.46 2.2 8.9 A 12.6 A A 
51 28.4 2.6 9.15 9.23 2.4 8.5 A 12.0 A A 
52 19 3 15.79 -26.92 7.0 9.3 A 17.6 A A 
53 22.1 0.9 4.07 -15.00 3.9 5.7 A 8.7 A A 
54 22.6 3 13.27 -13.08 3.4 9.3 A 15.3 A A 
55 25.2 1.5 5.95 -3.08 0.8 6.5 A 9.7 A A 
56 24 2 8.33 -7.69 2.0 7.3 A 11.3 A A 
57 20.8 1.52 7.31 -20.00 5.2 6.5 A 10.6 A A 
59 36 2 5.56 38.46 10.0 7.3 N 9.5 A N 
60 23.7 0.6 2.53 -8.85 2.3 5.4 A 8.1 A A 
61 21.1 1.3 6.16 -18.85 4.9 6.2 A 9.9 A A 
62 24.3 1.25 5.14 -6.54 1.7 6.1 A 9.3 A A 
63 26.77 1.79 6.69 2.96 0.8 6.9 A 10.2 A A 
65 25.5 1.12 4.39 -1.92 0.5 5.9 A 8.9 A A 
70 27 5 18.52 3.85 1.0 13.9 A 20.1 N W 
71 20.6 0.9 4.37 -20.77 5.4 5.7 A 8.8 A A 
72 19.84 0.7 3.53 -23.69 6.2 5.5 N 8.5 A N 
73 21.3 1.5 7.04 -18.08 4.7 6.5 A 10.4 A A 
74 3785 190 5.02 14457.

69
3759.0 490.2 N 9.2 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
76 21.5 1.4 6.51 -17.31 4.5 6.3 A 10.1 A A 
77 19.82 0.59 2.98 -23.77 6.2 5.4 N 8.2 A N 
78 18.8 2.55 13.56 -27.69 7.2 8.4 A 15.6 A A 
79 26.5 2.7 10.19 1.92 0.5 8.7 A 12.8 A A 
80 20.6 3.9 18.93 -20.77 5.4 11.3 A 20.4 N N 
81 35.4 3.7 10.45 36.15 9.4 10.9 A 13.0 A A 
82 17.01 0.95 5.58 -34.58 9.0 5.7 N 9.5 A N 
83 18.74 3.08 16.44 -27.92 7.3 9.5 A 18.1 A A 
84 22.8 2.7 11.84 -12.31 3.2 8.7 A 14.1 A A 
85 22.7 0.9 3.96 -12.69 3.3 5.7 A 8.7 A A 
86 24 2 8.33 -7.69 2.0 7.3 A 11.3 A A 
87 23.1 0.8 3.46 -11.15 2.9 5.6 A 8.4 A A 
88 19 2 10.53 -26.92 7.0 7.3 A 13.0 A A 
89 33.23 3.2 9.63 27.81 7.2 9.7 A 12.3 A A 
90 21.6 2.14 9.91 -16.92 4.4 7.6 A 12.5 A A 
91 20.2 1.9 9.41 -22.31 5.8 7.1 A 12.2 A A 
92 23.4 1.2 5.13 -10.00 2.6 6.0 A 9.2 A A 
93 28.3 2.4 8.48 8.85 2.3 8.1 A 11.4 A A 
94 25.5 4.1 16.08 -1.92 0.5 11.8 A 17.8 A A 
95 19.2 2.6 13.54 -26.15 6.8 8.5 A 15.6 A A 
99 23.4 1.7 7.26 -10.00 2.6 6.8 A 10.6 A A 

101 27.4 2.9 10.58 5.38 1.4 9.1 A 13.1 A A 
109 62.1 4.5 7.25 138.85 36.1 12.7 N 10.6 A N 
110 26.6 2 7.52 2.31 0.6 7.3 A 10.8 A A 
111 20.09 2.26 11.25 -22.73 5.9 7.8 A 13.6 A A 
112 26.4 1.1 4.17 1.54 0.4 5.9 A 8.7 A A 
113 22.75 1.16 5.10 -12.50 3.3 6.0 A 9.2 A A 
114 22 2 9.09 -15.38 4.0 7.3 A 11.9 A A 
115 25 3.3 13.20 -3.85 1.0 10.0 A 15.3 A A 
118 22.8 0.75 3.29 -12.31 3.2 5.5 A 8.4 A A 
119 24.7 1.8 7.29 -5.00 1.3 6.9 A 10.6 A A 
120 26.4 1.1 4.17 1.54 0.4 5.9 A 8.7 A A 
121 26 5.75 22.12 0.00 0.0 15.7 A 23.4 N W 
122 22.9 0.9 3.93 -11.92 3.1 5.7 A 8.6 A A 
123 25.6 2.2 8.59 -1.54 0.4 7.7 A 11.5 A A 
124 20.07 0.95 4.73 -22.81 5.9 5.7 N 9.0 A N 
125 21.2 1.9 8.96 -18.46 4.8 7.1 A 11.8 A A 
126 11.9 1.8 15.13 -54.23 14.1 6.9 N 17.0 A N 
127 25.3 1.4 5.53 -2.69 0.7 6.3 A 9.5 A A 
130 24.9 2 8.03 -4.23 1.1 7.3 A 11.1 A A 
131 25.4 2.07 8.15 -2.31 0.6 7.4 A 11.2 A A 
132 25.29 1.386 5.48 -2.73 0.7 6.3 A 9.4 A A 
133 27.7 2.1 7.58 6.54 1.7 7.5 A 10.8 A A 
134 24.3 0.86 3.54 -6.54 1.7 5.6 A 8.5 A A 
136 23.26 1.34 5.76 -10.54 2.7 6.2 A 9.6 A A 
137 488.94 4.21 0.86 1780.5

4
462.9 12.0 N 7.7 A N 

140 26.3 1.05 3.99 1.15 0.3 5.8 A 8.7 A A 
141 26.9 2.2 8.18 3.46 0.9 7.7 A 11.2 A A 
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Rel. 
Bias A1 A2 True P Prec Final 

Score 
142 35.63 0.011 0.03 37.04 9.6 5.2 N 7.7 A N 
143 19.06 1.1 5.77 -26.69 6.9 5.9 N 9.6 A N 
144 22.78 1.34 5.88 -12.38 3.2 6.2 A 9.7 A A 
146 17.08 1.86 10.89 -34.31 8.9 7.0 N 13.3 A N 
150 46.96 2.4 5.11 80.62 21.0 8.1 N 9.2 A N 
151 34 0.8 2.35 30.77 8.0 5.6 N 8.0 A N 
152 35 3 8.57 34.62 9.0 9.3 A 11.5 A A 
153 24.16 2.5 10.35 -7.08 1.8 8.3 A 12.9 A A 
154 22 1.4 6.36 -15.38 4.0 6.3 A 10.0 A A 
155 22 2 9.09 -15.38 4.0 7.3 A 11.9 A A 
157 24.4 1.8 7.38 -6.15 1.6 6.9 A 10.7 A A 
159 25.4 0.5 1.97 -2.31 0.6 5.3 A 7.9 A A 
160 23.8 2.52 10.59 -8.46 2.2 8.3 A 13.1 A A 
161 25.29 1.01 3.99 -2.73 0.7 5.8 A 8.7 A A 
163 19.5 1.4 7.18 -25.00 6.5 6.3 N 10.5 A N 
164 24.97 1.984 7.95 -3.96 1.0 7.3 A 11.1 A A 
165 15.3 0.9 5.88 -41.15 10.7 5.7 N 9.7 A N 
166 21.93 1.82 8.30 -15.65 4.1 7.0 A 11.3 A A 
168 20.6 0.6 2.91 -20.77 5.4 5.4 N 8.2 A N 
169 26 1.3 5.00 0.00 0.0 6.2 A 9.2 A A 
170 21 2 9.52 -19.23 5.0 7.3 A 12.2 A A 
171 34.1 1.4 4.11 31.15 8.1 6.3 N 8.7 A N 
172 23.5 1.7 7.23 -9.62 2.5 6.8 A 10.6 A A 
173 21.84 1.31 6.00 -16.00 4.2 6.2 A 9.8 A A 
174 10.7 1.1 10.28 -58.85 15.3 5.9 N 12.8 A N 
175 27 1.7 6.30 3.85 1.0 6.8 A 9.9 A A 
176 19.7 1.2 6.09 -24.23 6.3 6.0 N 9.8 A N 
177 22.2 0.9 4.05 -14.62 3.8 5.7 A 8.7 A A 
178 23.81 1.1 4.62 -8.42 2.2 5.9 A 9.0 A A 
179 21.21 0.7 3.30 -18.42 4.8 5.5 A 8.4 A A 
181 19.83 0.34 1.71 -23.73 6.2 5.2 N 7.9 A N 
183 24.1 7 29.05 -7.31 1.9 18.8 A 30.0 N W 
185 13.6 2 14.71 -47.69 12.4 7.3 N 16.6 A N 
190 25.45 4.04 15.87 -2.12 0.6 11.6 A 17.6 A A 
191 23.16 1.19 5.14 -10.92 2.8 6.0 A 9.3 A A 
192 25 3 12.00 -3.85 1.0 9.3 A 14.3 A A 
193 22 2 9.09 -15.38 4.0 7.3 A 11.9 A A 
194 26 3 11.54 0.00 0.0 9.3 A 13.9 A A 
195 31.78 2.24 7.05 22.23 5.8 7.7 A 10.4 A A 
197 69.5 2.83 4.07 167.31 43.5 8.9 N 8.7 A N 
199 27.7 1.5 5.42 6.54 1.7 6.5 A 9.4 A A 
200 27.2 1.3 4.78 4.62 1.2 6.2 A 9.1 A A 
201 30.08 1.48 4.92 15.69 4.1 6.4 A 9.1 A A 
202 89.43 31.02 34.69 243.96 63.4 80.2 A 35.5 N N 
205 23.73 2.37 9.99 -8.73 2.3 8.0 A 12.6 A A 
206 34.32 2.03 5.91 32.00 8.3 7.4 N 9.7 A N 
208 18.6 3.3 17.74 -28.46 7.4 10.0 A 19.3 A A 
209 21.65 1.16 5.36 -16.73 4.4 6.0 A 9.4 A A 
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Rel. 
Bias A1 A2 True P Prec Final 

Score 
210 23 1.5 6.52 -11.54 3.0 6.5 A 10.1 A A 
211 19.9 1 5.03 -23.46 6.1 5.8 N 9.2 A N 
215 19.35 1 5.17 -25.58 6.7 5.8 N 9.3 A N 
216 28.5 0.98 3.44 9.62 2.5 5.7 A 8.4 A A 
217 22.2 1.15 5.18 -14.62 3.8 6.0 A 9.3 A A 
218 22.597 0.43 1.90 -13.09 3.4 5.3 A 7.9 A A 
219 22 1.1 5.00 -15.38 4.0 5.9 A 9.2 A A 
220 22.72 1.8 7.92 -12.62 3.3 6.9 A 11.0 A A 
221 22.01 1.6 7.27 -15.35 4.0 6.6 A 10.6 A A 
223 14.94 1.7 11.38 -42.54 11.1 6.8 N 13.7 A N 
225 237.6 44 18.52 813.85 211.6 113.6 N 20.1 N N 
227 19.73 1.14 5.78 -24.12 6.3 5.9 N 9.6 A N 
230 36.52 2.88 7.89 40.46 10.5 9.0 N 11.0 A N 
233 20 1.9 9.50 -23.08 6.0 7.1 A 12.2 A A 
234 17.5 1.82 10.40 -32.69 8.5 7.0 N 12.9 A N 
235 18.13 5.54 30.56 -30.27 7.9 15.2 A 31.5 N N 
236 20.1 0.8 3.98 -22.69 5.9 5.6 N 8.7 A N 
237 21.7 2.2 10.14 -16.54 4.3 7.7 A 12.7 A A 
238 35.4 2.2 6.21 36.15 9.4 7.7 N 9.9 A N 
240 26 2 7.69 0.00 0.0 7.3 A 10.9 A A 
241 11.2 1.7 15.18 -56.92 14.8 6.8 N 17.0 A N 
242 23.91 1.02 4.27 -8.04 2.1 5.8 A 8.8 A A 
244 29.3 1.62 5.53 12.69 3.3 6.6 A 9.5 A A 
245 20.4 0.7 3.43 -21.54 5.6 5.5 N 8.4 A N 
246 16.5 1.8 10.91 -36.54 9.5 6.9 N 13.3 A N 
251 25.82 2.58 9.99 -0.69 0.2 8.4 A 12.6 A A 
252 22.9 0.7 3.06 -11.92 3.1 5.5 A 8.3 A A 
253 24 1 4.17 -7.69 2.0 5.8 A 8.7 A A 
254 22 1 4.55 -15.38 4.0 5.8 A 8.9 A A 
255 20.4 1.2 5.88 -21.54 5.6 6.0 A 9.7 A A 
257 21.5 1.4 6.51 -17.31 4.5 6.3 A 10.1 A A 
258 21.31 1.25 5.87 -18.04 4.7 6.1 A 9.7 A A 
259 21.24 1.29 6.07 -18.31 4.8 6.1 A 9.8 A A 
260 32 5 15.63 23.08 6.0 13.9 A 17.4 A A 
261 22 1.8 8.18 -15.38 4.0 6.9 A 11.2 A A 
263 28.6 2.5 8.74 10.00 2.6 8.3 A 11.6 A A 
264 20.4 1.44 7.06 -21.54 5.6 6.4 A 10.4 A A 
265 5.11 1.43 27.98 -80.35 20.9 6.3 N 29.0 N N 
267 20.1 2.4 11.94 -22.69 5.9 8.1 A 14.2 A A 
268 22.17 0.74 3.34 -14.73 3.8 5.5 A 8.4 A A 
269 23.5 3.7 15.74 -9.62 2.5 10.9 A 17.5 A A 
270 23.5 1.9 8.09 -9.62 2.5 7.1 A 11.2 A A 
271 62 5.6 9.03 138.46 36.0 15.3 N 11.9 A N 
272 28.4 1.86 6.55 9.23 2.4 7.0 A 10.1 A A 
273 36.7 11.1 30.25 41.15 10.7 29.1 A 31.2 N N 
274 24.3 0.8 3.29 -6.54 1.7 5.6 A 8.4 A A 
275 26.24 1.17 4.46 0.92 0.2 6.0 A 8.9 A A 
277 23.81 0.68 2.86 -8.42 2.2 5.5 A 8.2 A A 
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[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
278 21.7 2.4 11.06 -16.54 4.3 8.1 A 13.5 A A 
279 17.8 1.1 6.18 -31.54 8.2 5.9 N 9.9 A N 
283 30.93 1.1 3.56 18.96 4.9 5.9 A 8.5 A A 
284 30.36 2.49 8.20 16.77 4.4 8.2 A 11.2 A A 
285 29.9 2.45 8.19 15.00 3.9 8.2 A 11.2 A A 
288 29.6 1.6 5.41 13.85 3.6 6.6 A 9.4 A A 
289 21.7 1.8 8.29 -16.54 4.3 6.9 A 11.3 A A 
290 24.8 3.1 12.50 -4.62 1.2 9.5 A 14.7 A A 
292 27 2 7.41 3.85 1.0 7.3 A 10.7 A A 
293 27 2 7.41 3.85 1.0 7.3 A 10.7 A A 
294 19.3 0.9 4.66 -25.77 6.7 5.7 N 9.0 A N 
295 19.8 1.6 8.08 -23.85 6.2 6.6 A 11.2 A A 
296 20.6 2 9.71 -20.77 5.4 7.3 A 12.4 A A 
297 32.5 1 3.08 25.00 6.5 5.8 N 8.3 A N 
298 22.2 0.57 2.57 -14.62 3.8 5.4 A 8.1 A A 
299 21.8 2.8 12.84 -16.15 4.2 8.9 A 15.0 A A 
300 24.6 4.7 19.11 -5.38 1.4 13.2 A 20.6 N W 
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Performance evaluation of Bi-214 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 24.8 ± 2.0 [Bq/kg] 
  

 
 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 20.37 2.01 9.87 -17.86 4.4 7.3 A 12.7 A A 
3 24 4 16.67 -3.23 0.8 11.5 A 18.5 A A 
5 23 2 8.70 -7.26 1.8 7.3 A 11.9 A A 
6 24.2 1.5 6.20 -2.42 0.6 6.5 A 10.2 A A 
7 22.66 0.75 3.31 -8.63 2.1 5.5 A 8.7 A A 
10 25.39 0.82 3.23 2.38 0.6 5.6 A 8.7 A A 
11 21.1 2.9 13.74 -14.92 3.7 9.1 A 15.9 A A 
12 22 1 4.55 -11.29 2.8 5.8 A 9.3 A A 
13 23.39 2.05 8.76 -5.69 1.4 7.4 A 11.9 A A 
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Laboratory code

Bi-214 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
14 19.3 1.99 10.31 -22.18 5.5 7.3 A 13.1 A A 
15 20.67 2.2 10.64 -16.65 4.1 7.7 A 13.4 A A 
16 20.5 0.6 2.93 -17.34 4.3 5.4 A 8.6 A A 
17 20 4.8 24.00 -19.35 4.8 13.4 A 25.3 N W 
18 21.2 0.4 1.89 -14.52 3.6 5.3 A 8.3 A A 
19 26.1 0.5 1.92 5.24 1.3 5.3 A 8.3 A A 
20 21.1 0.5 2.37 -14.92 3.7 5.3 A 8.4 A A 
22 22.3 0.4 1.79 -10.08 2.5 5.3 A 8.3 A A 
23 26.2 0.9 3.44 5.65 1.4 5.7 A 8.8 A A 
24 22 0.5 2.27 -11.29 2.8 5.3 A 8.4 A A 
26 19 2.24 11.79 -23.39 5.8 7.7 A 14.3 A A 
27 18.403 4.226 22.96 -25.79 6.4 12.1 A 24.3 N N 
29 21.1 0.6 2.84 -14.92 3.7 5.4 A 8.6 A A 
30 19 1.1 5.79 -23.39 5.8 5.9 A 9.9 A A 
31 25.5 1.9 7.45 2.82 0.7 7.1 A 11.0 A A 
32 20.6 1 4.85 -16.94 4.2 5.8 A 9.4 A A 
34 32 4 12.50 29.03 7.2 11.5 A 14.9 A A 
36 20.3 2 9.85 -18.15 4.5 7.3 A 12.7 A A 
37 19.01 0.95 5.00 -23.35 5.8 5.7 N 9.5 A N 
39 23 5 21.74 -7.26 1.8 13.9 A 23.2 N W 
40 20.4 1.6 7.84 -17.74 4.4 6.6 A 11.2 A A 
41 19 3 15.79 -23.39 5.8 9.3 A 17.7 A A 
42 20 2 10.00 -19.35 4.8 7.3 A 12.8 A A 
43 20.2 1.6 7.92 -18.55 4.6 6.6 A 11.3 A A 
44 21.53 0.89 4.13 -13.19 3.3 5.6 A 9.1 A A 
45 26.2 0.9 3.44 5.65 1.4 5.7 A 8.8 A A 
46 20.1 1.1 5.47 -18.95 4.7 5.9 A 9.7 A A 
47 23.2 2.3 9.91 -6.45 1.6 7.9 A 12.8 A A 
50 28.2 2.8 9.93 13.71 3.4 8.9 A 12.8 A A 
51 24.9 2.1 8.43 0.40 0.1 7.5 A 11.7 A A 
52 20 4 20.00 -19.35 4.8 11.5 A 21.6 N W 
53 21.8 0.9 4.13 -12.10 3.0 5.7 A 9.1 A A 
54 19.4 2.9 14.95 -21.77 5.4 9.1 A 17.0 A A 
55 23.9 1.4 5.86 -3.63 0.9 6.3 A 10.0 A A 
56 22 1 4.55 -11.29 2.8 5.8 A 9.3 A A 
57 21.9 1.67 7.63 -11.69 2.9 6.7 A 11.1 A A 
59 33.5 2 5.97 35.08 8.7 7.3 N 10.0 A N 
60 25.8 1 3.88 4.03 1.0 5.8 A 8.9 A A 
61 19.6 0.7 3.57 -20.97 5.2 5.5 A 8.8 A A 
62 20 1.08 5.40 -19.35 4.8 5.9 A 9.7 A A 
63 25.77 1.6 6.21 3.91 1.0 6.6 A 10.2 A A 
65 25.3 1.21 4.78 2.02 0.5 6.0 A 9.4 A A 
70 24 4 16.67 -3.23 0.8 11.5 A 18.5 A A 
71 20.3 0.8 3.94 -18.15 4.5 5.6 A 9.0 A A 
72 17.43 0.67 3.84 -29.72 7.4 5.4 N 8.9 A N 
73 21.1 1.4 6.64 -14.92 3.7 6.3 A 10.4 A A 
74 2523 174 6.90 10073.

39
2498.2 448.9 N 10.6 A N 

76 21.6 7 32.41 -12.90 3.2 18.8 A 33.4 N W 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
77 17.72 0.47 2.65 -28.55 7.1 5.3 N 8.5 A N 
78 22.3 1.26 5.65 -10.08 2.5 6.1 A 9.8 A A 
79 23.7 2.4 10.13 -4.44 1.1 8.1 A 12.9 A A 
80 15.7 1.8 11.46 -36.69 9.1 6.9 N 14.0 A N 
81 37.2 4.1 11.02 50.00 12.4 11.8 N 13.7 A N 
82 18.22 1.04 5.71 -26.53 6.6 5.8 N 9.9 A N 
83 18.26 3.05 16.70 -26.37 6.5 9.4 A 18.5 A A 
84 19.5 2.3 11.79 -21.37 5.3 7.9 A 14.3 A A 
85 20.1 0.8 3.98 -18.95 4.7 5.6 A 9.0 A A 
86 22 2 9.09 -11.29 2.8 7.3 A 12.2 A A 
87 24.3 1 4.12 -2.02 0.5 5.8 A 9.1 A A 
88 20 2 10.00 -19.35 4.8 7.3 A 12.8 A A 
89 31.6 1.93 6.11 27.42 6.8 7.2 A 10.1 A A 
90 19.7 1.52 7.72 -20.56 5.1 6.5 A 11.2 A A 
91 19.1 1.8 9.42 -22.98 5.7 6.9 A 12.4 A A 
92 23 1.2 5.22 -7.26 1.8 6.0 A 9.6 A A 
93 25.4 3.1 12.20 2.42 0.6 9.5 A 14.6 A A 
94 23.4 4 17.09 -5.65 1.4 11.5 A 18.9 A A 
95 18.8 2.5 13.30 -24.19 6.0 8.3 A 15.6 A A 
99 23.5 1.4 5.96 -5.24 1.3 6.3 A 10.0 A A 

101 26.4 2.9 10.98 6.45 1.6 9.1 A 13.6 A A 
109 47.8 5.4 11.30 92.74 23.0 14.9 N 13.9 A N 
110 11 0.826 7.51 -55.65 13.8 5.6 N 11.0 A N 
111 14.85 1.72 11.58 -40.12 10.0 6.8 N 14.1 A N 
112 21.7 0.8 3.69 -12.50 3.1 5.6 A 8.9 A A 
113 19.15 1.06 5.54 -22.78 5.7 5.8 A 9.8 A A 
115 25.5 2.8 10.98 2.82 0.7 8.9 A 13.6 A A 
118 21.6 0.7 3.24 -12.90 3.2 5.5 A 8.7 A A 
119 26.5 1.9 7.17 6.85 1.7 7.1 A 10.8 A A 
120 21.7 0.8 3.69 -12.50 3.1 5.6 A 8.9 A A 
121 45.61 9.11 19.97 83.91 20.8 24.1 A 21.5 N N 
122 21.2 0.8 3.77 -14.52 3.6 5.6 A 8.9 A A 
123 22.2 2.5 11.26 -10.48 2.6 8.3 A 13.9 A A 
124 18.7 0.97 5.19 -24.60 6.1 5.7 N 9.6 A N 
125 20.7 1.9 9.18 -16.53 4.1 7.1 A 12.2 A A 
126 16.7 2.2 13.17 -32.66 8.1 7.7 N 15.4 A N 
127 22.8 1.2 5.26 -8.06 2.0 6.0 A 9.6 A A 
130 24.1 1.3 5.39 -2.82 0.7 6.2 A 9.7 A A 
131 20.74 1.1 5.30 -16.37 4.1 5.9 A 9.7 A A 
132 19.03 0.938 4.93 -23.27 5.8 5.7 N 9.5 A N 
133 26.2 2.2 8.40 5.65 1.4 7.7 A 11.6 A A 
134 22 0.79 3.59 -11.29 2.8 5.5 A 8.8 A A 
136 22.19 1.4 6.31 -10.52 2.6 6.3 A 10.2 A A 
137 711.74 4.68 0.66 2769.9

2
686.9 13.1 N 8.1 A N 

140 24.5 0.82 3.35 -1.21 0.3 5.6 A 8.7 A A 
141 19.79 1.53 7.73 -20.20 5.0 6.5 A 11.2 A A 
142 17.15 0.003 0.02 -30.85 7.7 5.2 N 8.1 A N 
143 24.24 1.58 6.52 -2.26 0.6 6.6 A 10.4 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
144 23.59 6.4 27.13 -4.88 1.2 17.3 A 28.3 N W 
146 22.65 2.1 9.27 -8.67 2.2 7.5 A 12.3 A A 
150 46.21 2.88 6.23 86.33 21.4 9.0 N 10.2 A N 
151 31 0.7 2.26 25.00 6.2 5.5 N 8.4 A N 
152 30 3 10.00 20.97 5.2 9.3 A 12.8 A A 
153 18.84 1.28 6.79 -24.03 6.0 6.1 A 10.5 A A 
154 18.7 1.5 8.02 -24.60 6.1 6.5 A 11.4 A A 
155 22 2 9.09 -11.29 2.8 7.3 A 12.2 A A 
157 24.6 1.6 6.50 -0.81 0.2 6.6 A 10.4 A A 
159 24.2 1.5 6.20 -2.42 0.6 6.5 A 10.2 A A 
160 23.84 3.67 15.39 -3.87 1.0 10.8 A 17.4 A A 
161 22.22 2.34 10.53 -10.40 2.6 7.9 A 13.3 A A 
163 23.2 1.8 7.76 -6.45 1.6 6.9 A 11.2 A A 
164 21.385 1.726 8.07 -13.77 3.4 6.8 A 11.4 A A 
165 15.7 0.8 5.10 -36.69 9.1 5.6 N 9.5 A N 
166 19.46 1.31 6.73 -21.53 5.3 6.2 A 10.5 A A 
168 19.8 0.7 3.54 -20.16 5.0 5.5 A 8.8 A A 
169 23.6 0.9 3.81 -4.84 1.2 5.7 A 8.9 A A 
170 20 2 10.00 -19.35 4.8 7.3 A 12.8 A A 
171 34.3 1.1 3.21 38.31 9.5 5.9 N 8.7 A N 
172 23.9 1.8 7.53 -3.63 0.9 6.9 A 11.0 A A 
173 20.03 0.9 4.49 -19.23 4.8 5.7 A 9.2 A A 
174 11.9 1.4 11.76 -52.02 12.9 6.3 N 14.3 A N 
175 23.3 1.5 6.44 -6.05 1.5 6.5 A 10.3 A A 
176 18.3 3.2 17.49 -26.21 6.5 9.7 A 19.3 A A 
177 18.6 0.8 4.30 -25.00 6.2 5.6 N 9.1 A N 
178 21.66 1.22 5.63 -12.66 3.1 6.0 A 9.8 A A 
179 23.44 2 8.53 -5.48 1.4 7.3 A 11.7 A A 
181 20.23 0.78 3.86 -18.43 4.6 5.5 A 8.9 A A 
182 66.3 5.8 8.75 167.34 41.5 15.8 N 11.9 A N 
183 18.4 2 10.87 -25.81 6.4 7.3 A 13.5 A A 
185 13.1 1.9 14.50 -47.18 11.7 7.1 N 16.6 A N 
190 15.7 3.45 21.97 -36.69 9.1 10.3 A 23.4 N N 
191 21.03 1.13 5.37 -15.20 3.8 5.9 A 9.7 A A 
192 20 2 10.00 -19.35 4.8 7.3 A 12.8 A A 
193 19 2 10.53 -23.39 5.8 7.3 A 13.3 A A 
194 20 2 10.00 -19.35 4.8 7.3 A 12.8 A A 
195 33.88 2.21 6.52 36.61 9.1 7.7 N 10.4 A N 
197 74.2 6.65 8.96 199.19 49.4 17.9 N 12.1 A N 
199 26.3 1.4 5.32 6.05 1.5 6.3 A 9.7 A A 
200 25.3 1.2 4.74 2.02 0.5 6.0 A 9.4 A A 
201 30.69 1.02 3.32 23.75 5.9 5.8 N 8.7 A N 
202 171.9 8.66 5.04 593.15 147.1 22.9 N 9.5 A N 
205 22.48 1.72 7.65 -9.35 2.3 6.8 A 11.1 A A 
206 27.64 2.87 10.38 11.45 2.8 9.0 A 13.1 A A 
208 18.6 3.3 17.74 -25.00 6.2 10.0 A 19.5 A A 
209 20.51 1.1 5.36 -17.30 4.3 5.9 A 9.7 A A 
210 34 2.2 6.47 37.10 9.2 7.7 N 10.3 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
211 19.9 1 5.03 -19.76 4.9 5.8 A 9.5 A A 
215 15.81 1.1 6.96 -36.25 9.0 5.9 N 10.7 A N 
216 24.8 1.5 6.05 0.00 0.0 6.5 A 10.1 A A 
217 20.87 0.89 4.26 -15.85 3.9 5.6 A 9.1 A A 
218 23.702 0.542 2.29 -4.43 1.1 5.3 A 8.4 A A 
219 21.9 1 4.57 -11.69 2.9 5.8 A 9.3 A A 
220 21.41 1.71 7.99 -13.67 3.4 6.8 A 11.4 A A 
221 19.8 0.99 5.00 -20.16 5.0 5.8 A 9.5 A A 
223 16.48 1.93 11.71 -33.55 8.3 7.2 N 14.2 A N 
225 224.4 51 22.73 804.84 199.6 131.7 N 24.1 N N 
227 20.81 1.11 5.33 -16.09 4.0 5.9 A 9.7 A A 
230 41.16 5.93 14.41 65.97 16.4 16.1 N 16.5 A N 
233 21.4 2 9.35 -13.71 3.4 7.3 A 12.3 A A 
234 20.8 1.98 9.52 -16.13 4.0 7.3 A 12.5 A A 
235 40.13 12.61 31.42 61.81 15.3 32.9 A 32.4 N N 
236 18.4 0.8 4.35 -25.81 6.4 5.6 N 9.2 A N 
237 19.8 2.1 10.61 -20.16 5.0 7.5 A 13.3 A A 
238 34 2 5.88 37.10 9.2 7.3 N 10.0 A N 
240 20 2 10.00 -19.35 4.8 7.3 A 12.8 A A 
241 10.7 1.7 15.89 -56.85 14.1 6.8 N 17.8 A N 
242 20.6 1.37 6.65 -16.94 4.2 6.3 A 10.5 A A 
244 26.7 1.41 5.28 7.66 1.9 6.3 A 9.6 A A 
245 20.9 2.3 11.00 -15.73 3.9 7.9 A 13.6 A A 
246 18.2 1.91 10.49 -26.61 6.6 7.1 A 13.2 A A 
251 25.71 2.49 9.68 3.67 0.9 8.2 A 12.6 A A 
252 22.2 0.8 3.60 -10.48 2.6 5.6 A 8.8 A A 
253 21 1 4.76 -15.32 3.8 5.8 A 9.4 A A 
254 23 2 8.70 -7.26 1.8 7.3 A 11.9 A A 
255 20.4 1.6 7.84 -17.74 4.4 6.6 A 11.2 A A 
257 19.8 1.3 6.57 -20.16 5.0 6.2 A 10.4 A A 
258 21.05 1.46 6.94 -15.12 3.8 6.4 A 10.6 A A 
259 17.18 1.15 6.69 -30.73 7.6 6.0 N 10.5 A N 
260 27 5 18.52 8.87 2.2 13.9 A 20.2 N W 
261 20 1.6 8.00 -19.35 4.8 6.6 A 11.4 A A 
263 23.8 5.1 21.43 -4.03 1.0 14.1 A 22.9 N W 
264 18.7 1.35 7.22 -24.60 6.1 6.2 A 10.8 A A 
265 4.96 1.35 27.22 -80.00 19.8 6.2 N 28.4 N N 
267 5.1 0.78 15.29 -79.44 19.7 5.5 N 17.3 A N 
268 20.49 0.72 3.51 -17.38 4.3 5.5 A 8.8 A A 
269 25.6 4.5 17.58 3.23 0.8 12.7 A 19.3 A A 
270 25.5 2.3 9.02 2.82 0.7 7.9 A 12.1 A A 
271 103.2 5.4 5.23 316.13 78.4 14.9 N 9.6 A N 
272 26.2 1.86 7.10 5.65 1.4 7.0 A 10.7 A A 
273 21.9 5 22.83 -11.69 2.9 13.9 A 24.2 N W 
274 23 0.9 3.91 -7.26 1.8 5.7 A 9.0 A A 
275 25.45 0.99 3.89 2.62 0.6 5.8 A 9.0 A A 
277 20.76 1.03 4.96 -16.29 4.0 5.8 A 9.5 A A 
278 17.8 2.4 13.48 -28.23 7.0 8.1 A 15.7 A A 
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code 

Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
279 18.3 1.6 8.74 -26.21 6.5 6.6 A 11.9 A A 
283 39.87 1.4 3.51 60.77 15.1 6.3 N 8.8 A N 
284 26.35 2.13 8.08 6.25 1.6 7.5 A 11.4 A A 
285 28.43 2.3 8.09 14.64 3.6 7.9 A 11.4 A A 
288 25.9 1.4 5.41 4.44 1.1 6.3 A 9.7 A A 
289 22 1.2 5.45 -11.29 2.8 6.0 A 9.7 A A 
290 25.2 2.4 9.52 1.61 0.4 8.1 A 12.5 A A 
292 27 2 7.41 8.87 2.2 7.3 A 11.0 A A 
293 27 2 7.41 8.87 2.2 7.3 A 11.0 A A 
294 18.5 0.7 3.78 -25.40 6.3 5.5 N 8.9 A N 
295 19.7 0.4 2.03 -20.56 5.1 5.3 A 8.3 A A 
296 21.2 2.5 11.79 -14.52 3.6 8.3 A 14.3 A A 
297 32.1 0.9 2.80 29.44 7.3 5.7 N 8.5 A N 
298 21.87 0.44 2.01 -11.81 2.9 5.3 A 8.3 A A 
299 19.7 3.1 15.74 -20.56 5.1 9.5 A 17.7 A A 
300 25.3 4.8 18.97 2.02 0.5 13.4 A 20.6 N W 
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Performance evaluation of Ra-226 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 25.1 ± 2.0 [Bq/kg] 

 

 

 
 

 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 

1 25.75 1.94 7.53 2.59 0.6 7.2 A 11.0 A A 
3 24 4 16.67 -4.38 1.1 11.5 A 18.5 A A 

4 17.4 1.6 9.20 -30.68 7.7 6.6 N 12.2 A N 

5 38 9 23.68 51.39 12.9 23.8 A 25.0 N N 

6 28.1 5.8 20.64 11.95 3.0 15.8 A 22.1 N W 

7 22.89 1.1 4.81 -8.80 2.2 5.9 A 9.3 A A 

10 25.4 0.48 1.89 1.20 0.3 5.3 A 8.2 A A 

11 21.9 2.4 10.96 -12.75 3.2 8.1 A 13.5 A A 

12 23 1 4.35 -8.37 2.1 5.8 A 9.1 A A 

13 44.51 6.42 14.42 77.33 19.4 17.3 N 16.5 A N 

14 117 8.53 7.29 366.14 91.9 22.6 N 10.8 A N 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 

15 75.52 15.95 21.12 200.88 50.4 41.5 N 22.6 N N 

16 24.5 1.3 5.31 -2.39 0.6 6.2 A 9.6 A A 

17 19.5 2.7 13.85 -22.31 5.6 8.7 A 16.0 A A 

18 24.7 1.4 5.67 -1.59 0.4 6.3 A 9.8 A A 

19 30 1.6 5.33 19.52 4.9 6.6 A 9.6 A A 

20 24.9 1.3 5.22 -0.80 0.2 6.2 A 9.5 A A 

22 28.4 0.9 3.17 13.15 3.3 5.7 A 8.6 A A 

23 29.6 2.8 9.46 17.93 4.5 8.9 A 12.4 A A 

24 25.3 1.2 4.74 0.80 0.2 6.0 A 9.3 A A 

26 19 2.44 12.84 -24.30 6.1 8.1 A 15.1 A A 

27 25.11 3.416 13.60 0.06 0.0 10.2 A 15.8 A A 

31 26.7 1.7 6.37 6.37 1.6 6.8 A 10.2 A A 

32 21.3 0.8 3.76 -15.14 3.8 5.6 A 8.8 A A 

36 19.9 10 50.25 -20.72 5.2 26.3 A 50.9 N N 

37 14.43 3.07 21.28 -42.51 10.7 9.5 N 22.7 N N 

38 111 0.007 0.01 342.23 85.9 5.2 N 8.0 A N 

39 31 5 16.13 23.51 5.9 13.9 A 18.0 A A 

40 22.8 3.6 15.79 -9.16 2.3 10.6 A 17.7 A A 

41 20 4 20.00 -20.32 5.1 11.5 A 21.5 N N 

43 76 11 14.47 202.79 50.9 28.8 N 16.5 A N 

44 22.07 1.32 5.98 -12.07 3.0 6.2 A 10.0 A A 

45 26.2 0.9 3.44 4.38 1.1 5.7 A 8.7 A A 

46 22.4 0.76 3.39 -10.76 2.7 5.5 A 8.7 A A 

47 86.4 17.8 20.60 244.22 61.3 46.2 N 22.1 N N 

50 28.2 2.8 9.93 12.35 3.1 8.9 A 12.7 A A 

51 31.1 2.7 8.68 23.90 6.0 8.7 A 11.8 A A 

52 45 6 13.33 79.28 19.9 16.3 N 15.5 A N 

53 21.9 0.8 3.65 -12.75 3.2 5.6 A 8.8 A A 

56 44 3 6.82 75.30 18.9 9.3 N 10.5 A N 

58 28.5 1.5 5.26 13.55 3.4 6.5 A 9.5 A A 

59 34.2 2 5.85 36.25 9.1 7.3 N 9.9 A N 

60 24.4 0.5 2.05 -2.79 0.7 5.3 A 8.2 A A 

61 40 6.6 16.50 59.36 14.9 17.8 A 18.3 A A 

62 22.8 1.08 4.74 -9.16 2.3 5.9 A 9.3 A A 

63 25.89 2.03 7.84 3.15 0.8 7.4 A 11.2 A A 

64 23.46 1.33 5.67 -6.53 1.6 6.2 A 9.8 A A 

65 25.9 2.3 8.88 3.19 0.8 7.9 A 11.9 A A 

68 21.2 1.6 7.55 -15.54 3.9 6.6 A 11.0 A A 

70 26 5 19.23 3.59 0.9 13.9 A 20.8 N W 

71 20.6 0.9 4.37 -17.93 4.5 5.7 A 9.1 A A 

72 20.3 2.29 11.28 -19.12 4.8 7.8 A 13.8 A A 

76 21.6 7.1 32.87 -13.94 3.5 19.0 A 33.8 N W 

77 19.82 0.59 2.98 -21.04 5.3 5.4 A 8.5 A A 

79 25 1.8 7.20 -0.40 0.1 6.9 A 10.7 A A 

80 19.3 3.1 16.06 -23.11 5.8 9.5 A 17.9 A A 

82 70.09 9.15 13.05 179.24 45.0 24.2 N 15.3 A N 

83 <102.          

84 25 9 36.00 -0.40 0.1 23.8 A 36.9 N W 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 

86 24 2 8.33 -4.38 1.1 7.3 A 11.5 A A 

87 23.4 0.8 3.42 -6.77 1.7 5.6 A 8.7 A A 

88 20 2 10.00 -20.32 5.1 7.3 A 12.8 A A 

90 20.6 1.88 9.13 -17.93 4.5 7.1 A 12.1 A A 

91 20.2 1.9 9.41 -19.52 4.9 7.1 A 12.3 A A 

93 26.8 5.5 20.52 6.77 1.7 15.1 A 22.0 N W 

94 22 10.8 49.09 -12.35 3.1 28.3 A 49.7 N W 

97 100 17 17.00 298.41 74.9 44.2 N 18.8 A N 

99 23.7 1.2 5.06 -5.58 1.4 6.0 A 9.4 A A 

101 26.9 4.1 15.24 7.17 1.8 11.8 A 17.2 A A 

106 82.3 20.1 24.42 227.89 57.2 52.1 N 25.7 N N 

109 118 26 22.03 370.12 92.9 67.3 N 23.4 N N 

110 56.1 4.22 7.52 123.51 31.0 12.0 N 11.0 A N 

112 16.1 4 24.84 -35.86 9.0 11.5 A 26.1 N N 

113 22.75 1.16 5.10 -9.36 2.4 6.0 A 9.5 A A 

119 25.6 1.9 7.42 1.99 0.5 7.1 A 10.9 A A 

120 16.1 4 24.84 -35.86 9.0 11.5 A 26.1 N N 

121 254.4 48.92 19.23 913.59 229.3 126.3 N 20.8 N N 

122 35 3.2 9.14 39.44 9.9 9.7 N 12.1 A N 

123 24.2 2.1 8.68 -3.59 0.9 7.5 A 11.8 A A 

124 20.41 2.05 10.04 -18.69 4.7 7.4 A 12.8 A A 

125 32.7 10.5 32.11 30.28 7.6 27.6 A 33.1 N N 

126 38.5 13.7 35.58 53.39 13.4 35.7 A 36.5 N N 

127 26.2 1.8 6.87 4.38 1.1 6.9 A 10.5 A A 

130 37.4 3.2 8.56 49.00 12.3 9.7 N 11.7 A N 

131 56.05 8.34 14.88 123.31 31.0 22.1 N 16.9 A N 

132 58.68 6.721 11.45 133.78 33.6 18.1 N 14.0 A N 

133 27.7 2.1 7.58 10.36 2.6 7.5 A 11.0 A A 

134 25.5 5.65 22.16 1.59 0.4 15.5 A 23.5 N W 

136 229.9 33.2 14.44 815.94 204.8 85.8 N 16.5 A N 

137 10.51 0.97 9.23 -58.13 14.6 5.7 N 12.2 A N 

138 26 3 11.54 3.59 0.9 9.3 A 14.0 A A 

140 30 4 13.33 19.52 4.9 11.5 A 15.5 A A 

144 33.18 6.4 19.29 32.19 8.1 17.3 A 20.9 N N 

150 67.6 6.9 10.21 169.32 42.5 18.5 N 12.9 A N 

151 95 5 5.26 278.49 69.9 13.9 N 9.5 A N 

152 45 3 6.67 79.28 19.9 9.3 N 10.4 A N 

153 63.28 7.91 12.50 152.11 38.2 21.1 N 14.8 A N 

154 53 7 13.21 111.16 27.9 18.8 N 15.4 A N 

157 64.6 10.3 15.94 157.37 39.5 27.1 N 17.8 A N 

159 31.8 3.9 12.26 26.69 6.7 11.3 A 14.6 A A 

160 39.55 8.03 20.30 57.57 14.5 21.4 A 21.8 N N 

161 16.48 1.43 8.68 -34.34 8.6 6.3 N 11.8 A N 

163 27.7 7.1 25.63 10.36 2.6 19.0 A 26.8 N W 

164 75.72 10.61 14.02 201.69 50.6 27.9 N 16.1 A N 

165 17.5 2.3 13.14 -30.28 7.6 7.9 A 15.4 A A 

166 32.38 6.73 20.78 29.00 7.3 18.1 A 22.3 N N 

168 38 4.4 11.58 51.39 12.9 12.5 N 14.1 A N 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 

169 24.8 1.3 5.24 -1.20 0.3 6.2 A 9.5 A A 

170 26 8 30.77 3.59 0.9 21.3 A 31.8 N W 

171 29.4 4.3 14.63 17.13 4.3 12.2 A 16.7 A A 

172 23.7 1.2 5.06 -5.58 1.4 6.0 A 9.4 A A 

173 47.44 7.59 16.00 89.00 22.3 20.3 N 17.9 A N 

174 63.4 6.2 9.78 152.59 38.3 16.8 N 12.6 A N 

177 28.8 1.1 3.82 14.74 3.7 5.9 A 8.8 A A 

178 26.58 1.52 5.72 5.90 1.5 6.5 A 9.8 A A 

179 21.8 0.5 2.29 -13.15 3.3 5.3 A 8.3 A A 

181 43.76 2.07 4.73 74.34 18.7 7.4 N 9.3 A N 

183 57.6 6.5 11.28 129.48 32.5 17.5 N 13.8 A N 

185 59.3 10.2 17.20 136.25 34.2 26.8 N 19.0 A N 

190 97.93 38.76 39.58 290.16 72.8 100.1 A 40.4 N N 

191 29.31 4.05 13.82 16.77 4.2 11.7 A 16.0 A A 

192 31 4 12.90 23.51 5.9 11.5 A 15.2 A A 

193 21 7 33.33 -16.33 4.1 18.8 A 34.3 N W 

194 37 5 13.51 47.41 11.9 13.9 A 15.7 A A 

195 43.48 11 25.30 73.23 18.4 28.8 A 26.5 N N 

197 18.7 1.56 8.34 -25.50 6.4 6.5 A 11.5 A A 

199 27 1.4 5.19 7.57 1.9 6.3 A 9.5 A A 

200 22 8 36.36 -12.35 3.1 21.3 A 37.2 N W 

201 38.62 7.33 18.98 53.86 13.5 19.6 A 20.6 N N 

202 57.34 35.72 62.30 128.45 32.2 92.3 A 62.8 N N 

207 17.5 4.7 26.86 -30.28 7.6 13.2 A 28.0 N N 

209 45.34 4.58 10.10 80.64 20.2 12.9 N 12.9 A N 

210 176 13 7.39 601.20 150.9 33.9 N 10.9 A N 

211 19.9 1 5.03 -20.72 5.2 5.8 A 9.4 A A 

216 26.7 2 7.49 6.37 1.6 7.3 A 10.9 A A 

217 21.54 1.02 4.74 -14.18 3.6 5.8 A 9.3 A A 

218 26.24 0.508 1.94 4.55 1.1 5.3 A 8.2 A A 

219 22 0.7 3.18 -12.35 3.1 5.5 A 8.6 A A 

220 22.07 1.76 7.97 -12.07 3.0 6.9 A 11.3 A A 

221 20.88 2.5 11.97 -16.81 4.2 8.3 A 14.4 A A 

223 15.71 1.82 11.58 -37.41 9.4 7.0 N 14.1 A N 

225 120.8 23 19.04 381.27 95.7 59.6 N 20.6 N N 

227 20.27 0.58 2.86 -19.24 4.8 5.4 A 8.5 A A 

232 25.6 1.2 4.69 1.99 0.5 6.0 A 9.2 A A 

234 63.1 12.8 20.29 151.39 38.0 33.4 N 21.8 N N 

235 85.37 10.2 11.95 240.12 60.3 26.8 N 14.4 A N 

237 20.7 2.2 10.63 -17.53 4.4 7.7 A 13.3 A A 

238 34.3 3.5 10.20 36.65 9.2 10.4 A 12.9 A A 

239 20.9 0.9 4.31 -16.73 4.2 5.7 A 9.1 A A 

240 83 20 24.10 230.68 57.9 51.9 N 25.4 N N 

241 11.1 1.3 11.71 -55.78 14.0 6.2 N 14.2 A N 

242 75.49 15.06 19.95 200.76 50.4 39.2 N 21.5 N N 

244 55.9 5.17 9.25 122.71 30.8 14.3 N 12.2 A N 

245 23.9 2.7 11.30 -4.78 1.2 8.7 A 13.8 A A 

246 15.9 3.11 19.56 -36.65 9.2 9.5 A 21.1 N N 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 

249 56.27 1.64 2.91 124.18 31.2 6.7 N 8.5 A N 

250 59.12 1.88 3.18 135.54 34.0 7.1 N 8.6 A N 

251 31.56 3.08 9.76 25.74 6.5 9.5 A 12.6 A A 

252 45 8.1 18.00 79.28 19.9 21.5 A 19.7 A A 

253 31 4 12.90 23.51 5.9 11.5 A 15.2 A A 

254 23 2 8.70 -8.37 2.1 7.3 A 11.8 A A 

258 21.27 1.86 8.74 -15.26 3.8 7.0 A 11.8 A A 

260 32 5 15.63 27.49 6.9 13.9 A 17.5 A A 

261 65 7.8 12.00 158.96 39.9 20.8 N 14.4 A N 

263 32.9 14 42.55 31.08 7.8 36.5 A 43.3 N N 

264 18.7 1.35 7.22 -25.50 6.4 6.2 N 10.8 A N 

265 24 13 54.17 -4.38 1.1 33.9 A 54.7 N W 

267 22.6 4.7 20.80 -9.96 2.5 13.2 A 22.3 N W 

269 21.8 2.9 13.30 -13.15 3.3 9.1 A 15.5 A A 

272 26.5 1.88 7.09 5.58 1.4 7.1 A 10.7 A A 

273 194.5 36.4 18.71 674.90 169.4 94.1 N 20.3 N N 

274 28.6 1.5 5.24 13.94 3.5 6.5 A 9.5 A A 

275 25.84 1.08 4.18 2.95 0.7 5.9 A 9.0 A A 

276 25 3 12.00 -0.40 0.1 9.3 A 14.4 A A 

277 45.54 3.94 8.65 81.43 20.4 11.4 N 11.8 A N 

278 46.1 13.7 29.72 83.67 21.0 35.7 A 30.8 N N 

279 125.3 1.9 1.52 399.20 100.2 7.1 N 8.1 A N 

283 101.6 3.2 3.15 305.02 76.6 9.7 N 8.6 A N 

284 28.46 4.04 14.20 13.39 3.4 11.6 A 16.3 A A 

285 29.6 4.1 13.85 17.93 4.5 11.8 A 16.0 A A 

288 25.7 2.1 8.17 2.39 0.6 7.5 A 11.4 A A 

289 51 4 7.84 103.19 25.9 11.5 N 11.2 A N 

290 26.3 2.4 9.13 4.78 1.2 8.1 A 12.1 A A 

292 27 2 7.41 7.57 1.9 7.3 A 10.9 A A 

293 27 2 7.41 7.57 1.9 7.3 A 10.9 A A 

294 19 1 5.26 -24.30 6.1 5.8 N 9.5 A N 

295 32.8 5.4 16.46 30.68 7.7 14.9 A 18.3 A A 

296 20.8 2.2 10.58 -17.13 4.3 7.7 A 13.2 A A 

297 46.9 4.7 10.02 86.85 21.8 13.2 N 12.8 A N 

300 26.5 5 18.87 5.58 1.4 13.9 A 20.5 N W 
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Performance evaluation of Ra-226 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 25.1 ± 2.0 [Bq/kg] 

 

Radiochemical methods 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
3 29 4 13.79 15.54 3.9 11.5 A 15.9 A A 
12 21 2 9.52 -16.33 4.1 7.3 A 12.4 A A 
26 25.06 3.75 14.96 -0.16 0.0 11.0 A 17.0 A A 
71 20.6 0.9 4.37 -17.93 4.5 5.7 A 9.1 A A 
77 19.82 0.59 2.98 -21.04 5.3 5.4 A 8.5 A A 
78 252 8.78 3.48 903.98 226.9 23.2 N 8.7 A N 
95 16.4 4.1 25.00 -34.66 8.7 11.8 A 26.2 N N 

119 25.6 1.9 7.42 1.99 0.5 7.1 A 10.9 A A 
120 16.1 4 24.84 -35.86 9.0 11.5 A 26.1 N N 
122 35 3.2 9.14 39.44 9.9 9.7 N 12.1 A N 
125 32.7 10.5 32.11 30.28 7.6 27.6 A 33.1 N N 
150 36.71 1.85 5.04 46.25 11.6 7.0 N 9.4 A N 
151 36.58 0.88 2.41 45.74 11.5 5.6 N 8.3 A N 
152 48 3 6.25 91.24 22.9 9.3 N 10.1 A N 
216 20 1 5.00 -20.32 5.1 5.8 A 9.4 A A 
236 35 4 11.43 39.44 9.9 11.5 A 13.9 A A 
246 26.9 1.01 3.75 7.17 1.8 5.8 A 8.8 A A 
251 33.3 4.1 12.31 32.67 8.2 11.8 A 14.7 A A 
264 24.4 3.92 16.07 -2.79 0.7 11.4 A 17.9 A A 
267 24.6 5 20.33 -1.99 0.5 13.9 A 21.8 N W 
276 25 6 24.00 -0.40 0.1 16.3 A 25.3 N W 
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Performance evaluation of Ac-228 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 37.0 ± 2.0 [Bq/kg] 

 

 

 
 

 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 37.47 3.56 9.50 1.27 0.5 10.5 A 10.9 A A 
3 39 5 12.82 5.41 2.0 13.9 A 13.9 A A 
5 36 2 5.56 -2.70 1.0 7.3 A 7.8 A A 
6 33.6 2.1 6.25 -9.19 3.4 7.5 A 8.3 A A 
7 31.56 0.73 2.31 -14.70 5.4 5.5 A 5.9 A A 
10 35.87 0.92 2.56 -3.05 1.1 5.7 A 6.0 A A 
11 37.1 3.9 10.51 0.27 0.1 11.3 A 11.8 A A 
12 37 3 8.11 0.00 0.0 9.3 A 9.7 A A 
13 37.15 2.24 6.03 0.41 0.1 7.7 A 8.1 A A 
14 46.7 5.87 12.57 26.22 9.7 16.0 A 13.7 A A 
15 27.23 2.93 10.76 -26.41 9.8 9.2 N 12.0 A N 

W
1% N

10%

A
89%

0

10

20

30

40

50

60

[B
q/

kg
]

Laboratory code

Ac-228 in moss-soil
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
16 38.5 0.8 2.08 4.05 1.5 5.6 A 5.8 A A 
17 35.5 1.5 4.23 -4.05 1.5 6.5 A 6.9 A A 
18 39.3 0.6 1.53 6.22 2.3 5.4 A 5.6 A A 
19 34.5 1.4 4.06 -6.76 2.5 6.3 A 6.8 A A 
20 38.3 0.8 2.09 3.51 1.3 5.6 A 5.8 A A 
21 37.3 4 10.72 0.81 0.3 11.5 A 12.0 A A 
22 34.9 0.8 2.29 -5.68 2.1 5.6 A 5.9 A A 
23 39.1 1 2.56 5.68 2.1 5.8 A 6.0 A A 
24 39.3 0.6 1.53 6.22 2.3 5.4 A 5.6 A A 
25 20.04 3.88 19.36 -45.84 17.0 11.3 N 20.1 N N 
26 34.55 2.79 8.08 -6.62 2.5 8.9 A 9.7 A A 
27 37.798 6.586 17.42 2.16 0.8 17.8 A 18.2 A A 
29 35.8 1.2 3.35 -3.24 1.2 6.0 A 6.4 A A 
30 38.5 1.8 4.68 4.05 1.5 6.9 A 7.1 A A 
31 31.3 2.6 8.31 -15.41 5.7 8.5 A 9.9 A A 
32 32.6 1.4 4.29 -11.89 4.4 6.3 A 6.9 A A 
34 41 17 41.46 10.81 4.0 44.2 A 41.8 N W 
36 35.6 3 8.43 -3.78 1.4 9.3 A 10.0 A A 
37 36.26 2.68 7.39 -2.00 0.7 8.6 A 9.2 A A 
39 34 1.4 4.12 -8.11 3.0 6.3 A 6.8 A A 
40 39.5 2.4 6.08 6.76 2.5 8.1 A 8.1 A A 
41 38 3 7.89 2.70 1.0 9.3 A 9.6 A A 
42 36 3 8.33 -2.70 1.0 9.3 A 9.9 A A 
43 31 3.3 10.65 -16.22 6.0 10.0 A 11.9 A A 
44 33.22 1.11 3.34 -10.22 3.8 5.9 A 6.4 A A 
45 36 1.3 3.61 -2.70 1.0 6.2 A 6.5 A A 
46 31.5 1.4 4.44 -14.86 5.5 6.3 A 7.0 A A 
47 42.1 2.8 6.65 13.78 5.1 8.9 A 8.6 A A 
50 37 3.7 10.00 0.00 0.0 10.9 A 11.4 A A 
51 43.5 2.5 5.75 17.57 6.5 8.3 A 7.9 A A 
52 31 3 9.68 -16.22 6.0 9.3 A 11.1 A A 
53 35.6 1.5 4.21 -3.78 1.4 6.5 A 6.9 A A 
54 33.7 4.1 12.17 -8.92 3.3 11.8 A 13.3 A A 
55 37.2 2.1 5.65 0.54 0.2 7.5 A 7.8 A A 
56 39 3 7.69 5.41 2.0 9.3 A 9.4 A A 
57 35.4 2.34 6.61 -4.32 1.6 7.9 A 8.5 A A 
58 39.6 2 5.05 7.03 2.6 7.3 A 7.4 A A 
59 38.9 2 5.14 5.14 1.9 7.3 A 7.5 A A 
60 33.8 0.9 2.66 -8.65 3.2 5.7 A 6.0 A A 
61 32.9 1 3.04 -11.08 4.1 5.8 A 6.2 A A 
62 37.8 1.89 5.00 2.16 0.8 7.1 A 7.4 A A 
63 37.33 1.89 5.06 0.89 0.3 7.1 A 7.4 A A 
64 36.5 1.63 4.47 -1.35 0.5 6.7 A 7.0 A A 
65 36.7 1.06 2.89 -0.81 0.3 5.8 A 6.1 A A 
70 38 7 18.42 2.70 1.0 18.8 A 19.2 A A 
71 32.6 1.4 4.29 -11.89 4.4 6.3 A 6.9 A A 
72 32.83 1.08 3.29 -11.27 4.2 5.9 A 6.3 A A 
73 44 3 6.82 18.92 7.0 9.3 A 8.7 A A 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
74 486 122 25.10 1213.51 449.0 314.8 N 25.7 N N 
76 33.12 0.74 2.23 -10.49 3.9 5.5 A 5.8 A A 
77 35.36 1 2.83 -4.43 1.6 5.8 A 6.1 A A 
78 46.1 1.97 4.27 24.59 9.1 7.2 N 6.9 A N 
79 38.8 2.6 6.70 4.86 1.8 8.5 A 8.6 A A 
80 45.8 3.3 7.21 23.78 8.8 10.0 A 9.0 A A 
81 36 2.7 7.50 -2.70 1.0 8.7 A 9.2 A A 
82 36.65 3.26 8.89 -0.95 0.4 9.9 A 10.4 A A 
83 38.38 3.36 8.75 3.73 1.4 10.1 A 10.3 A A 
84 37.6 3.8 10.11 1.62 0.6 11.1 A 11.5 A A 
85 37.6 3.3 8.78 1.62 0.6 10.0 A 10.3 A A 
86 32 2 6.25 -13.51 5.0 7.3 A 8.3 A A 
87 38.2 0.9 2.36 3.24 1.2 5.7 A 5.9 A A 
88 39 3 7.69 5.41 2.0 9.3 A 9.4 A A 
89 34.56 5.6 16.20 -6.59 2.4 15.3 A 17.1 A A 
90 35.1 2.24 6.38 -5.14 1.9 7.7 A 8.4 A A 
91 35 3 8.57 -5.41 2.0 9.3 A 10.1 A A 
92 34.8 2.2 6.32 -5.95 2.2 7.7 A 8.3 A A 
93 40.8 2.1 5.15 10.27 3.8 7.5 A 7.5 A A 
94 49.2 8.4 17.07 32.97 12.2 22.3 A 17.9 A A 
95 39.7 5.6 14.11 7.30 2.7 15.3 A 15.1 A A 
99 37.6 1.2 3.19 1.62 0.6 6.0 A 6.3 A A 

100 50 20 40.00 35.14 13.0 51.9 A 40.4 N N 
101 36.1 4.1 11.36 -2.43 0.9 11.8 A 12.6 A A 
109 79.5 9.5 11.95 114.86 42.5 25.0 N 13.1 A N 
110 32.8 2.46 7.50 -11.35 4.2 8.2 A 9.2 A A 
111 38.54 3.54 9.19 4.16 1.5 10.5 A 10.7 A A 
112 35.7 1.6 4.48 -3.51 1.3 6.6 A 7.0 A A 
113 38.23 1.73 4.53 3.32 1.2 6.8 A 7.0 A A 
114 28 4 14.29 -24.32 9.0 11.5 A 15.3 A A 
115 42.2 6.9 16.35 14.05 5.2 18.5 A 17.2 A A 
118 33 1.3 3.94 -10.81 4.0 6.2 A 6.7 A A 
119 42.3 3.1 7.33 14.32 5.3 9.5 A 9.1 A A 
120 35.7 1.6 4.48 -3.51 1.3 6.6 A 7.0 A A 
121 55.66 5.61 10.08 50.43 18.7 15.4 N 11.4 A N 
122 37.1 1.3 3.50 0.27 0.1 6.2 A 6.4 A A 
123 33.4 2 5.99 -9.73 3.6 7.3 A 8.1 A A 
124 35.56 1.46 4.11 -3.89 1.4 6.4 A 6.8 A A 
125 37.9 2.3 6.07 2.43 0.9 7.9 A 8.1 A A 
126 30.2 3.9 12.91 -18.38 6.8 11.3 A 14.0 A A 
127 39.2 2.2 5.61 5.95 2.2 7.7 A 7.8 A A 
130 35.5 2 5.63 -4.05 1.5 7.3 A 7.8 A A 
131 38.38 2.19 5.71 3.73 1.4 7.7 A 7.9 A A 
132 34.08 1.764 5.18 -7.89 2.9 6.9 A 7.5 A A 
133 37 1.8 4.86 0.00 0.0 6.9 A 7.3 A A 
134 36.3 1.43 3.94 -1.89 0.7 6.3 A 6.7 A A 
136 42.25 2.37 5.61 14.19 5.3 8.0 A 7.8 A A 
138 32 4 12.50 -13.51 5.0 11.5 A 13.6 A A 
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code 

Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
140 35.7 1.24 3.47 -3.51 1.3 6.1 A 6.4 A A 
141 40.7 3.8 9.34 10.00 3.7 11.1 A 10.8 A A 
142 44.54 0.007 0.02 20.38 7.5 5.2 N 5.4 A N 
143 48.22 4.12 8.54 30.32 11.2 11.8 A 10.1 A A 
144 32.71 2.92 8.93 -11.59 4.3 9.1 A 10.4 A A 
146 39.48 3.13 7.93 6.70 2.5 9.6 A 9.6 A A 
150 75.22 4.3 5.72 103.30 38.2 12.2 N 7.9 A N 
151 57 1.2 2.11 54.05 20.0 6.0 N 5.8 A N 
152 58 3 5.17 56.76 21.0 9.3 N 7.5 A N 
153 39.28 3.52 8.96 6.16 2.3 10.4 A 10.5 A A 
154 35.7 2.5 7.00 -3.51 1.3 8.3 A 8.8 A A 
155 40 2 5.00 8.11 3.0 7.3 A 7.4 A A 
157 36.2 2.6 7.18 -2.16 0.8 8.5 A 9.0 A A 
159 35.5 1.1 3.10 -4.05 1.5 5.9 A 6.2 A A 
160 38.31 4.05 10.57 3.54 1.3 11.7 A 11.9 A A 
161 36.46 3.26 8.94 -1.46 0.5 9.9 A 10.4 A A 
163 46.1 3.4 7.38 24.59 9.1 10.2 A 9.1 A A 
164 33.477 2.729 8.15 -9.52 3.5 8.7 A 9.8 A A 
165 28.6 1.7 5.94 -22.70 8.4 6.8 N 8.0 A N 
166 43.87 3.53 8.05 18.57 6.9 10.5 A 9.7 A A 
168 34.5 1.1 3.19 -6.76 2.5 5.9 A 6.3 A A 
169 35.2 0.9 2.56 -4.86 1.8 5.7 A 6.0 A A 
170 36 5 13.89 -2.70 1.0 13.9 A 14.9 A A 
171 41.7 1.4 3.36 12.70 4.7 6.3 A 6.4 A A 
172 37 2 5.41 0.00 0.0 7.3 A 7.6 A A 
173 39.5 1.35 3.42 6.76 2.5 6.2 A 6.4 A A 
174 37.5 1.8 4.80 1.35 0.5 6.9 A 7.2 A A 
175 33.4 2.3 6.89 -9.73 3.6 7.9 A 8.8 A A 
176 39.3 2.4 6.11 6.22 2.3 8.1 A 8.2 A A 
177 29.5 1.2 4.07 -20.27 7.5 6.0 N 6.8 A N 
178 35.39 1.62 4.58 -4.35 1.6 6.6 A 7.1 A A 
179 35.52 1.5 4.22 -4.00 1.5 6.5 A 6.9 A A 
181 36.02 0.65 1.80 -2.65 1.0 5.4 A 5.7 A A 
182 82 4.8 5.85 121.62 45.0 13.4 N 8.0 A N 
183 39.8 2 5.03 7.57 2.8 7.3 A 7.4 A A 
185 35.8 3.8 10.61 -3.24 1.2 11.1 A 11.9 A A 
190 30.24 5.26 17.39 -18.27 6.8 14.5 A 18.2 A A 
191 31.67 1.77 5.59 -14.41 5.3 6.9 A 7.8 A A 
192 36 3 8.33 -2.70 1.0 9.3 A 9.9 A A 
193 42 5 11.90 13.51 5.0 13.9 A 13.1 A A 
194 37 4 10.81 0.00 0.0 11.5 A 12.1 A A 
195 38.2 2.92 7.64 3.24 1.2 9.1 A 9.4 A A 
197 149 16.9 11.34 302.70 112.0 43.9 N 12.6 A N 
199 36.5 2.2 6.03 -1.35 0.5 7.7 A 8.1 A A 
200 35 1.4 4.00 -5.41 2.0 6.3 A 6.7 A A 
201 33.76 0.97 2.87 -8.76 3.2 5.7 A 6.1 A A 
202 282.4 14.66 5.19 663.24 245.4 38.2 N 7.5 A N 
205 41.07 3.67 8.94 11.00 4.1 10.8 A 10.4 A A 
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Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
206 36.32 3.83 10.55 -1.84 0.7 11.1 A 11.8 A A 
207 43.5 6.8 15.63 17.57 6.5 18.3 A 16.5 A A 
208 39 13 33.33 5.41 2.0 33.9 A 33.8 N W 
209 34.11 1.85 5.42 -7.81 2.9 7.0 A 7.7 A A 
210 35 2.3 6.57 -5.41 2.0 7.9 A 8.5 A A 
211 36.4 1.8 4.95 -1.62 0.6 6.9 A 7.3 A A 
212 37.8 1.4 3.70 2.16 0.8 6.3 A 6.6 A A 
215 33.84 1.53 4.52 -8.54 3.2 6.5 A 7.0 A A 
216 38.4 1.4 3.65 3.78 1.4 6.3 A 6.5 A A 
217 35.595 2.02 5.67 -3.80 1.4 7.3 A 7.8 A A 
218 33.496 0.85 2.54 -9.47 3.5 5.6 A 6.0 A A 
219 32.6 1.3 3.99 -11.89 4.4 6.2 A 6.7 A A 
220 35.43 1.5 4.23 -4.24 1.6 6.5 A 6.9 A A 
221 34.3 2.5 7.29 -7.30 2.7 8.3 A 9.1 A A 
223 24.7 2.96 11.98 -33.24 12.3 9.2 N 13.1 A N 
225 118 18 15.25 218.92 81.0 46.7 N 16.2 A N 
227 35.32 1.56 4.42 -4.54 1.7 6.5 A 7.0 A A 
232 37.8 4.3 11.38 2.16 0.8 12.2 A 12.6 A A 
233 40 3.6 9.00 8.11 3.0 10.6 A 10.5 A A 
234 38.9 3.88 9.97 5.14 1.9 11.3 A 11.3 A A 
235 33.13 2.46 7.43 -10.46 3.9 8.2 A 9.2 A A 
236 37.8 1.7 4.50 2.16 0.8 6.8 A 7.0 A A 
237 32.6 1.5 4.60 -11.89 4.4 6.5 A 7.1 A A 
238 35.9 0.7 1.95 -2.97 1.1 5.5 A 5.7 A A 
239 37.7 2 5.31 1.89 0.7 7.3 A 7.6 A A 
241 35.9 3 8.36 -2.97 1.1 9.3 A 10.0 A A 
242 36.88 1.07 2.90 -0.32 0.1 5.9 A 6.1 A A 
244 33.7 1.75 5.19 -8.92 3.3 6.9 A 7.5 A A 
245 28.2 1 3.55 -23.78 8.8 5.8 N 6.5 A N 
246 26.5 4.13 15.58 -28.38 10.5 11.8 A 16.5 A A 
251 38.55 3.12 8.09 4.19 1.6 9.6 A 9.7 A A 
252 37.6 1 2.66 1.62 0.6 5.8 A 6.0 A A 
253 37 2 5.41 0.00 0.0 7.3 A 7.6 A A 
254 37 3 8.11 0.00 0.0 9.3 A 9.7 A A 
255 29.8 1.7 5.70 -19.46 7.2 6.8 N 7.9 A W 
256 37.6 2.5 6.65 1.62 0.6 8.3 A 8.6 A A 
257 35.8 2.3 6.42 -3.24 1.2 7.9 A 8.4 A A 
258 32.46 1.84 5.67 -12.27 4.5 7.0 A 7.8 A A 
259 31.49 1.31 4.16 -14.89 5.5 6.2 A 6.8 A A 
260 31 5 16.13 -16.22 6.0 13.9 A 17.0 A A 
261 39 3.1 7.95 5.41 2.0 9.5 A 9.6 A A 
263 32.6 3.1 9.51 -11.89 4.4 9.5 A 10.9 A A 
264 38.6 3.14 8.13 4.32 1.6 9.6 A 9.8 A A 
265 39.1 3.82 9.77 5.68 2.1 11.1 A 11.2 A A 
267 39.01 3.1 7.95 5.43 2.0 9.5 A 9.6 A A 
268 45.5 1.1 2.42 22.97 8.5 5.9 N 5.9 A N 
269 34.5 4.4 12.75 -6.76 2.5 12.5 A 13.9 A A 
270 29.6 3.6 12.16 -20.00 7.4 10.6 A 13.3 A A 
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Bias A1 A2 True. P Prec. Final 

Score 
271 103.6 6.3 6.08 180.00 66.6 17.1 N 8.1 A N 
272 43.5 2.5 5.75 17.57 6.5 8.3 A 7.9 A A 
273 35 4.8 13.71 -5.41 2.0 13.4 A 14.7 A A 
274 41.2 1.4 3.40 11.35 4.2 6.3 A 6.4 A A 
275 36.48 2.38 6.52 -1.41 0.5 8.0 A 8.5 A A 
277 36.55 1.14 3.12 -1.22 0.5 5.9 A 6.2 A A 
278 33 4 12.12 -10.81 4.0 11.5 A 13.3 A A 
279 39.9 1.4 3.51 7.84 2.9 6.3 A 6.4 A A 
283 47.59 3.21 6.75 28.62 10.6 9.8 N 8.6 A N 
284 33.33 2.6 7.80 -9.92 3.7 8.5 A 9.5 A A 
285 36.3 2.8 7.71 -1.89 0.7 8.9 A 9.4 A A 
288 37.9 2.1 5.54 2.43 0.9 7.5 A 7.7 A A 
289 35.2 1.1 3.13 -4.86 1.8 5.9 A 6.2 A A 
290 42.1 2.7 6.41 13.78 5.1 8.7 A 8.4 A A 
292 32 2 6.25 -13.51 5.0 7.3 A 8.3 A A 
293 32 2 6.25 -13.51 5.0 7.3 A 8.3 A A 
294 33 1.2 3.64 -10.81 4.0 6.0 A 6.5 A A 
295 31.4 1.3 4.14 -15.14 5.6 6.2 A 6.8 A A 
296 28.5 2.9 10.18 -22.97 8.5 9.1 A 11.5 A A 
297 35.9 0.9 2.51 -2.97 1.1 5.7 A 6.0 A A 
298 35.97 0.74 2.06 -2.78 1.0 5.5 A 5.8 A A 
299 40.7 4.6 11.30 10.00 3.7 12.9 A 12.5 A A 
300 35.8 5 13.97 -3.24 1.2 13.9 A 15.0 A A 
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Performance evaluation of Th-234 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 25.5 ± 3.0 [Bq/kg] 

 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
7 12.31 0.4 3.25 -51.73 13.2 7.8 N 12.2 A N 
10 19.19 3.26 16.99 -24.75 6.3 11.4 A 20.7 A A 
11 31.4 6.9 21.97 23.14 5.9 19.4 A 24.9 A A 
12 16 5 31.25 -37.25 9.5 15.0 A 33.4 N N 
13 33.79 5.83 17.25 32.51 8.3 16.9 A 20.9 A A 
16 23.5 1.2 5.11 -7.84 2.0 8.3 A 12.8 A A 
17 35 10 28.57 37.25 9.5 26.9 A 30.9 N N 
18 23.4 1.5 6.41 -8.24 2.1 8.7 A 13.4 A A 
19 23.1 2.3 9.96 -9.41 2.4 9.8 A 15.4 A A 
20 24.5 1.4 5.71 -3.92 1.0 8.5 A 13.1 A A 
22 32.2 2.7 8.39 26.27 6.7 10.4 A 14.4 A A 
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Laboratory code

Th-234 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
23 25.1 2.1 8.37 -1.57 0.4 9.4 A 14.4 A A 
24 25.5 1.6 6.27 0.00 0.0 8.8 A 13.3 A A 
26 24.9 2 8.03 -2.35 0.6 9.3 A 14.2 A A 
30 23.4 2.8 11.97 -8.24 2.1 10.6 A 16.8 A A 
31 23.4 7.2 30.77 -8.24 2.1 20.1 A 32.9 N W 
36 20.6 8 38.83 -19.22 4.9 22.0 A 40.6 N W 
37 20.88 3.44 16.48 -18.12 4.6 11.8 A 20.2 A A 
38 2713 0.0661 0.00 10539 2687.5 7.7 N 11.8 A N 
39 18 3 16.67 -29.41 7.5 10.9 A 20.4 A A 
40 18 3.7 20.56 -29.41 7.5 12.3 A 23.7 A A 
44 27.94 5.35 19.15 9.57 2.4 15.8 A 22.5 A A 
45 26.5 3.6 13.58 3.92 1.0 12.1 A 18.0 A A 
46 87 12 13.79 241.18 61.5 31.9 N 18.1 A N 
50 45.5 6.8 14.95 78.43 20.0 19.2 N 19.0 A N 
51 160.6 71.7 44.65 529.80 135.1 185.1 A 46.2 N N 
52 19 5 26.32 -25.49 6.5 15.0 A 28.8 N N 
53 22 1.8 8.18 -13.73 3.5 9.0 A 14.3 A A 
54 45.4 11.3 24.89 78.04 19.9 30.2 A 27.5 N N 
56 38 5 13.16 49.02 12.5 15.0 A 17.7 A A 
57 21.4 5.34 24.95 -16.08 4.1 15.8 A 27.6 N W 
58 36 3 8.33 41.18 10.5 10.9 A 14.4 A A 
59 21 4 19.05 -17.65 4.5 12.9 A 22.4 A A 
61 21.9 6.5 29.68 -14.12 3.6 18.5 A 31.9 N W 
62 22.1 5.63 25.48 -13.33 3.4 16.5 A 28.1 N W 
63 25.89 4.1 15.84 1.53 0.4 13.1 A 19.7 A A 
64 33.17 6.78 20.44 30.08 7.7 19.1 A 23.6 A A 
65 24.1 5.7 23.65 -5.49 1.4 16.6 A 26.4 N W 
70 27 20 74.07 5.88 1.5 52.2 A 75.0 N W 
71 20 4.8 24.00 -21.57 5.5 14.6 A 26.7 N N 
72 348.42 54.66 15.69 1266 322.9 141.2 N 19.6 A N 
74 25 6 24.00 -1.96 0.5 17.3 A 26.7 N W 
76 28.8 1.9 6.60 12.94 3.3 9.2 A 13.5 A A 
77 21.58 3.13 14.50 -15.37 3.9 11.2 A 18.7 A A 
78 94.3 13 13.79 269.80 68.8 34.4 N 18.1 A N 
79 30.2 12 39.74 18.43 4.7 31.9 A 41.4 N W 
81 37.1 4.3 11.59 45.49 11.6 13.5 A 16.5 A A 
82 32.99 6.46 19.58 29.37 7.5 18.4 A 22.8 A A 
83 <169.6

7
         

84 11.8 1.7 14.41 -53.73 13.7 8.9 N 18.6 A N 
85 29.2 4.7 16.10 14.51 3.7 14.4 A 19.9 A A 
86 28 3 10.71 9.80 2.5 10.9 A 15.9 A A 
87 17.7 2.1 11.86 -30.59 7.8 9.4 A 16.7 A A 
89 49.9 17.48 35.03 95.69 24.4 45.8 A 37.0 N N 
91 22 5 22.73 -13.73 3.5 15.0 A 25.6 N W 
92 26.7 2.5 9.36 4.71 1.2 10.1 A 15.0 A A 
93 27.9 6.5 23.30 9.41 2.4 18.5 A 26.1 N W 
94 21 14 66.67 -17.65 4.5 36.9 A 67.7 N W 
95 25.5 3.9 15.29 0.00 0.0 12.7 A 19.3 A A 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
97 1640 530 32.32 6331 1614.5 1367.4 N 34.4 N N 
99 47.9 5.2 10.86 87.84 22.4 15.5 N 16.0 A N 

101 31 5 16.13 21.57 5.5 15.0 A 20.0 A A 
109 64 15 23.44 150.98 38.5 39.5 A 26.2 N N 
110 86.4 6.49 7.51 238.82 60.9 18.4 N 14.0 A N 
111 34.43 5.68 16.50 35.02 8.9 16.6 A 20.3 A A 
112 23 17.7 76.96 -9.80 2.5 46.3 A 77.9 N W 
113 28.09 4.88 17.37 10.16 2.6 14.8 A 21.0 A A 
114 25 7 28.00 -1.96 0.5 19.6 A 30.4 N W 
118 1270 141 11.10 4880 1244.5 363.9 N 16.2 A N 
119 115 16 13.91 350.98 89.5 42.0 N 18.2 A N 
120 23 17.7 76.96 -9.80 2.5 46.3 A 77.9 N W 
122 34.5 2.2 6.38 35.29 9.0 9.6 A 13.4 A A 
123 25.8 5.9 22.87 1.18 0.3 17.1 A 25.7 N W 
124 29.68 4.11 13.85 16.39 4.2 13.1 A 18.2 A A 
125 21.1 4 18.96 -17.25 4.4 12.9 A 22.3 A A 
127 33.2 3.2 9.64 30.20 7.7 11.3 A 15.2 A A 
130 41.3 6.3 15.25 61.96 15.8 18.0 A 19.3 A A 
132 20.17 4.382 21.73 -20.90 5.3 13.7 A 24.7 A A 
134 15.8 3.85 24.37 -38.04 9.7 12.6 A 27.1 N N 
141 21.99 4.9 22.28 -13.76 3.5 14.8 A 25.2 N W 
142 35.71 0.005 0.01 40.04 10.2 7.7 N 11.8 A N 
150 32.76 5.44 16.61 28.47 7.3 16.0 A 20.4 A A 
152 42 5 11.90 64.71 16.5 15.0 N 16.7 A N 
153 32.67 6.92 21.18 28.12 7.2 19.5 A 24.2 A A 
157 28.1 5.8 20.64 10.20 2.6 16.8 A 23.8 A A 
159 28.9 1.4 4.84 13.33 3.4 8.5 A 12.7 A A 
160 26.02 5.85 22.48 2.04 0.5 17.0 A 25.4 N W 
161 43.89 3.18 7.25 72.12 18.4 11.3 N 13.8 A N 
163 27.3 7.9 28.94 7.06 1.8 21.8 A 31.2 N W 
164 26.724 7.819 29.26 4.80 1.2 21.6 A 31.5 N W 
165 25 6 24.00 -1.96 0.5 17.3 A 26.7 N W 
166 34.15 4.99 14.61 33.92 8.7 15.0 A 18.8 A A 
169 22.7 2.8 12.33 -10.98 2.8 10.6 A 17.0 A A 
170 21 8 38.10 -17.65 4.5 22.0 A 39.9 N W 
171 30.4 1.8 5.92 19.22 4.9 9.0 A 13.2 A A 
174 64.8 5.2 8.02 154.12 39.3 15.5 N 14.2 A N 
176 22.9 3.4 14.85 -10.20 2.6 11.7 A 18.9 A A 
177 26.9 1.8 6.69 5.49 1.4 9.0 A 13.5 A A 
178 23.57 1.34 5.69 -7.57 1.9 8.5 A 13.1 A A 
179 23.03 2 8.68 -9.69 2.5 9.3 A 14.6 A A 
183 402 89 22.14 1476 376.5 229.8 N 25.1 N N 
185 29.6 3.4 11.49 16.08 4.1 11.7 A 16.4 A A 
191 17.99 3.12 17.34 -29.45 7.5 11.2 A 21.0 A A 
192 36 5 13.89 41.18 10.5 15.0 A 18.2 A A 
194 37 3 8.11 45.10 11.5 10.9 N 14.3 A N 
197 27.5 6.08 22.11 7.84 2.0 17.5 A 25.0 N W 
199 19 8 42.11 -25.49 6.5 22.0 A 43.7 N N 
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Rel. 
Bias A1 A2 True P Prec Final 

Score 
200 19.1 2 10.47 -25.10 6.4 9.3 A 15.7 A A 
201 43.86 4.09 9.33 72.00 18.4 13.1 N 15.0 A N 
205 29.6 3.57 12.06 16.08 4.1 12.0 A 16.8 A A 
209 917.6 145.19 15.82 3498 892.1 374.7 N 19.7 A N 
210 850 190 22.35 3233 824.5 490.3 N 25.3 N N 
216 22.9 5.7 24.89 -10.20 2.6 16.6 A 27.5 N W 
217 21.82 2.4 11.00 -14.43 3.7 9.9 A 16.1 A A 
218 22.89 2.01 8.78 -10.24 2.6 9.3 A 14.7 A A 
219 22.3 2.2 9.87 -12.55 3.2 9.6 A 15.4 A A 
220 20.21 4.9 24.25 -20.75 5.3 14.8 A 26.9 N N 
221 22.1 4.8 21.72 -13.33 3.4 14.6 A 24.7 A A 
227 24.77 2.88 11.63 -2.86 0.7 10.7 A 16.5 A A 
234 32.2 7.35 22.83 26.27 6.7 20.5 A 25.7 N N 
235 95.75 16.17 16.89 275.49 70.3 42.4 N 20.6 A N 
236 24.9 5.6 22.49 -2.35 0.6 16.4 A 25.4 N W 
237 25.6 2.9 11.33 0.39 0.1 10.8 A 16.3 A A 
238 22.1 2.6 11.76 -13.33 3.4 10.2 A 16.6 A A 
239 21.7 3.7 17.05 -14.90 3.8 12.3 A 20.7 A A 
242 440.5 130.3 29.58 1627 415.0 336.3 N 31.8 N N 
244 15.9 3.55 22.33 -37.65 9.6 12.0 A 25.2 N N 
245 28 10 35.71 9.80 2.5 26.9 A 37.6 N W 
246 22.3 3.33 14.93 -12.55 3.2 11.6 A 19.0 A A 
251 29.5 9.2 31.19 15.69 4.0 25.0 A 33.3 N W 
253 56 46 82.14 119.61 30.5 118.9 A 83.0 N N 
254 29 2 6.90 13.73 3.5 9.3 A 13.6 A A 
255 22.8 0.3 1.32 -10.59 2.7 7.8 A 11.8 A A 
258 22.1 5.1 23.08 -13.33 3.4 15.3 A 25.9 N W 
260 24.1 3.45 14.32 -5.49 1.4 11.8 A 18.5 A A 
261 15 1.8 12.00 -41.18 10.5 9.0 N 16.8 A N 
263 34.4 10 29.07 34.90 8.9 26.9 A 31.4 N N 
264 13 18.1 139.23 -49.02 12.5 47.3 A 139.7 N N 
265 72.9 22.2 30.45 185.88 47.4 57.8 A 32.6 N N 
267 22 6.5 29.55 -13.73 3.5 18.5 A 31.8 N W 
268 26.4 2.6 9.85 3.53 0.9 10.2 A 15.3 A A 
269 <1.1          
270 73.1 215 294.12 186.67 47.6 554.8 A 294.4 N N 
272 21.4 1.08 5.05 -16.08 4.1 8.2 A 12.8 A A 
273 67.7  0.00 165.49 42.2 7.7 N 11.8 A N 
274 25.5 2.5 9.80 0.00 0.0 10.1 A 15.3 A A 
275 25.84 1.08 4.18 1.33 0.3 8.2 A 12.5 A A 
277 1056.5 117.01 11.07 4043.2 1031.0 302.0 N 16.2 A N 
278 17.9 24.3 135.75 -29.80 7.6 63.2 A 136.3 N N 
279 126 21.6 17.14 394.12 100.5 56.3 N 20.8 A N 
283 25.03 1.2 4.79 -1.84 0.5 8.3 A 12.7 A A 
284 28.67 2.44 8.51 12.43 3.2 10.0 A 14.5 A A 
285 30.4 2.6 8.55 19.22 4.9 10.2 A 14.5 A A 
288 30.8 3.1 10.06 20.78 5.3 11.1 A 15.5 A A 
289 9.9 2.3 23.23 -61.18 15.6 9.8 N 26.0 N N 

100



 

 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
290 36.9 8.5 23.04 44.71 11.4 23.3 A 25.9 N N 
292 38 10 26.32 49.02 12.5 26.9 A 28.8 N N 
293 38 10 26.32 49.02 12.5 26.9 A 28.8 N N 
294 25.9 3.1 11.97 1.57 0.4 11.1 A 16.8 A A 
295 26.3 1.2 4.56 3.14 0.8 8.3 A 12.6 A A 
296 31 5.5 17.74 21.57 5.5 16.2 A 21.3 A A 
297 29.6 3.8 12.84 16.08 4.1 12.5 A 17.4 A A 
298 3043 436.44 14.34 11833 3017.5 1126.0 N 18.6 A N 
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Performance evaluation of Am-241 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 2.2 ± 0.2 [Bq/kg] 
 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
1 2.6 0.47 18.08 18.18 0.4 1.3 A 20.2 A A 
3 2 0.3 15.00 -9.09 0.2 0.9 A 17.5 A A 
5 3.16 0.83 26.27 43.64 1.0 2.2 A 27.8 N N 
7 1.43 0.07 4.90 -35.00 0.8 0.5 N 10.3 A N 
10 2.28 0.37 16.23 3.64 0.1 1.1 A 18.6 A A 
11 3.2 0.7 21.88 45.45 1.0 1.9 A 23.7 A A 
12 2.3 0.5 21.74 4.55 0.1 1.4 A 23.6 A A 
16 2.18 0.13 5.96 -0.91 0.0 0.6 A 10.9 A A 
18 2.19 0.16 7.31 -0.45 0.0 0.7 A 11.7 A A 
19 2.37 0.28 11.81 7.73 0.2 0.9 A 14.9 A A 
20 2.05 0.14 6.83 -6.82 0.2 0.6 A 11.4 A A 

W
11%

N
19%

A
70%

1

2

3

4

5

6

7

[B
q

/k
g

]

Laboratory code

Am-241 in moss-soil
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
22 1.8 0.3 16.67 -18.18 0.4 0.9 A 19.0 A A 
23 2.45 0.29 11.84 11.36 0.3 0.9 A 14.9 A A 
24 2.19 0.2 9.13 -0.45 0.0 0.7 A 12.9 A A 
29 2.64 0.26 9.85 20.00 0.4 0.8 A 13.4 A A 
30 1.2 0.3 25.00 -45.45 1.0 0.9 N 26.6 N N 
31 2.2 0.4 18.18 0.00 0.0 1.2 A 20.3 A A 
32 1.75 0.23 13.14 -20.45 0.5 0.8 A 16.0 A A 
33 2.55 0.48 18.82 15.91 0.4 1.3 A 20.9 A A 
36 2.89 0.5 17.30 31.36 0.7 1.4 A 19.5 A A 
37 2.31 0.18 7.79 5.00 0.1 0.7 A 12.0 A A 
39 2.6 0.4 15.38 18.18 0.4 1.2 A 17.9 A A 
40 1.6 0.4 25.00 -27.27 0.6 1.2 A 26.6 N N 
44 1.78 0.38 21.35 -19.09 0.4 1.1 A 23.2 A A 
45 1.78 0.33 18.54 -19.09 0.4 1.0 A 20.6 A A 
46 1.2 0.58 48.33 -45.45 1.0 1.6 A 49.2 N N 
51 <3.5         A 
52 2.1 0.5 23.81 -4.55 0.1 1.4 A 25.5 N W 
53 2.06 0.18 8.74 -6.36 0.1 0.7 A 12.6 A A 
54 2.76 0.69 25.00 25.45 0.6 1.9 A 26.6 N N 
55 2.7 0.5 18.52 22.73 0.5 1.4 A 20.6 A A 
56 2.2 0.4 18.18 0.00 0.0 1.2 A 20.3 A A 
57 2.25 0.32 14.22 2.27 0.0 1.0 A 16.9 A A 
58 2.75 0.25 9.09 25.00 0.6 0.8 A 12.9 A A 
59 2.4 0.4 16.67 9.09 0.2 1.2 A 19.0 A A 
60 2.52 0.14 5.56 14.55 0.3 0.6 A 10.7 A A 
61 2.4 0.4 16.67 9.09 0.2 1.2 A 19.0 A A 
62 2.53 0.45 17.79 15.00 0.3 1.3 A 20.0 A A 
63 2.75 0.4 14.55 25.00 0.6 1.2 A 17.2 A A 
64 3.486 0.3531 10.13 58.45 1.3 1.0 N 13.6 A N 
65 2.43 0.22 9.05 10.45 0.2 0.8 A 12.8 A A 
70 1.7 1.2 70.59 -22.73 0.5 3.1 A 71.2 N N 
71 2.8 0.3 10.71 27.27 0.6 0.9 A 14.1 A A 
74 3.6 0.4 11.11 63.64 1.4 1.2 N 14.4 A N 
76 2.35 0.18 7.66 6.82 0.2 0.7 A 11.9 A A 
77 2.487 0.222 8.93 13.05 0.3 0.8 A 12.7 A A 
79 3.4 0.5 14.71 54.55 1.2 1.4 A 17.3 A A 
81 2.63 0.85 32.32 19.55 0.4 2.3 A 33.6 N W 
82 477.25 1.65 0.35 21593.

18
475.1 4.3 N 9.1 A N 

83 <2.78         A 
84 2.3 0.3 13.04 4.55 0.1 0.9 A 15.9 A A 
86 2.8 0.3 10.71 27.27 0.6 0.9 A 14.1 A A 
87 2.33 0.15 6.44 5.91 0.1 0.6 A 11.1 A A 
89 1.89 0.7 37.04 -14.09 0.3 1.9 A 38.1 N W 
91 2.1 0.4 19.05 -4.55 0.1 1.2 A 21.1 A A 
92 2.52 0.26 10.32 14.55 0.3 0.8 A 13.8 A A 
93 2.2 0.7 31.82 0.00 0.0 1.9 A 33.1 N W 
95 1.99 0.34 17.09 -9.55 0.2 1.0 A 19.4 A A 
97 3.71 0.35 9.43 68.64 1.5 1.0 N 13.1 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
101 2.9 0.44 15.17 31.82 0.7 1.2 A 17.7 A A 
109 6.3 2.4 38.10 186.36 4.1 6.2 A 39.2 N N 
110 1.93  0.00 -12.27 0.3 0.5 A 9.1 A A 
111 2.11 0.68 32.23 -4.09 0.1 1.8 A 33.5 N W 
112 1.78 0.36 20.22 -19.09 0.4 1.1 A 22.2 A A 
113 1.99 0.53 26.63 -9.55 0.2 1.5 A 28.1 N W 
114 2 1 50.00 -9.09 0.2 2.6 A 50.8 N W 
118 1.44 0.32 22.22 -34.55 0.8 1.0 A 24.0 A A 
119 2.22 0.52 23.42 0.91 0.0 1.4 A 25.1 N W 
120 1.8 0.4 22.22 -18.18 0.4 1.2 A 24.0 A A 
122 1.4 0.6 42.86 -36.36 0.8 1.6 A 43.8 N N 
123 1.89 0.42 22.22 -14.09 0.3 1.2 A 24.0 A A 
125 0.6 0.5 83.33 -72.73 1.6 1.4 N 83.8 N N 
130 2.42 0.24 9.92 10.00 0.2 0.8 A 13.5 A A 
132 2.182 0.476 21.81 -0.82 0.0 1.3 A 23.6 A A 
133 2.2 0.2 9.09 0.00 0.0 0.7 A 12.9 A A 
134 2.2 0.28 12.73 0.00 0.0 0.9 A 15.6 A A 
138 1.45 0.67 46.21 -34.09 0.8 1.8 A 47.1 N N 
139 2.41 0.284 11.78 9.55 0.2 0.9 A 14.9 A A 
153 3.12 0.49 15.71 41.82 0.9 1.4 A 18.1 A A 
155 2.2 0.2 9.09 0.00 0.0 0.7 A 12.9 A A 
157 <6.4         A 
159 2.33 0.11 4.72 5.91 0.1 0.6 A 10.2 A A 
160 2.89 0.52 17.99 31.36 0.7 1.4 A 20.2 A A 
161 2.02 0.15 7.43 -8.18 0.2 0.6 A 11.7 A A 
163 1.82 0.63 34.62 -17.27 0.4 1.7 A 35.8 N W 
164 <5.460         A 
165 2.6 0.9 34.62 18.18 0.4 2.4 A 35.8 N W 
166 2.46 0.59 23.98 11.82 0.3 1.6 A 25.6 N W 
169 2.2 0.5 22.73 0.00 0.0 1.4 A 24.5 A A 
171 2.55 0.3 11.76 15.91 0.4 0.9 A 14.9 A A 
176 15.9 2.1 13.21 622.73 13.7 5.4 N 16.0 A N 
178 2.17 0.11 5.07 -1.36 0.0 0.6 A 10.4 A A 
179 2.2 0.2 9.09 0.00 0.0 0.7 A 12.9 A A 
181 2.93 0.29 9.90 33.18 0.7 0.9 A 13.4 A A 
183 1.8 0.4 22.22 -18.18 0.4 1.2 A 24.0 A A 
190 3.12 1.67 53.53 41.82 0.9 4.3 A 54.3 N N 
192 2.94 0.36 12.24 33.64 0.7 1.1 A 15.3 A A 
194 3 0.4 13.33 36.36 0.8 1.2 A 16.1 A A 
197 2.7 0.09 3.33 22.73 0.5 0.6 A 9.7 A A 
199 2.1 0.6 28.57 -4.55 0.1 1.6 A 30.0 N W 
200 2.08 0.2 9.62 -5.45 0.1 0.7 A 13.2 A A 
201 1.47 0.79 53.74 -33.18 0.7 2.1 A 54.5 N N 
207 2.3 0.4 17.39 4.55 0.1 1.2 A 19.6 A A 
209 0.5 0.11 22.00 -77.27 1.7 0.6 N 23.8 A N 
210 2.8 0.3 10.71 27.27 0.6 0.9 A 14.1 A A 
211 2.46 0.15 6.10 11.82 0.3 0.6 A 10.9 A A 
216 2.34 0.23 9.83 6.36 0.1 0.8 A 13.4 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
217 1.98 0.25 12.63 -10.00 0.2 0.8 A 15.6 A A 
218 2.16 0.119 5.51 -1.82 0.0 0.6 A 10.6 A A 
219 2.91 0.57 19.59 32.27 0.7 1.6 A 21.6 A A 
220 1.97 0.21 10.66 -10.45 0.2 0.7 A 14.0 A A 
221 1.85 0.18 9.73 -15.91 0.4 0.7 A 13.3 A A 
226 5.2 0.2 3.85 136.36 3.0 0.7 N 9.9 A N 
227 2.15 0.24 11.16 -2.27 0.1 0.8 A 14.4 A A 
233 1.62 0.39 24.07 -26.36 0.6 1.1 A 25.7 N N 
236 2.33 0.16 6.87 5.91 0.1 0.7 A 11.4 A A 
237 2.1 0.4 19.05 -4.55 0.1 1.2 A 21.1 A A 
238 2.25 0.27 12.00 2.27 0.0 0.9 A 15.1 A A 
239 2.3 0.4 17.39 4.55 0.1 1.2 A 19.6 A A 
251 2.01 0.92 45.77 -8.64 0.2 2.4 A 46.7 N W 
253 1.72 1.85 107.56 -21.82 0.5 4.8 A 107.9 N N 
255 2.23 0.41 18.39 1.36 0.0 1.2 A 20.5 A A 
258 1.71 0.31 18.13 -22.27 0.5 1.0 A 20.3 A A 
260 2.2 0.34 15.45 0.00 0.0 1.0 A 17.9 A A 
261 1.5 0.2 13.33 -31.82 0.7 0.7 A 16.1 A A 
264 2.95 1.62 54.92 34.09 0.8 4.2 A 55.7 N N 
265 2.36 1.75 74.15 7.27 0.2 4.5 A 74.7 N W 
267 0.085 0.16 188.24 -96.14 2.1 0.7 N 188.5 N N 
268 2.59 0.42 16.22 17.73 0.4 1.2 A 18.6 A A 
269 <2.7         A 
272 1.78 0.73 41.01 -19.09 0.4 2.0 A 42.0 N W 
273 4.7  0.00 113.64 2.5 0.5 N 9.1 A N 
274 2.3 0.2 8.70 4.55 0.1 0.7 A 12.6 A A 
276 2.4 1 41.67 9.09 0.2 2.6 A 42.6 N W 
277 2.25 0.29 12.89 2.27 0.0 0.9 A 15.8 A A 
283 29.48 1.52 5.16 1240.0 27.3 4.0 N 10.5 A N 
284 3.79 0.32 8.44 72.27 1.6 1.0 N 12.4 A N 
285 3.45 0.29 8.41 56.82 1.3 0.9 N 12.4 A N 
288 2.3 0.5 21.74 4.55 0.1 1.4 A 23.6 A A 
290 2.4 0.4 16.67 9.09 0.2 1.2 A 19.0 A A 
292 2.2 0.3 13.64 0.00 0.0 0.9 A 16.4 A A 
293 2.2 0.3 13.64 0.00 0.0 0.9 A 16.4 A A 
294 2.47 0.49 19.84 12.27 0.3 1.4 A 21.8 A A 
300 2 0.38 19.00 -9.09 0.2 1.1 A 21.1 A A 

 

 

 

 

 

 

 

105

113



 

Performance evaluation of Am-241 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 2.2 ± 0.2 [Bq/kg] 

Radiochemical methods 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
21 2.52 0.4 15.87 20.00 0.4 1.2 A 18.5 A A 
26 1.26 0.27 21.43 -40.00 0.8 0.9 A 23.4 A A 
39 2.1 0.2 9.52 0.00 0.0 0.7 A 13.5 A A 
41 2.1 0.1 4.76 0.00 0.0 0.6 A 10.6 A A 
55 1.97 0.13 6.60 -6.19 0.1 0.6 A 11.6 A A 
56 1.02 0.083 8.14 -51.43 1.1 0.6 N 12.5 A N 
59 2.4 0.5 20.83 14.29 0.3 1.4 A 22.9 A A 
64 3.17 0.63 19.87 50.95 1.1 1.7 A 22.0 A A 

A
55%

N
38%

W
7%

Am-241 in moss-soil (RC)

0.1

0.6

1.1

1.6

2.1

2.6

3.1

3.6

4.1

4.6

96 185
125
110
91 297
56 163
251
156
26 261
159
276
106
122
175
120
264
210
55 114
76 95 39 41 259
94 119
111
59 272
77 177
21 130
207
71 64 118
74 267

Laboratory code

[B
q/

kg
]
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
71 2.8 0.3 10.71 33.33 0.7 0.9 A 14.3 A A 
74 4.2 0.4 9.52 100.00 2.1 1.2 N 13.5 A N 
76 2.02 0.25 12.38 -3.81 0.1 0.8 A 15.6 A A 
77 2.487 0.222 8.93 18.43 0.4 0.8 A 13.1 A A 
91 0.89 0.17 19.10 -57.62 1.2 0.7 N 21.3 A N 
94 2.2 0.8 36.36 4.76 0.1 2.1 A 37.6 N W 
95 2.06 0.28 13.59 -1.90 0.0 0.9 A 16.6 A A 
96 0.18 0.03 16.67 -91.43 1.9 0.5 N 19.2 A N 

106 1.57 0.3 19.11 -25.24 0.5 0.9 A 21.4 A A 
110 0.645 0.0287 4.45 -69.29 1.5 0.5 N 10.5 A N 
111 2.24 0.09 4.02 6.67 0.1 0.6 A 10.3 A A 
114 2 1 50.00 -4.76 0.1 2.6 A 50.9 N W 
118 3.55 0.36 10.14 69.05 1.5 1.1 N 13.9 A N 
119 2.22 0.52 23.42 5.71 0.1 1.4 A 25.3 A A 
120 1.8 0.4 22.22 -14.29 0.3 1.2 A 24.2 A A 
122 1.75 0.12 6.86 -16.67 0.4 0.6 A 11.7 A A 
125 0.6 0.5 83.33 -71.43 1.5 1.4 N 83.9 N N 
130 2.53 0.25 9.88 20.48 0.4 0.8 A 13.7 A A 
156 1.23 0.139 11.30 -41.43 0.9 0.6 N 14.8 A N 
159 1.5 0.1 6.67 -28.57 0.6 0.6 N 11.6 A N 
163 1.05 0.34 32.38 -50.00 1.1 1.0 N 33.8 N N 
175 1.77 0.052 2.94 -15.71 0.3 0.5 A 10.0 A A 
177 2.5 0.21 8.40 19.05 0.4 0.7 A 12.7 A A 
185 0.21 0.04 19.05 -90.00 1.9 0.5 N 21.3 A N 
207 2.79 0.18 6.45 32.86 0.7 0.7 A 11.5 A A 
210 1.92 0.13 6.77 -8.57 0.2 0.6 A 11.7 A A 
251 1.2 0.1 8.33 -42.86 0.9 0.6 N 12.7 A N 
259 2.19 0.1535 7.00 4.41 0.1 0.7 A 11.8 A A 
261 1.4 0.16 11.43 -33.33 0.7 0.7 N 14.9 A N 
264 1.81 0.749 41.38 -13.81 0.3 2.0 A 42.5 N W 
267 29.5 12 40.68 1304.7

6
27.4 31.0 A 41.8 N N 

272 2.44 0.19 7.79 16.19 0.3 0.7 A 12.3 A A 
276 1.5 0.7 46.67 -28.57 0.6 1.9 A 47.6 N N 
297 0.99 0.12 12.12 -52.86 1.1 0.6 N 15.4 A N 
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Performance evaluation of Pu-238 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 0.15 ± 0.015 [Bq/kg] 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
5 0.29 0.18 62.07 93 0.14 0.47 A 62.9 N N 
7 0.14 0.02 14.29 -6.67 0.01 0.06 A 17.4 A A 
8 0.12 0.04 33.33 -20.00 0.03 0.11 A 34.8 A A 
10 0.118 0.02 16.95 -21.33 0.03 0.06 A 19.7 A A 
21 0.15 0.022 14.67 0.00 0.00 0.07 A 17.8 A A 
30 3.4 0.4 11.76 2166 3.25 1.03 N 15.4 A N 
32 27.5 1 3.64 18233 27.35 2.58 N 10.6 A N 
39 0.15 0.03 20.00 0.00 0.00 0.09 A 22.4 A A 
41 0.15 0.01 6.67 0.00 0.00 0.05 A 12.0 A A 
52 0.12 0.02 16.67 -20.00 0.03 0.06 A 19.4 A A 
55 0.155 0.039 25.16 3.33 0.01 0.11 A 27.1 A A 
63 0.512 0.161 31.45 241 0.36 0.42 A 33.0 A A 
64 0.27 0.09 33.33 80.00 0.12 0.24 A 34.8 A A 

A
44%

N
52%

W
4%

Pu-238 in moss-soil

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

110
210
177
10 8 52 70 77 175
95 7 207
191
274
81 21 39 41 55 232
111
212
76 114
185
143
265
156
163
64 5 261
130
272
264
276
259
63 125
251
122
297
263
141
260
30 91 252
32 152
150
151

Laboratory code

[B
q/

kg
]
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
70 0.12 0.03 25.00 -20.00 0.03 0.09 A 26.9 A A 
76 0.166 0.05 30.12 10.67 0.02 0.13 A 31.7 A A 
77 0.13 0.021 16.15 -13.33 0.02 0.07 A 19.0 A A 
81 0.149 0.031 20.81 -0.67 0.00 0.09 A 23.1 A A 
91 3.7 0.4 10.81 2366 3.55 1.03 N 14.7 A N 
95 0.134 0.048 35.82 -10.67 0.02 0.13 A 37.2 N W 
96 <0.05         A 

106 <0.66         N 
110 0.0463 0.0012

4
2.68 -69.13 0.10 0.04 N 10.4 A N 

111 0.158 0.02 12.66 5.33 0.01 0.06 A 16.1 A A 
114 0.18 0.05 27.78 20.00 0.03 0.13 A 29.5 A A 
122 1.70 0.25 14.71 1033 1.55 0.65 N 17.8 A N 
125 0.6 0.5 83.33 300 0.45 1.29 A 83.9 N N 
130 0.31 0.04 12.90 106 0.16 0.11 N 16.3 A N 
141 3.03 0.49 16.17 1920 2.88 1.26 N 19.0 A N 
143 0.22 0.01 4.55 46.67 0.07 0.05 N 11.0 A N 
150 671.4 87.29 13.00 44754 671.31 225.21 N 16.4 A N 
151 671.4 18.2 2.71 44754 671.31 46.96 N 10.4 A N 
152 665 75 11.28 44323 664.85 193.50 N 15.1 A N 
156 0.239 0.0268 11.21 59.33 0.09 0.08 N 15.0 A N 
163 0.261 0.076 29.12 74.00 0.11 0.20 A 30.8 A A 
175 0.133 0.0091 6.84 -11.33 0.02 0.05 A 12.1 A A 
177 0.11 0.03 27.27 -26.67 0.04 0.09 A 29.0 A A 
185 0.2 0.1 50.00 33.33 0.05 0.26 A 51.0 N N 
191 0.148 0.066 44.59 -1.33 0.00 0.17 A 45.7 N W 
207 0.143 0.016 11.19 -4.67 0.01 0.06 A 15.0 A A 
210 0.095 0.073 76.84 -36.67 0.06 0.19 A 77.5 N N 
212 0.16 0.02 12.50 6.67 0.01 0.06 A 16.0 A A 
232 0.1553 0.0031 2.00 3.53 0.01 0.04 A 10.2 A A 
251 1.04 0.1 9.62 593 0.89 0.26 N 13.9 A N 
252 4.6 0.7 15.22 2966 4.45 1.81 N 18.2 A N 
259 0.4839 0.0719 14.86 222 0.33 0.19 N 17.9 A N 
260 3.1 1.5 48.39 1966 2.95 3.87 A 49.4 N N 
261 0.3 0.04 13.33 100 0.15 0.11 N 16.7 A N 
263 3 0.91 30.33 1900 2.85 2.35 N 31.9 A N 
264 0.394 0.331 84.01 162 0.24 0.85 A 84.6 N N 
265 0.22 0.25 113 46.67 0.07 0.65 A 114.1 N N 
272 0.37 3.09 835 146 0.22 7.97 A 835.2 N N 
274 0.148 0.006 4.05 -1.33 0.00 0.04 A 10.8 A A 
276 0.4 0.6 150 166 0.25 1.55 A 150.3 N N 
297 2.2 0.37 16.82 1366 2.05 0.96 N 19.6 A N 
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Performance evaluation of Pu-239+240 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 5.3 ± 0.16 [Bq/kg] 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
3 6.5 1.2 18.46 22.64 1.2 3.1 A 18.7 A A 
5 5.03 0.73 14.51 -5.09 0.3 1.9 A 14.8 A A 
7 4.9 0.49 10.00 -7.55 0.4 1.3 A 10.4 A A 
8 5.4 0.1 1.85 1.89 0.1 0.5 A 3.5 A A 
10 4.76 0.155 3.26 -10.19 0.5 0.6 A 4.4 A A 
12 5.1 0.3 5.88 -3.77 0.2 0.9 A 6.6 A A 
21 5.46 0.66 12.09 3.02 0.2 1.8 A 12.5 A A 
26 4.98 0.39 7.83 -6.04 0.3 1.1 A 8.4 A A 
30 5.3 0.4 7.55 0.00 0.0 1.1 A 8.1 A A 
32 43.9 1.7 3.87 728.30 38.6 4.4 N 4.9 A N 
39 5.2 0.3 5.77 -1.89 0.1 0.9 A 6.5 A A 
41 5.3 0.1 1.89 0.00 0.0 0.5 A 3.6 A A 
52 5.25 0.46 8.76 -0.94 0.0 1.3 A 9.3 A A 

W
13%

N
27%

A
60%

Pu-239+240 in moss-soil

1

3

5

7

9

11

13

15

96 125
110
166
81 199
272
297
156
246
56 264
95 118
259
106
94 55 76 10 70 119
200
61 210
7 93 207
26 261
5 62 175
232
64 163
12 77 39 299
177
52 256
274
30 41 114
128
8 133
21 111
59 130
191
122
251
143
265
63 212
260
276
3 159
185
252
78 141
263
151
150
152
267
32

Laboratory code

[B
q/

kg
]

110



 

 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
55 4.65 0.18 3.87 -12.26 0.6 0.6 N 4.9 A W 
56 4.27 0.16 3.75 -19.43 1.0 0.6 N 4.8 A W 
59 5.5 0.6 10.91 3.77 0.2 1.6 A 11.3 A A 
61 4.82 0.82 17.01 -9.06 0.5 2.2 A 17.3 A A 
62 5.03 1.09 21.67 -5.09 0.3 2.8 A 21.9 N W 
63 5.96 0.56 9.40 12.45 0.7 1.5 A 9.9 A A 
64 5.05 0.43 8.51 -4.72 0.3 1.2 A 9.0 A A 
70 4.78 0.23 4.81 -9.81 0.5 0.7 A 5.7 A A 
76 4.65 0.27 5.81 -12.26 0.6 0.8 A 6.5 A A 
77 5.131 0.181 3.53 -3.19 0.2 0.6 A 4.6 A A 
78 7.51 0.678 9.03 41.70 2.2 1.8 N 9.5 A N 
81 3.16 0.29 9.18 -40.38 2.1 0.9 N 9.7 A N 
91 67.7 2.1 3.10 1177.3

6
62.4 5.4 N 4.3 A N 

93 4.9 1.6 32.65 -7.55 0.4 4.1 A 32.8 N W 
94 4.6 1.5 32.61 -13.21 0.7 3.9 A 32.7 N W 
95 4.42 0.44 9.95 -16.60 0.9 1.2 A 10.4 A A 
96 0.52 0.06 11.54 -90.19 4.8 0.4 N 11.9 A N 

106 4.58 0.68 14.85 -13.58 0.7 1.8 A 15.2 A A 
110 1.06 0.0412 3.89 -80.00 4.2 0.4 N 4.9 A N 
111 5.47 0.02 0.37 3.21 0.2 0.4 A 3.0 A A 
114 5.3 0.3 5.66 0.00 0.0 0.9 A 6.4 A A 
118 4.42 0.36 8.14 -16.60 0.9 1.0 A 8.7 A A 
119 4.78 0.61 12.76 -9.81 0.5 1.6 A 13.1 A A 
122 5.6 0.51 9.11 5.66 0.3 1.4 A 9.6 A A 
125 0.6 0.5 83.33 -88.68 4.7 1.4 N 83.4 N N 
128 5.33 0.45 8.44 0.57 0.0 1.2 A 9.0 A A 
130 5.5 0.51 9.27 3.77 0.2 1.4 A 9.8 A A 
133 5.41 0.35 6.47 2.08 0.1 1.0 A 7.1 A A 
141 7.785 0.77 9.89 46.89 2.5 2.0 N 10.3 A N 
143 5.91 0.11 1.86 11.51 0.6 0.5 N 3.5 A W 
150 21.9 2.85 13.01 313.21 16.6 7.4 N 13.4 A N 
151 21.87 0.48 2.19 312.64 16.6 1.3 N 3.7 A N 
152 23 3 13.04 333.96 17.7 7.8 N 13.4 A N 
156 3.87 0.331 8.55 -26.98 1.4 0.9 N 9.1 A N 
159 6.5 0.4 6.15 22.64 1.2 1.1 N 6.9 A N 
163 5.08 0.35 6.89 -4.15 0.2 1.0 A 7.5 A A 
166 3.13 0.35 11.18 -40.94 2.2 1.0 N 11.6 A N 
175 5.04 0.17 3.37 -4.91 0.3 0.6 A 4.5 A A 
177 5.21 0.25 4.80 -1.70 0.1 0.8 A 5.7 A A 
185 6.7 0.5 7.46 26.42 1.4 1.4 N 8.1 A N 
191 5.54 0.42 7.58 4.53 0.2 1.2 A 8.2 A A 
199 3.61 0.92 25.48 -31.89 1.7 2.4 A 25.7 N N 
200 4.8 1.1 22.92 -9.43 0.5 2.9 A 23.1 N W 
207 4.92 0.33 6.71 -7.17 0.4 0.9 A 7.4 A A 
210 4.86 0.73 15.02 -8.30 0.4 1.9 A 15.3 A A 
212 6 0.3 5.00 13.21 0.7 0.9 A 5.8 A A 
232 5.049 0.079 1.56 -4.74 0.3 0.5 A 3.4 A A 
246 4.2 0.24 5.71 -20.75 1.1 0.7 N 6.5 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
251 5.6 0.1 1.79 5.66 0.3 0.5 A 3.5 A A 
252 6.9 1.1 15.94 30.19 1.6 2.9 A 16.2 A A 
256 5.25 0.34 6.48 -0.94 0.0 1.0 A 7.1 A A 
259 4.58 0.52 11.28 -13.59 0.7 1.4 A 11.7 A A 
260 6 1.5 25.00 13.21 0.7 3.9 A 25.2 N W 
261 5 0.36 7.20 -5.66 0.3 1.0 A 7.8 A A 
263 10.3 2.1 20.39 94.34 5.0 5.4 A 20.6 N N 
264 4.32 0.99 22.92 -18.49 1.0 2.6 A 23.1 N W 
265 5.93 0.51 8.60 11.89 0.6 1.4 A 9.1 A A 
267 30.9 8 25.89 483.02 25.6 20.6 N 26.1 N N 
272 3.66 1.21 33.06 -30.94 1.6 3.1 A 33.2 N N 
274 5.29 0.01 0.19 -0.19 0.0 0.4 A 3.0 A A 
276 6 1.5 25.00 13.21 0.7 3.9 A 25.2 N W 
297 3.85 0.49 12.73 -27.36 1.5 1.3 N 13.1 A N 
299 5.2 0.5 9.62 -1.89 0.1 1.4 A 10.1 A A 

 

112



 

 

Performance evaluation of Sr-90 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 5.0 ± 0.3 [Bq/kg] 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
5 4.13 0.91 22.03 -17.4 0.9 2.5 A 22.8 A A 
7 4.75 0.71 14.95 -5.0 0.3 2.0 A 16.1 A A 
13 45.82 5.66 12.35 816.4 40.8 14.6 N 13.7 A N 
17 4.1 0.5 12.20 -18.0 0.9 1.5 A 13.6 A A 
21 3.16 0.7 22.15 -36.8 1.8 2.0 A 23.0 A A 
26 16.82 2.07 12.31 236.4 11.8 5.4 N 13.7 A N 
30 66 21 31.82 1220.0 61.0 54.2 N 32.4 N N 
32 39.4 4.3 10.91 688.0 34.4 11.1 N 12.5 A N 
34 41 13 31.71 720.0 36.0 33.5 N 32.3 N N 
36 178 100 56.18 3460.0 173.0 258.0 A 56.5 N N 
39 4.8 0.6 12.50 -4.0 0.2 1.7 A 13.9 A A 
41 13 1 7.69 160.0 8.0 2.7 N 9.8 A N 
51 5.68 0.51 8.98 13.6 0.7 1.5 A 10.8 A A 

A
47%

N
48%

W
5%

Sr-90 in moss-soil

1

3

5

7

9

11

13

15

172
225
131
74 145
21 259
130
77 86 128
156
87 110
17 160
5 257
73 59 70 175
194
7 166
39 88 207
134
90 163
133
236
251
65 82 56 171
63 62 188
51 193
192
52 152
237
213
61 212
214
200
96 151
150
114
79 184
265
244
95 83 41 185
276
26 261
143
264
245
252
32 34 13 30 36 263
125
138

Laboratory code

[B
q/

kg
]
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
52 5.97 0.61 10.22 19.4 1.0 1.8 A 11.8 A A 
56 5.36 0.21 3.92 7.2 0.4 0.9 A 7.2 A A 
59 4.67 0.37 7.92 -6.6 0.3 1.2 A 9.9 A A 
61 6.37 0.21 3.30 27.4 1.4 0.9 N 6.8 A N 
62 5.54 0.5 9.03 10.8 0.5 1.5 A 10.8 A A 
63 5.5 0.36 6.55 10.0 0.5 1.2 A 8.9 A A 
65 5.29 0.15 2.84 5.8 0.3 0.9 A 6.6 A A 
70 4.7 0.5 10.64 -6.0 0.3 1.5 A 12.2 A A 
73 4.49 0.22 4.90 -10.2 0.5 1.0 A 7.7 A A 
74 2.9 0.8 27.59 -42.0 2.1 2.2 A 28.2 N N 
77 3.622 0.259 7.15 -27.6 1.4 1.0 N 9.3 A N 
79 9.25 0.27 2.92 85.0 4.3 1.0 N 6.7 A N 
82 5.29 0.96 18.15 5.8 0.3 2.6 A 19.1 A A 
83 12.88 0.37 2.87 157.6 7.9 1.2 N 6.7 A N 
86 3.7 0.7 18.92 -26.0 1.3 2.0 A 19.8 A A 
87 4.01 0.14 3.49 -19.8 1.0 0.9 N 6.9 A W 
88 4.8 0.4 8.33 -4.0 0.2 1.3 A 10.3 A A 
90 4.98 0.36 7.23 -0.4 0.0 1.2 A 9.4 A A 
95 10.56 1.48 14.02 111.2 5.6 3.9 N 15.2 A N 
96 7.7 1.3 16.88 54.0 2.7 3.4 A 17.9 A A 

110 4.06 0.706 17.39 -18.8 0.9 2.0 A 18.4 A A 
114 9 4 44.44 80.0 4.0 10.3 A 44.8 N N 
125 290 34 11.72 5700.0 285.0 87.7 N 13.2 A N 
128 3.7 0.25 6.76 -26.0 1.3 1.0 N 9.0 A N 
130 3.49 0.91 26.07 -30.2 1.5 2.5 A 26.8 N N 
131 2.58 0.31 12.02 -48.4 2.4 1.1 N 13.4 A N 
133 5.1 0.6 11.76 2.0 0.1 1.7 A 13.2 A A 
134 4.93 0.31 6.29 -1.4 0.1 1.1 A 8.7 A A 
138 353 26 7.37 6960.0 348.0 67.1 N 9.5 A N 
143 23.2 2.2 9.48 364.0 18.2 5.7 N 11.2 A N 
145 3.01 0.81 26.91 -39.8 2.0 2.2 A 27.6 N N 
150 8 0.24 3.00 60.0 3.0 1.0 N 6.7 A N 
151 7.8 0.08 1.03 56.0 2.8 0.8 N 6.1 A N 
152 6 0.3 5.00 20.0 1.0 1.1 A 7.8 A A 
156 3.81 0.46 12.07 -23.8 1.2 1.4 A 13.5 A A 
160 4.12 0.4 9.71 -17.6 0.9 1.3 A 11.4 A A 
163 5.02 2.05 40.84 0.4 0.0 5.3 A 41.3 N W 
166 4.78 0.45 9.41 -4.4 0.2 1.4 A 11.2 A A 
171 5.48 0.39 7.12 9.6 0.5 1.3 A 9.3 A A 
172 0.4 0.1 25.00 -92.0 4.6 0.8 N 25.7 N N 
175 4.74 0.41 8.65 -5.2 0.3 1.3 A 10.5 A A 
184 9.37 1.49 15.90 87.4 4.4 3.9 N 17.0 A N 
185 13 1.2 9.23 160.0 8.0 3.2 N 11.0 A N 
188 5.63 0.71 12.61 12.6 0.6 2.0 A 14.0 A A 
192 5.95 1.7 28.57 19.0 1.0 4.5 A 29.2 N W 
193 5.8 1.3 22.41 16.0 0.8 3.4 A 23.2 A A 
194 4.74 1.25 26.37 -5.2 0.3 3.3 A 27.0 N W 
200 6.96 0.8 11.49 39.2 2.0 2.2 A 13.0 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
207 4.92 0.76 15.45 -1.6 0.1 2.1 A 16.6 A A 
212 6.79 0.4 5.89 35.8 1.8 1.3 N 8.4 A N 
213 6.32 0.35 5.54 26.4 1.3 1.2 N 8.2 A N 
214 6.92 0.98 14.16 38.4 1.9 2.6 A 15.4 A A 
225 1.4 0.5 35.71 -72.0 3.6 1.5 N 36.2 N N 
236 5.14 0.48 9.34 2.8 0.1 1.5 A 11.1 A A 
237 6.27 0.61 9.73 25.4 1.3 1.8 A 11.4 A A 
244 10.4 1.6 15.38 108.0 5.4 4.2 N 16.5 A N 
245 24.4 2.7 11.07 388.0 19.4 7.0 N 12.6 A N 
251 5.28 0.95 17.99 5.6 0.3 2.6 A 19.0 A A 
252 27.3 2.5 9.16 446.0 22.3 6.5 N 10.9 A N 
257 4.23 0.53 12.53 -15.4 0.8 1.6 A 13.9 A A 
259 3.18 0.88 27.67 -36.4 1.8 2.4 A 28.3 N N 
261 20 4 20.00 300.0 15.0 10.3 N 20.9 A N 
263 270 59 21.85 5300.0 265.0 152.2 N 22.7 A N 
264 24.2 10.4 42.98 384.0 19.2 26.8 A 43.4 N N 
265 9.78 3.52 35.99 95.6 4.8 9.1 A 36.5 N N 
276 15 25 166.67 200.0 10.0 64.5 A 166.8 N N 
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Performance evaluation of U-234 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 21.8 ± 0.8 [Bq/kg] 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
3 19.1 1.3 6.81 -12.39 2.7 3.9 A 7.7 A A 
5 12.85 1.05 8.17 -41.06 9.0 3.4 N 9.0 A N 
8 7.4 0.3 4.05 -66.06 14.4 2.2 N 5.5 A N 
10 20.24 0.93 4.59 -7.16 1.6 3.2 A 5.9 A A 
12 17.5 0.6 3.43 -19.72 4.3 2.6 N 5.0 A W 
13 34.6 3.4 9.83 58.72 12.8 9.0 N 10.5 A N 
26 24.03 1.18 4.91 10.23 2.2 3.7 A 6.1 A A 
29 16 2 12.50 -26.61 5.8 5.6 N 13.0 A W 
31 13 2 15.38 -40.37 8.8 5.6 N 15.8 A N 
36 22 3 13.64 0.92 0.2 8.0 A 14.1 A A 
39 25 6 24.00 14.68 3.2 15.6 A 24.3 A A 
41 22 1 4.55 0.92 0.2 3.3 A 5.8 A A 
52 17.7 1.4 7.91 -18.81 4.1 4.2 A 8.7 A A 

W
16%

N
35%

A
49%

U-234 in moss-soil

1

6

11

16

21

26

31

36

41

46

110
8 122
83 55 98 257
115
72 91 74 263
88 89 94 5 31 213
82 106
95 81 251
261
246
80 252
143
29 134
71 70 133
181
150
130
12 52 274
78 232
77 93 3 272
216
163
259
59 264
62 260
10 177
200
141
203
191
61 276
86 125
64 36 41 56 114
299
156
63 190
60 175
236
26 151
171
199
39 152
207
193
100
138
13 119
225

Laboratory code

[B
q/

kg
]
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
55 8.76 0.21 2.40 -59.82 13.0 2.1 N 4.4 A N 
56 22 0.64 2.91 0.92 0.2 2.6 A 4.7 A A 
59 19.8 2 10.10 -9.17 2.0 5.6 A 10.7 A A 
60 22.8 2.8 12.28 4.59 1.0 7.5 A 12.8 A A 
61 21 3.36 16.00 -3.67 0.8 8.9 A 16.4 A A 
62 20 1.7 8.50 -8.26 1.8 4.8 A 9.3 A A 
63 22.18 1.71 7.71 1.74 0.4 4.9 A 8.5 A A 
64 21.51 2.11 9.81 -1.33 0.3 5.8 A 10.5 A A 
70 17 3 17.65 -22.02 4.8 8.0 A 18.0 A A 
71 16.81 0.64 3.81 -22.89 5.0 2.6 N 5.3 A W 
72 10.2 1.42 13.92 -53.21 11.6 4.2 N 14.4 A N 
74 10.6 0.5 4.72 -51.38 11.2 2.4 N 6.0 A N 
77 18.44 0.66 3.58 -15.41 3.4 2.7 N 5.1 A W 
78 18.1 1.24 6.85 -16.97 3.7 3.8 A 7.8 A A 
80 14.9 1.9 12.75 -31.65 6.9 5.3 N 13.3 A N 
81 14.4 2.6 18.06 -33.94 7.4 7.0 N 18.4 A N 
82 13.14 0.91 6.93 -39.72 8.7 3.1 N 7.8 A N 
83 8.27 0.47 5.68 -62.06 13.5 2.4 N 6.8 A N 
86 21.1 0.9 4.27 -3.21 0.7 3.1 A 5.6 A A 
88 12.12 0.51 4.21 -44.40 9.7 2.4 N 5.6 A N 
89 12.3 1.33 10.81 -43.58 9.5 4.0 N 11.4 A N 
91 10.56 0.24 2.27 -51.56 11.2 2.2 N 4.3 A N 
93 18.6 1.9 10.22 -14.68 3.2 5.3 A 10.9 A A 
94 12.4 1.1 8.87 -43.12 9.4 3.5 N 9.6 A N 
95 14.21 2.13 14.99 -34.82 7.6 5.9 N 15.4 A N 
98 9.163 1.236 13.49 -57.97 12.6 3.8 N 14.0 A N 

100 30 3 10.00 37.61 8.2 8.0 N 10.7 A N 
106 14 1.78 12.71 -35.78 7.8 5.0 N 13.2 A N 
110 2.85 0.0627 2.20 -86.93 19.0 2.1 N 4.3 A N 
114 22 1 4.55 0.92 0.2 3.3 A 5.8 A A 
115 9.81 0.65 6.63 -55.00 12.0 2.7 N 7.6 A N 
119 60 5.6 9.33 175.23 38.2 14.6 N 10.0 A N 
122 8.10 1.2 14.81 -62.84 13.7 3.7 N 15.3 A N 
125 21.5 1.3 6.05 -1.38 0.3 3.9 A 7.1 A A 
130 17.3 0.3 1.73 -20.64 4.5 2.2 N 4.1 A W 
133 17.2 0.5 2.91 -21.10 4.6 2.4 N 4.7 A W 
134 16.2 1.06 6.54 -25.69 5.6 3.4 N 7.5 A W 
138 34 3 8.82 55.96 12.2 8.0 N 9.6 A N 
141 20.61 2.88 13.97 -5.46 1.2 7.7 A 14.4 A A 
143 15.68 0.32 2.04 -28.07 6.1 2.2 N 4.2 A W 
150 17.23 1.14 6.62 -20.96 4.6 3.6 N 7.6 A W 
151 24.23 0.6 2.48 11.15 2.4 2.6 A 4.4 A A 
152 25 4 16.00 14.68 3.2 10.5 A 16.4 A A 
156 22.13 1.746 7.89 1.51 0.3 5.0 A 8.7 A A 
163 19.7 1.4 7.11 -9.63 2.1 4.2 A 8.0 A A 
171 24.89 0.96 3.86 14.17 3.1 3.2 A 5.3 A A 
175 22.8 0.94 4.12 4.59 1.0 3.2 A 5.5 A A 
177 20.4 0.6 2.94 -6.42 1.4 2.6 A 4.7 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
181 17.22 1.12 6.50 -21.01 4.6 3.6 N 7.5 A W 
190 22.61 1.95 8.62 3.72 0.8 5.4 A 9.4 A A 
191 20.76 0.98 4.72 -4.77 1.0 3.3 A 6.0 A A 
193 26.4 10 37.88 21.10 4.6 25.9 A 38.1 N W 
199 24.95 3.16 12.67 14.45 3.2 8.4 A 13.2 A A 
200 20.6 1 4.85 -5.50 1.2 3.3 A 6.1 A A 
203 20.74 1.59 7.64 -4.84 1.1 4.6 A 8.5 A A 
207 26.1 2.6 9.96 19.72 4.3 7.0 A 10.6 A A 
213 13.09 1.13 8.63 -39.95 8.7 3.6 N 9.4 A N 
216 19.6 0.5 2.55 -10.09 2.2 2.4 A 4.5 A A 
225 764 98 12.83 3404 742.2 252.8 N 13.3 A N 
232 18.14 0.29 1.60 -16.79 3.7 2.2 N 4.0 A W 
236 24 2 8.33 10.09 2.2 5.6 A 9.1 A A 
246 14.6 0.43 2.95 -33.03 7.2 2.3 N 4.7 A N 
251 14.4 1.6 11.11 -33.94 7.4 4.6 N 11.7 A N 
252 15.5 2.3 14.84 -28.90 6.3 6.3 N 15.3 A W 
257 9.45 0.58 6.14 -56.65 12.4 2.5 N 7.2 A N 
259 19.70 2.80 14.21 -9.50 2.1 7.5 A 14.7 A A 
260 20 2.8 14.00 -8.26 1.8 7.5 A 14.5 A A 
261 14.4 1 6.94 -33.94 7.4 3.3 N 7.9 A N 
263 10.9 1.6 14.68 -50.00 10.9 4.6 N 15.1 A N 
264 19.8 2.5 12.63 -9.17 2.0 6.8 A 13.1 A A 
265 19.2 0.94 4.90 -11.93 2.6 3.2 A 6.1 A A 
272 19.4 0.96 4.95 -11.01 2.4 3.2 A 6.2 A A 
274 17.7 0.7 3.95 -18.81 4.1 2.7 N 5.4 A W 
276 21 4 19.05 -3.67 0.8 10.5 A 19.4 A A 
299 22.1 2.4 10.86 1.38 0.3 6.5 A 11.5 A A 
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Performance evaluation of U-238 measurement results 

IAEA-447 Moss-soil reference material 

Target Value: 22.2 ± 0.8 [Bq/kg] 

 

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
3 20.2 0.9 4.46 -9.01 2.0 3.1 A 5.7 A A 
5 12.09 1 8.27 -45.54 10.1 3.3 N 9.0 A N 
8 9.5 0.4 4.21 -57.21 12.7 2.3 N 5.5 A N 
10 21.06 0.96 4.56 -5.14 1.1 3.2 A 5.8 A A 
12 18.9 0.6 3.17 -14.86 3.3 2.6 N 4.8 A W 
13 37 3.6 9.73 66.67 14.8 9.5 N 10.4 A N 
26 25.25 1.23 4.87 13.74 3.1 3.8 A 6.1 A A 
29 13 2 15.38 -41.44 9.2 5.6 N 15.8 A N 
31 11 2 18.18 -50.45 11.2 5.6 N 18.5 A N 
32 21.9 0.7 3.20 -1.35 0.3 2.7 A 4.8 A A 
36 22 3 13.64 -0.90 0.2 8.0 A 14.1 A A 
39 22.4 0.8 3.57 0.90 0.2 2.9 A 5.1 A A 
41 23 1 4.35 3.60 0.8 3.3 A 5.6 A A 

A
49%

N
44%

W
7%

U-238 in moss-soil

1
5
9

13
17
21
25
29
33

37
41
45

110
122
98 60 55 83 89 8 263
72 257
91 115
74 31 5 88 93 80 94 150
29 82 95 261
246
213
81 106
181
134
71 143
251
252
133
203
191
70 130
232
78 12 274
52 260
62 3 77 59 190
200
259
151
152
10 216
265
272
125
86 177
163
32 36 63 264
39 56 61 141
41 114
276
64 299
175
120
199
207
156
236
26 193
171
100
267
13 119
225

Laboratory code

[B
q/

kg
]
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
52 19.5 1.6 8.21 -12.16 2.7 4.6 A 9.0 A A 
55 8.78 0.17 1.94 -60.45 13.4 2.1 N 4.1 A N 
56 22.5 0.65 2.89 1.35 0.3 2.7 A 4.6 A A 
59 20.5 2 9.76 -7.66 1.7 5.6 A 10.4 A A 
60 8.67 1.38 15.92 -60.95 13.5 4.1 N 16.3 A N 
61 22.9 3.66 15.98 3.15 0.7 9.7 A 16.4 A A 
62 20 2 10.00 -9.91 2.2 5.6 A 10.6 A A 
63 22.05 1.62 7.35 -0.68 0.1 4.7 A 8.2 A A 
64 23.47 2.21 9.42 5.72 1.3 6.1 A 10.1 A A 
70 18 3 16.67 -18.92 4.2 8.0 A 17.1 A A 
71 16.79 0.64 3.81 -24.37 5.4 2.6 N 5.2 A N 
72 9.78 1.37 14.01 -55.95 12.4 4.1 N 14.5 A N 
74 10.5 0.4 3.81 -52.70 11.7 2.3 N 5.2 A N 
77 20.35 0.72 3.54 -8.33 1.9 2.8 A 5.1 A A 
78 18.8 1.25 6.65 -15.32 3.4 3.8 A 7.6 A A 
80 12.2 1.4 11.48 -45.05 10.0 4.2 N 12.0 A N 
81 16 2.2 13.75 -27.93 6.2 6.0 N 14.2 A N 
82 13.27 0.91 6.86 -40.23 8.9 3.1 N 7.7 A N 
83 9.1 0.6 6.59 -59.01 13.1 2.6 N 7.5 A N 
86 21.6 0.9 4.17 -2.70 0.6 3.1 A 5.5 A A 
88 12.09 0.47 3.89 -45.54 10.1 2.4 N 5.3 A N 
89 9.2 1.02 11.09 -58.56 13.0 3.3 N 11.7 A N 
91 10.12 0.24 2.37 -54.41 12.1 2.2 N 4.3 A N 
93 12.19 1.49 12.22 -45.09 10.0 4.4 N 12.7 A N 
94 12.2 1.1 9.02 -45.05 10.0 3.5 N 9.7 A N 
95 13.32 1.99 14.94 -40.00 8.9 5.5 N 15.4 A N 
98 7.265 1.075 14.80 -67.27 14.9 3.5 N 15.2 A N 

100 27.3 2.7 9.89 22.97 5.1 7.3 A 10.5 A A 
106 16.5 2.07 12.55 -25.68 5.7 5.7 A 13.1 A A 
110 2.72 0.0528 1.94 -87.75 19.5 2.1 N 4.1 A N 
114 23 1 4.35 3.60 0.8 3.3 A 5.6 A A 
115 10.24 0.66 6.45 -53.87 12.0 2.7 N 7.4 A N 
119 51.1 4.7 9.20 130.18 28.9 12.3 N 9.9 A N 
120 24.1 0.7 2.90 8.56 1.9 2.7 A 4.6 A A 
122 7.1 1.05 14.79 -68.02 15.1 3.4 N 15.2 A N 
125 21.5 1.3 6.05 -3.15 0.7 3.9 A 7.0 A A 
130 18.2 0.7 3.85 -18.02 4.0 2.7 N 5.3 A W 
133 17.5 0.6 3.43 -21.17 4.7 2.6 N 5.0 A N 
134 16.7 1.08 6.47 -24.77 5.5 3.5 N 7.4 A N 
141 22.97 3.27 14.24 3.47 0.8 8.7 A 14.7 A A 
143 16.86 0.34 2.02 -24.05 5.3 2.2 N 4.1 A N 
150 12.7 0.9 7.09 -42.79 9.5 3.1 N 8.0 A N 
151 20.99 0.35 1.67 -5.45 1.2 2.3 A 4.0 A A 
152 21 3 14.29 -5.41 1.2 8.0 A 14.7 A A 
156 24.99 1.947 7.79 12.57 2.8 5.4 A 8.6 A A 
163 21.8 1.5 6.88 -1.80 0.4 4.4 A 7.8 A A 
171 27.1 1 3.69 22.07 4.9 3.3 N 5.2 A N 
175 23.8 0.97 4.08 7.21 1.6 3.2 A 5.4 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True P Prec Final 

Score 
177 21.6 0.6 2.78 -2.70 0.6 2.6 A 4.5 A A 
181 16.61 1.1 6.62 -25.18 5.6 3.5 N 7.5 A N 
190 20.57 1.84 8.95 -7.34 1.6 5.2 A 9.6 A A 
191 17.83 0.9 5.05 -19.68 4.4 3.1 N 6.2 A W 
193 25.7 9 35.02 15.77 3.5 23.3 A 35.2 N W 
199 24.2 3.17 13.10 9.01 2.0 8.4 A 13.6 A A 
200 20.6 1 4.85 -7.21 1.6 3.3 A 6.0 A A 
203 17.55 1.4765 8.41 -20.92 4.6 4.3 N 9.1 A N 
207 24.7 2.6 10.53 11.26 2.5 7.0 A 11.1 A A 
213 14.73 1.26 8.55 -33.65 7.5 3.9 N 9.3 A N 
216 21.2 0.6 2.83 -4.50 1.0 2.6 A 4.6 A A 
225 74.5 25 33.56 235.59 52.3 64.5 A 33.7 N N 
232 18.75 0.25 1.33 -15.54 3.5 2.2 N 3.8 A W 
236 25 2 8.00 12.61 2.8 5.6 A 8.8 A A 
246 14.1 0.3 2.13 -36.49 8.1 2.2 N 4.2 A N 
251 16.9 1.5 8.88 -23.87 5.3 4.4 N 9.6 A N 
252 16.9 2.4 14.20 -23.87 5.3 6.5 A 14.7 A A 
257 10 0.59 5.90 -54.95 12.2 2.6 N 6.9 A N 
259 20.72 2.92 14.10 -6.65 1.5 7.8 A 14.6 A A 
260 19.7 2.76 14.01 -11.26 2.5 7.4 A 14.5 A A 
261 13.8 1 7.25 -37.84 8.4 3.3 N 8.1 A N 
263 9.66 1.5 15.53 -56.49 12.5 4.4 N 15.9 A N 
264 22.1 2.64 11.95 -0.45 0.1 7.1 A 12.5 A A 
265 21.4 0.98 4.58 -3.60 0.8 3.3 A 5.8 A A 
267 33.6 4 11.90 51.35 11.4 10.5 N 12.4 A N 
272 21.4 1.08 5.05 -3.60 0.8 3.5 A 6.2 A A 
274 19 0.8 4.21 -14.41 3.2 2.9 N 5.5 A W 
276 23 4 17.39 3.60 0.8 10.5 A 17.8 A A 
299 23.7 1.8 7.59 6.76 1.5 5.1 A 8.4 A A 
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Performance evaluation of Co-57 measurement results 

Spiked water sample 02 

Target Value: 7.5 ± 0.15 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 8.21 0.77 9.38 9.47 0.7 2.0 A 9.6 A A 
3 7.4 0.7 9.46 -1.33 0.1 1.8 A 9.7 A A 
4 6.8 1 14.71 -9.33 0.7 2.6 A 14.8 N W 
5 6.8 0.65 9.56 -9.33 0.7 1.7 A 9.8 A A 
6 6.8 0.5 7.35 -9.33 0.7 1.3 A 7.6 A A 
7 7.31 0.38 5.20 -2.53 0.2 1.1 A 5.6 A A 
9 6.6 1 15.15 -12.00 0.9 2.6 A 15.3 N N 
11 8.3 0.5 6.02 10.67 0.8 1.3 A 6.3 A A 
12 8.6 1.3 15.12 14.67 1.1 3.4 A 15.2 N N 
13 5.99 0.25 4.17 -20.13 1.5 0.8 N 4.6 A N 
14 4.78 0.41 8.58 -36.27 2.7 1.1 N 8.8 A N 

W
12%

N
34%

A
54%

1

3

5

7

9

11

13

[B
q/

kg
]

Laboratory code

Co-57 in Water sample 02
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
15 4.23 1.29 30.50 -43.60 3.3 3.4 A 30.6 N N 
16 6.95 0.21 3.02 -7.33 0.6 0.7 A 3.6 A A 
17 7.45 0.45 6.04 -0.67 0.0 1.2 A 6.4 A A 
18 7.01 0.17 2.43 -6.53 0.5 0.6 A 3.1 A A 
19 6.707 0.109 1.63 -10.57 0.8 0.5 N 2.6 A N 
20 7.16 0.21 2.93 -4.53 0.3 0.7 A 3.5 A A 
21 7.72 0.84 10.88 2.93 0.2 2.2 A 11.1 N W 
22 7.47 0.16 2.14 -0.40 0.0 0.6 A 2.9 A A 
23 7.32 0.4 5.46 -2.40 0.2 1.1 A 5.8 A A 
24 7.19 0.18 2.50 -4.13 0.3 0.6 A 3.2 A A 
25 7.07 0.42 5.94 -5.73 0.4 1.2 A 6.3 A A 
26 7.03 1.7 24.18 -6.27 0.5 4.4 A 24.3 N W 
27 7.743 0.7978 10.30 3.24 0.2 2.1 A 10.5 N W 
29 11.5 2.7 23.48 53.33 4.0 7.0 A 23.6 N N 
30 6.1 0.4 6.56 -18.67 1.4 1.1 N 6.9 A N 
31 7.6 1.2 15.79 1.33 0.1 3.1 A 15.9 N W 
32 7.08 0.86 12.15 -5.60 0.4 2.3 A 12.3 N W 
34 6.8 2 29.41 -9.33 0.7 5.2 A 29.5 N W 
36 7.8 0.28 3.59 4.00 0.3 0.8 A 4.1 A A 
37 5.15 0.33 6.41 -31.33 2.4 0.9 N 6.7 A N 
38 9 0.0118 0.13 20.00 1.5 0.4 N 2.0 A N 
39 7.7 0.6 7.79 2.67 0.2 1.6 A 8.0 A A 
40 7.5 0.42 5.60 0.00 0.0 1.2 A 5.9 A A 
41 6.4 0.6 9.38 -14.67 1.1 1.6 A 9.6 A A 
42 7.3 0.7 9.59 -2.67 0.2 1.8 A 9.8 A A 
43 4.38 0.078 1.78 -41.60 3.1 0.4 N 2.7 A N 
44 8.08 1.27 15.72 7.73 0.6 3.3 A 15.8 N W 
45 7.62 0.51 6.69 1.60 0.1 1.4 A 7.0 A A 
46 7.2 0.41 5.69 -4.00 0.3 1.1 A 6.0 A A 
47 7.68 0.46 5.99 2.40 0.2 1.2 A 6.3 A A 
50 7.45 0.38 5.10 -0.67 0.0 1.1 A 5.5 A A 
51 8.93 0.35 3.92 19.07 1.4 1.0 N 4.4 A N 
52 10.9 1.2 11.01 45.33 3.4 3.1 N 11.2 N N 
53 7.6 0.6 7.89 1.33 0.1 1.6 A 8.1 A A 
54 7.81 0.7 8.96 4.13 0.3 1.8 A 9.2 A A 
55 6.51 0.92 14.13 -13.20 1.0 2.4 A 14.3 N N 
56 7.4 0.8 10.81 -1.33 0.1 2.1 A 11.0 N W 
57 7.72 0.5 6.48 2.93 0.2 1.3 A 6.8 A A 
58 8.7 0.5 5.75 16.00 1.2 1.3 A 6.1 A A 
59 7.9 0.3 3.80 5.33 0.4 0.9 A 4.3 A A 
60 6.67 0.19 2.85 -11.07 0.8 0.6 N 3.5 A N 
61 7.4 0.44 5.95 -1.33 0.1 1.2 A 6.3 A A 
62 7.98 0.28 3.51 6.40 0.5 0.8 A 4.0 A A 
63 7.61 0.32 4.20 1.47 0.1 0.9 A 4.7 A A 
64 7.69 0.636 8.27 2.53 0.2 1.7 A 8.5 A A 
65 7.64 0.24 3.14 1.87 0.1 0.7 A 3.7 A A 
68 7.4 0.4 5.41 -1.33 0.1 1.1 A 5.8 A A 
70 8.9 2 22.47 18.67 1.4 5.2 A 22.6 N N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
71 7.33 0.19 2.59 -2.27 0.2 0.6 A 3.3 A A 
72 7.04 0.13 1.85 -6.13 0.5 0.5 A 2.7 A A 
73 5.8 0.4 6.90 -22.67 1.7 1.1 N 7.2 A N 
74 6.2 2.8 45.16 -17.33 1.3 7.2 A 45.2 N N 
75 12 0.4 3.33 60.00 4.5 1.1 N 3.9 A N 
76 7.93 0.5 6.31 5.73 0.4 1.3 A 6.6 A A 
77 7.503 0.291 3.88 0.04 0.0 0.8 A 4.4 A A 
78 5.9 0.219 3.71 -21.33 1.6 0.7 N 4.2 A N 
79 13.9 1.2 8.63 85.33 6.4 3.1 N 8.9 A N 
80 7.8 1.4 17.95 4.00 0.3 3.6 A 18.1 N W 
81 6.98 1.1 15.76 -6.93 0.5 2.9 A 15.9 N W 
82 10.37 0.17 1.64 38.27 2.9 0.6 N 2.6 A N 
83 10.85 1.29 11.89 44.67 3.4 3.4 A 12.1 N N 
84 9.4 0.7 7.45 25.33 1.9 1.8 N 7.7 A N 
86 6.2 1.3 20.97 -17.33 1.3 3.4 A 21.1 N N 
87 8.5 0.8 9.41 13.33 1.0 2.1 A 9.6 A A 
88 7.3 0.5 6.85 -2.67 0.2 1.3 A 7.1 A A 
89 5.05 0.45 8.91 -32.67 2.5 1.2 N 9.1 A N 
91 8.4 1.2 14.29 12.00 0.9 3.1 A 14.4 N N 
92 5.37 0.33 6.15 -28.40 2.1 0.9 N 6.5 A N 
93 10.87 0.29 2.67 44.93 3.4 0.8 N 3.3 A N 
94 6.3 0.5 7.94 -16.00 1.2 1.3 A 8.2 A A 
95 7.75 0.53 6.84 3.33 0.3 1.4 A 7.1 A A 
96 7.1 0.4 5.63 -5.33 0.4 1.1 A 6.0 A A 
97 7.18 0.47 6.55 -4.27 0.3 1.3 A 6.8 A A 
98 8.1 1.06 13.09 8.00 0.6 2.8 A 13.2 N W 
99 7.6 0.21 2.76 1.33 0.1 0.7 A 3.4 A A 

100 5.38 1.12 20.82 -28.27 2.1 2.9 A 20.9 N N 
101 8.8 0.5 5.68 17.33 1.3 1.3 A 6.0 A A 
103 5.951 0.283 4.76 -20.65 1.5 0.8 N 5.2 A N 
105 11.46 0.53 4.62 52.80 4.0 1.4 N 5.0 A N 
106 7.93 0.65 8.20 5.73 0.4 1.7 A 8.4 A A 
107 5.55 1.42 25.59 -26.00 2.0 3.7 A 25.7 N N 
109 9.1 1.2 13.19 21.33 1.6 3.1 A 13.3 N N 
110 6.72 0.506 7.53 -10.40 0.8 1.4 A 7.8 A A 
111 7.01 0.72 10.27 -6.53 0.5 1.9 A 10.5 N W 
112 7.67 0.6 7.82 2.27 0.2 1.6 A 8.1 A A 
113 9.44 1.74 18.43 25.87 1.9 4.5 A 18.5 N N 
114 7.6 0.4 5.26 1.33 0.1 1.1 A 5.6 A A 
118 7 0.41 5.86 -6.67 0.5 1.1 A 6.2 A A 
119 7.93 0.51 6.43 5.73 0.4 1.4 A 6.7 A A 
120 7.67 0.6 7.82 2.27 0.2 1.6 A 8.1 A A 
122 7.4 0.3 4.05 -1.33 0.1 0.9 A 4.5 A A 
123 5.31 0.48 9.04 -29.20 2.2 1.3 N 9.3 A N 
124 6.399 0.479 7.49 -14.68 1.1 1.3 A 7.7 A A 
125 8.1 0.5 6.17 8.00 0.6 1.3 A 6.5 A A 
126 5.7 0.9 15.79 -24.00 1.8 2.4 A 15.9 N N 
127 6.75 0.46 6.81 -10.00 0.8 1.2 A 7.1 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
128 7.4 0.3 4.05 -1.33 0.1 0.9 A 4.5 A A 
130 7.87 0.63 8.01 4.93 0.4 1.7 A 8.3 A A 
131 7.98 0.6 7.52 6.40 0.5 1.6 A 7.8 A A 
132 7.368 0.251 3.41 -1.76 0.1 0.8 A 4.0 A A 
133 7.2 0.6 8.33 -4.00 0.3 1.6 A 8.6 A A 
134 7.32 0.17 2.32 -2.40 0.2 0.6 A 3.1 A A 
136 9.519 0.465 4.88 26.92 2.0 1.3 N 5.3 A N 
138 7.68 0.84 10.94 2.40 0.2 2.2 A 11.1 N W 
139 7.62 0.357 4.69 1.60 0.1 1.0 A 5.1 A A 
140 6.4 0.35 5.47 -14.67 1.1 1.0 N 5.8 A N 
141 11.01 0.96 8.72 46.80 3.5 2.5 N 8.9 A N 
144 2.68 1.98 73.88 -64.27 4.8 5.1 A 73.9 N N 
146 5.32 0.33 6.20 -29.07 2.2 0.9 N 6.5 A N 
150 2.84 0.15 5.28 -62.13 4.7 0.5 N 5.6 A N 
151 4.33 0.38 8.78 -42.27 3.2 1.1 N 9.0 A N 
152 4.4 0.4 9.09 -41.33 3.1 1.1 N 9.3 A N 
153 7.164 0.901 12.58 -4.48 0.3 2.4 A 12.7 N W 
154 7.9 0.6 7.59 5.33 0.4 1.6 A 7.9 A A 
157 7.4 0.5 6.76 -1.33 0.1 1.3 A 7.0 A A 
158 7.66 0.4 5.22 2.13 0.2 1.1 A 5.6 A A 
159 7.3 0.2 2.74 -2.67 0.2 0.6 A 3.4 A A 
160 10.86 2.2 20.26 44.80 3.4 5.7 A 20.4 N N 
161 7.64 0.69 9.03 1.87 0.1 1.8 A 9.3 A A 
162 7.57 0.47 6.21 0.93 0.1 1.3 A 6.5 A A 
163 7.07 0.66 9.34 -5.73 0.4 1.7 A 9.5 A A 
164 7.73 0.68 8.80 3.07 0.2 1.8 A 9.0 A A 
165 7.67 0.41 5.35 2.27 0.2 1.1 A 5.7 A A 
166 7.56 0.52 6.88 0.80 0.1 1.4 A 7.2 A A 
167 5.42 0.29 5.35 -27.73 2.1 0.8 N 5.7 A N 
168 7.37 0.15 2.04 -1.73 0.1 0.5 A 2.9 A A 
169 7.57 0.23 3.04 0.93 0.1 0.7 A 3.6 A A 
170 7.1 0.4 5.63 -5.33 0.4 1.1 A 6.0 A A 
171 7.28 0.37 5.08 -2.93 0.2 1.0 A 5.5 A A 
173 7.1 0.24 3.38 -5.33 0.4 0.7 A 3.9 A A 
174 7.36 0.29 3.94 -1.87 0.1 0.8 A 4.4 A A 
175 7.04 0.45 6.39 -6.13 0.5 1.2 A 6.7 A A 
176 8.44 0.22 2.61 12.53 0.9 0.7 N 3.3 A N 
177 7.49 0.21 2.80 -0.13 0.0 0.7 A 3.4 A A 
178 6.96 0.405 5.82 -7.20 0.5 1.1 A 6.2 A A 
179 7.49 0.5 6.68 -0.13 0.0 1.3 A 7.0 A A 
181 7.83 0.21 2.68 4.40 0.3 0.7 A 3.3 A A 
183 8.18 0.62 7.58 9.07 0.7 1.6 A 7.8 A A 
184 11.36 0.7 6.16 51.47 3.9 1.8 N 6.5 A N 
185 6.43 0.51 7.93 -14.27 1.1 1.4 A 8.2 A A 
186 7.56 0.32 4.23 0.80 0.1 0.9 A 4.7 A A 
187 6.3 0.8 12.70 -16.00 1.2 2.1 A 12.9 N N 
188 8.04 0.8 9.95 7.20 0.5 2.1 A 10.1 N W 
190 7.58 1.31 17.28 1.07 0.1 3.4 A 17.4 N W 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
191 6.49 0.37 5.70 -13.47 1.0 1.0 A 6.0 A A 
192 10.9 1.1 10.09 45.33 3.4 2.9 N 10.3 N N 
193 11.3 0.5 4.42 50.67 3.8 1.3 N 4.9 A N 
194 10 0.6 6.00 33.33 2.5 1.6 N 6.3 A N 
195 7.14 0.87 12.18 -4.80 0.4 2.3 A 12.3 N W 
197 14.5 0.28 1.93 93.33 7.0 0.8 N 2.8 A N 
199 7.5 0.7 9.33 0.00 0.0 1.8 A 9.5 A A 
200 7.05 0.32 4.54 -6.00 0.5 0.9 A 5.0 A A 
201 7.35 0.204 2.78 -2.00 0.2 0.7 A 3.4 A A 
202 12.97 0.741 5.71 72.93 5.5 2.0 N 6.1 A N 
206 5.14 0.1 1.95 -31.47 2.4 0.5 N 2.8 A N 
207 6.6 1.1 16.67 -12.00 0.9 2.9 A 16.8 N N 
208 8.2 1 12.20 9.33 0.7 2.6 A 12.4 N W 
209 6.42 0.16 2.49 -14.40 1.1 0.6 N 3.2 A N 
210 7 0.12 1.71 -6.67 0.5 0.5 N 2.6 A W 
211 7.47 0.37 4.95 -0.40 0.0 1.0 A 5.3 A A 
212 8.31 0.34 4.09 10.80 0.8 1.0 A 4.6 A A 
213 6.87 0.78 11.35 -8.40 0.6 2.0 A 11.5 N W 
214 7.98 0.25 3.13 6.40 0.5 0.8 A 3.7 A A 
215 7.41 0.36 4.86 -1.20 0.1 1.0 A 5.3 A A 
216 7.9 1.7 21.52 5.33 0.4 4.4 A 21.6 N W 
217 8.77 0.4 4.56 16.93 1.3 1.1 N 5.0 A N 
218 7.574 0.175 2.31 0.99 0.1 0.6 A 3.1 A A 
219 7.16 0.19 2.65 -4.53 0.3 0.6 A 3.3 A A 
220 7.75 0.69 8.90 3.33 0.3 1.8 A 9.1 A A 
221 8.2 0.8 9.76 9.33 0.7 2.1 A 10.0 A A 
223 4.9 0.76 15.51 -34.67 2.6 2.0 N 15.6 N N 
224 6.82 0.34 4.99 -9.07 0.7 1.0 A 5.4 A A 
225 80.5 24 29.81 973.33 73.0 61.9 N 29.9 N N 
226 13 3 23.08 73.33 5.5 7.7 A 23.2 N N 
227 7.55 0.4 5.30 0.67 0.0 1.1 A 5.7 A A 
232 10.7 0.3 2.80 42.67 3.2 0.9 N 3.4 A N 
233 7.15 0.64 8.95 -4.67 0.4 1.7 A 9.2 A A 
234 6.45 1.43 22.17 -14.00 1.1 3.7 A 22.3 N N 
235 9.62 0.65 6.76 28.27 2.1 1.7 N 7.0 A N 
236 7.63 1.16 15.20 1.73 0.1 3.0 A 15.3 N W 
237 7.7 0.7 9.09 2.67 0.2 1.8 A 9.3 A A 
238 7.54 0.17 2.25 0.53 0.0 0.6 A 3.0 A A 
239 7.67 0.29 3.78 2.27 0.2 0.8 A 4.3 A A 
240 6.9 0.9 13.04 -8.00 0.6 2.4 A 13.2 N W 
241 5.4 1.6 29.63 -28.00 2.1 4.1 A 29.7 N N 
242 7.05 0.22 3.12 -6.00 0.5 0.7 A 3.7 A A 
243 7.315 0.4056 5.54 -2.47 0.2 1.1 A 5.9 A A 
244 5.86 0.241 4.11 -21.87 1.6 0.7 N 4.6 A N 
245 7.17 0.21 2.93 -4.40 0.3 0.7 A 3.5 A A 
246 12.8 0.22 1.72 70.67 5.3 0.7 N 2.6 A N 
249 9.22 0.38 4.12 22.93 1.7 1.1 N 4.6 A N 
250 9.1 0.32 3.52 21.33 1.6 0.9 N 4.0 A N 
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Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
251 6.52 0.62 9.51 -13.07 1.0 1.6 A 9.7 A A 
252 7.7 0.3 3.90 2.67 0.2 0.9 A 4.4 A A 
253 6.9 0.3 4.35 -8.00 0.6 0.9 A 4.8 A A 
254 7.34 0.37 5.04 -2.13 0.2 1.0 A 5.4 A A 
255 12.8 0.4 3.13 70.67 5.3 1.1 N 3.7 A N 
256 8.02 0.67 8.35 6.93 0.5 1.8 A 8.6 A A 
257 7.63 0.37 4.85 1.73 0.1 1.0 A 5.2 A A 
258 7.92 0.49 6.19 5.60 0.4 1.3 A 6.5 A A 
259 2.52 0.33 13.10 -66.40 5.0 0.9 N 13.2 N N 
261 9.1 0.8 8.79 21.33 1.6 2.1 A 9.0 A A 
263 9.2 2.1 22.83 22.67 1.7 5.4 A 22.9 N N 
264 10.4 0.362 3.48 38.67 2.9 1.0 N 4.0 A N 
265 11.1 0.108 0.97 48.00 3.6 0.5 N 2.2 A N 
267 6.4 0.61 9.53 -14.67 1.1 1.6 A 9.7 A A 
268 7.61 0.9 11.83 1.47 0.1 2.4 A 12.0 N W 
269 8.1 1 12.35 8.00 0.6 2.6 A 12.5 N W 
270 6.04 0.34 5.63 -19.47 1.5 1.0 N 6.0 A N 
271 6.72 0.27 4.02 -10.40 0.8 0.8 A 4.5 A A 
272 10.9 0.34 3.12 45.33 3.4 1.0 N 3.7 A N 
273 6.6 0.3 4.55 -12.00 0.9 0.9 N 5.0 A N 
274 8.3 0.69 8.31 10.67 0.8 1.8 A 8.6 A A 
275 11.46 0.37 3.23 52.80 4.0 1.0 N 3.8 A N 
276 7.2 1.9 26.39 -4.00 0.3 4.9 A 26.5 N W 
278 11.4 0.87 7.63 52.00 3.9 2.3 N 7.9 A N 
279 7.58 0.21 2.77 1.07 0.1 0.7 A 3.4 A A 
284 8.05 0.68 8.45 7.33 0.6 1.8 A 8.7 A A 
285 9.00 0.76 8.44 20.00 1.5 2.0 A 8.7 A A 
288 7.4 0.3 4.05 -1.33 0.1 0.9 A 4.5 A A 
289 7.5 0.8 10.67 0.00 0.0 2.1 A 10.9 N W 
290 7.1 0.5 7.04 -5.33 0.4 1.3 A 7.3 A A 
292 7.6 0.5 6.58 1.33 0.1 1.3 A 6.9 A A 
293 7.6 0.5 6.58 1.33 0.1 1.3 A 6.9 A A 
294 7.91 0.32 4.05 5.47 0.4 0.9 A 4.5 A A 
295 8.41 0.57 6.78 12.13 0.9 1.5 A 7.1 A A 
296 9.9 0.8 8.08 32.00 2.4 2.1 N 8.3 A N 
297 8.26 2.54 30.75 10.13 0.8 6.6 A 30.8 N N 
298 7.74 0.23 2.97 3.20 0.2 0.7 A 3.6 A A 
299 7.29 1.3 17.83 -2.80 0.2 3.4 A 17.9 N W 
300 6.44 0.52 8.07 -14.13 1.1 1.4 A 8.3 A A 
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Performance evaluation of Co-60 measurement results 

Spiked water sample 02 

Target Value: 6.0 ± 0.12 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 6.85 0.68 9.93 14.17 0.9 1.8 A 10.1 N N 
2 5.99 0.29 4.84 -0.17 0.0 0.8 A 5.2 A A 
3 6.1 0.6 9.84 1.67 0.1 1.6 A 10.0 N W 
4 6 0.1 1.67 0.00 0.0 0.4 A 2.6 A A 
5 5.92 0.3 5.07 -1.33 0.1 0.8 A 5.4 A A 
6 5.3 0.22 4.15 -11.67 0.7 0.6 N 4.6 A N 
7 5.83 0.15 2.57 -2.83 0.2 0.5 A 3.3 A A 
9 5.83 0.23 3.95 -2.83 0.2 0.7 A 4.4 A A 
11 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
12 6.9 0.2 2.90 15.00 0.9 0.6 N 3.5 A N 
13 5.35 0.15 2.80 -10.83 0.7 0.5 N 3.4 A N 
14 3.51 0.76 21.65 -41.50 2.5 2.0 N 21.7 N N 
15 3.09 0.71 22.98 -48.50 2.9 1.9 N 23.1 N N 

A
77%

N
17%

W
6%

1

3

5

7

9

11

[B
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]

Laboratory code

Co-60 Water sample 02, world wide PT 2009
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
16 6.08 0.12 1.97 1.33 0.1 0.4 A 2.8 A A 
17 6.36 0.28 4.40 6.00 0.4 0.8 A 4.8 A A 
18 6.03 0.1 1.66 0.50 0.0 0.4 A 2.6 A A 
19 6.17 0.055 0.89 2.83 0.2 0.3 A 2.2 A A 
20 6.16 0.08 1.30 2.67 0.2 0.4 A 2.4 A A 
21 6.37 0.66 10.36 6.17 0.4 1.7 A 10.6 N W 
22 6.07 0.06 0.99 1.17 0.1 0.3 A 2.2 A A 
23 6.14 0.08 1.30 2.33 0.1 0.4 A 2.4 A A 
24 6.21 0.1 1.61 3.50 0.2 0.4 A 2.6 A A 
25 14.27 1.57 11.00 137.83 8.3 4.1 N 11.2 N N 
26 5.97 0.29 4.86 -0.50 0.0 0.8 A 5.3 A A 
27 5.591 0.4853 8.68 -6.82 0.4 1.3 A 8.9 A A 
30 6 0.4 6.67 0.00 0.0 1.1 A 7.0 A A 
31 4.8 0.6 12.50 -20.00 1.2 1.6 A 12.7 N N 
32 6.11 0.29 4.75 1.83 0.1 0.8 A 5.2 A A 
33 6.01 0.57 9.48 0.17 0.0 1.5 A 9.7 A A 
34 6.15 0.16 2.60 2.50 0.2 0.5 A 3.3 A A 
35 6.6 0.2 3.03 10.00 0.6 0.6 A 3.6 A A 
36 6.21 0.16 2.58 3.50 0.2 0.5 A 3.3 A A 
37 6.33 0.42 6.64 5.50 0.3 1.1 A 6.9 A A 
38 6.2 0.0011 0.02 3.33 0.2 0.3 A 2.0 A A 
39 6.1 0.2 3.28 1.67 0.1 0.6 A 3.8 A A 
40 6.18 0.33 5.34 3.00 0.2 0.9 A 5.7 A A 
41 6 0.4 6.67 0.00 0.0 1.1 A 7.0 A A 
42 6.2 0.3 4.84 3.33 0.2 0.8 A 5.2 A A 
43 3.68 0.19 5.16 -38.67 2.3 0.6 N 5.5 A N 
44 5.67 0.27 4.76 -5.50 0.3 0.8 A 5.2 A A 
45 6.27 0.25 3.99 4.50 0.3 0.7 A 4.5 A A 
46 5.2 0.26 5.00 -13.33 0.8 0.7 N 5.4 A N 
47 6.51 0.2 3.07 8.50 0.5 0.6 A 3.7 A A 
50 5.8 0.29 5.00 -3.33 0.2 0.8 A 5.4 A A 
51 5.87 0.19 3.24 -2.17 0.1 0.6 A 3.8 A A 
52 5.17 0.24 4.64 -13.83 0.8 0.7 N 5.1 A N 
53 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
54 6.42 0.51 7.94 7.00 0.4 1.4 A 8.2 A A 
55 6.49 0.39 6.01 8.17 0.5 1.1 A 6.3 A A 
56 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
57 6.03 0.36 5.97 0.50 0.0 1.0 A 6.3 A A 
58 6.24 0.28 4.49 4.00 0.2 0.8 A 4.9 A A 
59 6.41 0.12 1.87 6.83 0.4 0.4 A 2.7 A A 
60 6.33 0.19 3.00 5.50 0.3 0.6 A 3.6 A A 
61 5.87 0.12 2.04 -2.17 0.1 0.4 A 2.9 A A 
62 6.59 0.18 2.73 9.83 0.6 0.6 N 3.4 A W 
63 6.02 0.17 2.82 0.33 0.0 0.5 A 3.5 A A 
64 6.4 0.49 7.66 6.67 0.4 1.3 A 7.9 A A 
65 6.41 0.15 2.34 6.83 0.4 0.5 A 3.1 A A 
68 6.25 0.25 4.00 4.17 0.3 0.7 A 4.5 A A 
70 6.6 0.8 12.12 10.00 0.6 2.1 A 12.3 N W 
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Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
71 5.88 0.35 5.95 -2.00 0.1 1.0 A 6.3 A A 
72 5.81 0.08 1.38 -3.17 0.2 0.4 A 2.4 A A 
73 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
74 3.9 0.4 10.26 -35.00 2.1 1.1 N 10.4 N N 
75 6.2 0.2 3.23 3.33 0.2 0.6 A 3.8 A A 
76 6.05 0.12 1.98 0.83 0.0 0.4 A 2.8 A A 
77 6.366 0.218 3.42 6.10 0.4 0.6 A 4.0 A A 
78 5.47 0.0748 1.37 -8.83 0.5 0.4 N 2.4 A W 
79 7.8 0.7 8.97 30.00 1.8 1.8 A 9.2 A A 
80 6.5 0.5 7.69 8.33 0.5 1.3 A 7.9 A A 
81 5.82 0.21 3.61 -3.00 0.2 0.6 A 4.1 A A 
82 5.57 0.28 5.03 -7.17 0.4 0.8 A 5.4 A A 
83 6.07 0.18 2.97 1.17 0.1 0.6 A 3.6 A A 
84 6.6 0.3 4.55 10.00 0.6 0.8 A 5.0 A A 
85 3.3 0.5 15.15 -45.00 2.7 1.3 N 15.3 N N 
86 5.5 0.6 10.91 -8.33 0.5 1.6 A 11.1 N W 
87 6.06 0.18 2.97 1.00 0.1 0.6 A 3.6 A A 
88 6.1 0.2 3.28 1.67 0.1 0.6 A 3.8 A A 
89 6.29 0.16 2.54 4.83 0.3 0.5 A 3.2 A A 
90 5.95 0.21 3.53 -0.83 0.0 0.6 A 4.1 A A 
91 5.7 0.5 8.77 -5.00 0.3 1.3 A 9.0 A A 
92 5.84 0.32 5.48 -2.67 0.2 0.9 A 5.8 A A 
93 5.72 0.16 2.80 -4.67 0.3 0.5 A 3.4 A A 
94 6.1 0.6 9.84 1.67 0.1 1.6 A 10.0 N W 
95 6.01 0.44 7.32 0.17 0.0 1.2 A 7.6 A A 
96 6 0.3 5.00 0.00 0.0 0.8 A 5.4 A A 
97 5.6 0.23 4.11 -6.67 0.4 0.7 A 4.6 A A 
98 5.43 0.46 8.47 -9.50 0.6 1.2 A 8.7 A A 
99 6.44 0.14 2.17 7.33 0.4 0.5 A 3.0 A A 

100 5.24 0.88 16.79 -12.67 0.8 2.3 A 16.9 N N 
101 6.13 0.32 5.22 2.17 0.1 0.9 A 5.6 A A 
103 4.411 0.456 10.34 -26.48 1.6 1.2 N 10.5 N N 
105 6.21 0.44 7.09 3.50 0.2 1.2 A 7.4 A A 
106 5.73 0.49 8.55 -4.50 0.3 1.3 A 8.8 A A 
107 6.03 0.74 12.27 0.50 0.0 1.9 A 12.4 N W 
109 6.05 0.5 8.26 0.83 0.0 1.3 A 8.5 A A 
110 6.39 0.481 7.53 6.50 0.4 1.3 A 7.8 A A 
111 6.14 0.37 6.03 2.33 0.1 1.0 A 6.3 A A 
112 6.09 0.22 3.61 1.50 0.1 0.6 A 4.1 A A 
113 7.29 0.49 6.72 21.50 1.3 1.3 A 7.0 A A 
114 3.2 0.2 6.25 -46.67 2.8 0.6 N 6.6 A N 
115 5.9 0.5 8.47 -1.67 0.1 1.3 A 8.7 A A 
118 6.58 0.56 8.51 9.67 0.6 1.5 A 8.7 A A 
119 6.73 0.44 6.54 12.17 0.7 1.2 A 6.8 A A 
120 6.09 0.22 3.61 1.50 0.1 0.6 A 4.1 A A 
121 7.12 0.46 6.46 18.67 1.1 1.2 A 6.8 A A 
122 6.17 0.2 3.24 2.83 0.2 0.6 A 3.8 A A 
123 5.08 0.27 5.31 -15.33 0.9 0.8 N 5.7 A N 
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Bias A1 A2 True. P Prec. Final 

Score 
124 6.406 0.288 4.50 6.77 0.4 0.8 A 4.9 A A 
125 6 0.4 6.67 0.00 0.0 1.1 A 7.0 A A 
126 5.1 0.5 9.80 -15.00 0.9 1.3 A 10.0 N N 
127 6.08 0.37 6.09 1.33 0.1 1.0 A 6.4 A A 
128 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
130 5.58 0.21 3.76 -7.00 0.4 0.6 A 4.3 A A 
131 5.45 0.22 4.04 -9.17 0.6 0.6 A 4.5 A A 
132 6.284 0.181 2.88 4.73 0.3 0.6 A 3.5 A A 
133 6.1 0.2 3.28 1.67 0.1 0.6 A 3.8 A A 
134 5.73 0.1 1.75 -4.50 0.3 0.4 A 2.7 A A 
136 7.118 0.336 4.72 18.63 1.1 0.9 N 5.1 A N 
137 11.93 0.8 6.71 98.83 5.9 2.1 N 7.0 A N 
138 5.57 0.34 6.10 -7.17 0.4 0.9 A 6.4 A A 
139 5.73 0.192 3.35 -4.50 0.3 0.6 A 3.9 A A 
140 6.7 0.22 3.28 11.67 0.7 0.6 N 3.8 A N 
141 7.71 0.58 7.52 28.50 1.7 1.5 N 7.8 A N 
142 4.78 0.0029 0.06 -20.33 1.2 0.3 N 2.0 A N 
143 5.56 0.54 9.71 -7.33 0.4 1.4 A 9.9 A A 
144 4.78 0.6 12.55 -20.33 1.2 1.6 A 12.7 N N 
145 4.75 0.32 6.74 -20.83 1.3 0.9 N 7.0 A N 
146 5.44 0.27 4.96 -9.33 0.6 0.8 A 5.4 A A 
150 2.97 0.15 5.05 -50.50 3.0 0.5 N 5.4 A N 
151 3.05 0.18 5.90 -49.17 3.0 0.6 N 6.2 A N 
152 3.1 0.2 6.45 -48.33 2.9 0.6 N 6.8 A N 
153 6.13 0.241 3.93 2.17 0.1 0.7 A 4.4 A A 
154 6.4 0.4 6.25 6.67 0.4 1.1 A 6.6 A A 
157 5.6 0.3 5.36 -6.67 0.4 0.8 A 5.7 A A 
158 6.86 0.33 4.81 14.33 0.9 0.9 A 5.2 A A 
159 5.9 0.22 3.73 -1.67 0.1 0.6 A 4.2 A A 
160 8.41 0.67 7.97 40.17 2.4 1.8 N 8.2 A N 
161 6.09 0.43 7.06 1.50 0.1 1.2 A 7.3 A A 
162 6.17 0.28 4.54 2.83 0.2 0.8 A 5.0 A A 
163 5.9 0.3 5.08 -1.67 0.1 0.8 A 5.5 A A 
164 5.82 0.31 5.33 -3.00 0.2 0.9 A 5.7 A A 
165 6.1 0.27 4.43 1.67 0.1 0.8 A 4.9 A A 
166 6.27 0.34 5.42 4.50 0.3 0.9 A 5.8 A A 
167 6.8 0.44 6.47 13.33 0.8 1.2 A 6.8 A A 
168 5.92 0.13 2.20 -1.33 0.1 0.5 A 3.0 A A 
169 5.81 0.16 2.75 -3.17 0.2 0.5 A 3.4 A A 
170 6.3 0.3 4.76 5.00 0.3 0.8 A 5.2 A A 
171 6.63 0.3 4.52 10.50 0.6 0.8 A 4.9 A A 
172 5.9 0.3 5.08 -1.67 0.1 0.8 A 5.5 A A 
173 6.05 0.11 1.82 0.83 0.0 0.4 A 2.7 A A 
174 6.53 0.31 4.75 8.83 0.5 0.9 A 5.2 A A 
175 5.8 0.3 5.17 -3.33 0.2 0.8 A 5.5 A A 
176 6.49 0.17 2.62 8.17 0.5 0.5 A 3.3 A A 
177 6.31 0.16 2.54 5.17 0.3 0.5 A 3.2 A A 
178 6.58 0.254 3.86 9.67 0.6 0.7 A 4.3 A A 
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Bias A1 A2 True. P Prec. Final 

Score 
179 5.7 0.2 3.51 -5.00 0.3 0.6 A 4.0 A A 
181 6.27 0.1 1.59 4.50 0.3 0.4 A 2.6 A A 
182 6.45 0.35 5.43 7.50 0.5 1.0 A 5.8 A A 
183 5.1 0.19 3.73 -15.00 0.9 0.6 N 4.2 A N 
184 5.89 0.13 2.21 -1.83 0.1 0.5 A 3.0 A A 
185 5.87 0.35 5.96 -2.17 0.1 1.0 A 6.3 A A 
186 6.2 0.28 4.52 3.33 0.2 0.8 A 4.9 A A 
187 5.5 0.5 9.09 -8.33 0.5 1.3 A 9.3 A A 
188 5.31 0.27 5.08 -11.50 0.7 0.8 A 5.5 A A 
190 5.85 0.75 12.82 -2.50 0.2 2.0 A 13.0 N W 
191 5.88 0.2 3.40 -2.00 0.1 0.6 A 3.9 A A 
192 6.4 0.3 4.69 6.67 0.4 0.8 A 5.1 A A 
193 6.6 0.3 4.55 10.00 0.6 0.8 A 5.0 A A 
194 6.5 0.4 6.15 8.33 0.5 1.1 A 6.5 A A 
195 6.21 0.2 3.22 3.50 0.2 0.6 A 3.8 A A 
197 11.5 0.42 3.65 91.67 5.5 1.1 N 4.2 A N 
199 6.1 0.4 6.56 1.67 0.1 1.1 A 6.9 A A 
200 5.7 0.26 4.56 -5.00 0.3 0.7 A 5.0 A A 
201 6.57 0.14 2.13 9.50 0.6 0.5 N 2.9 A W 
202 5.679 0.664 11.69 -5.35 0.3 1.7 A 11.9 N W 
204 5 0.9 18.00 -16.67 1.0 2.3 A 18.1 N N 
205 5.79 0.4 6.91 -3.50 0.2 1.1 A 7.2 A A 
206 2.87 0.17 5.92 -52.17 3.1 0.5 N 6.3 A N 
207 6.19 0.44 7.11 3.17 0.2 1.2 A 7.4 A A 
208 6.1 0.7 11.48 1.67 0.1 1.8 A 11.6 N W 
209 6.67 0.35 5.25 11.17 0.7 1.0 A 5.6 A A 
210 5.8 0.07 1.21 -3.33 0.2 0.4 A 2.3 A A 
211 6.17 0.19 3.08 2.83 0.2 0.6 A 3.7 A A 
212 6.26 0.21 3.35 4.33 0.3 0.6 A 3.9 A A 
213 6.09 0.19 3.12 1.50 0.1 0.6 A 3.7 A A 
214 6.12 0.2 3.27 2.00 0.1 0.6 A 3.8 A A 
215 6.08 0.24 3.95 1.33 0.1 0.7 A 4.4 A A 
216 6.21 0.26 4.19 3.50 0.2 0.7 A 4.6 A A 
217 5.46 0.17 3.11 -9.00 0.5 0.5 N 3.7 A W 
218 5.497 0.154 2.80 -8.38 0.5 0.5 A 3.4 A A 
219 5.31 0.14 2.64 -11.50 0.7 0.5 N 3.3 A N 
220 6.01 0.34 5.66 0.17 0.0 0.9 A 6.0 A A 
221 5.8 0.3 5.17 -3.33 0.2 0.8 A 5.5 A A 
223 5.62 0.7 12.46 -6.33 0.4 1.8 A 12.6 N W 
224 7.43 0.72 9.69 23.83 1.4 1.9 A 9.9 A A 
225 172 53 30.81 2766.67 166.0 136.7 N 30.9 N N 
226 6.8 0.4 5.88 13.33 0.8 1.1 A 6.2 A A 
227 5.82 0.15 2.58 -3.00 0.2 0.5 A 3.3 A A 
232 5.42 0.29 5.35 -9.67 0.6 0.8 A 5.7 A A 
233 5.34 0.45 8.43 -11.00 0.7 1.2 A 8.7 A A 
234 5.94 0.475 8.00 -1.00 0.1 1.3 A 8.2 A A 
235 6.79 0.77 11.34 13.17 0.8 2.0 A 11.5 N N 
236 6.22 0.5 8.04 3.67 0.2 1.3 A 8.3 A A 
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Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
237 6.1 0.4 6.56 1.67 0.1 1.1 A 6.9 A A 
238 5.9 0.13 2.20 -1.67 0.1 0.5 A 3.0 A A 
239 5.88 0.22 3.74 -2.00 0.1 0.6 A 4.2 A A 
240 5.8 0.5 8.62 -3.33 0.2 1.3 A 8.8 A A 
241 5.6 0.5 8.93 -6.67 0.4 1.3 A 9.1 A A 
242 6.23 0.14 2.25 3.83 0.2 0.5 A 3.0 A A 
243 6.188 0.3283 5.31 3.13 0.2 0.9 A 5.7 A A 
244 5.66 0.202 3.57 -5.67 0.3 0.6 A 4.1 A A 
245 6.07 0.11 1.81 1.17 0.1 0.4 A 2.7 A A 
246 6.1 0.38 6.23 1.67 0.1 1.0 A 6.5 A A 
249 4.87 0.19 3.90 -18.83 1.1 0.6 N 4.4 A N 
250 5.31 0.19 3.58 -11.50 0.7 0.6 N 4.1 A N 
251 6.16 0.43 6.98 2.67 0.2 1.2 A 7.3 A A 
252 5.9 0.2 3.39 -1.67 0.1 0.6 A 3.9 A A 
253 6.5 0.3 4.62 8.33 0.5 0.8 A 5.0 A A 
254 4.45 0.16 3.60 -25.83 1.6 0.5 N 4.1 A N 
255 5.93 0.17 2.87 -1.17 0.1 0.5 A 3.5 A A 
256 5.73 0.46 8.03 -4.50 0.3 1.2 A 8.3 A A 
257 5.68 0.37 6.51 -5.33 0.3 1.0 A 6.8 A A 
258 6.18 0.35 5.66 3.00 0.2 1.0 A 6.0 A A 
259 5.2 0.07 1.35 -13.33 0.8 0.4 N 2.4 A N 
261 7 0.5 7.14 16.67 1.0 1.3 A 7.4 A A 
263 5.4 0.37 6.85 -10.00 0.6 1.0 A 7.1 A A 
264 5.91 0.258 4.37 -1.50 0.1 0.7 A 4.8 A A 
265 5.895 0.056 0.95 -1.75 0.1 0.3 A 2.2 A A 
267 6.06 0.41 6.77 1.00 0.1 1.1 A 7.1 A A 
268 5.7 0.17 2.98 -5.00 0.3 0.5 A 3.6 A A 
269 6.3 0.6 9.52 5.00 0.3 1.6 A 9.7 A A 
270 6.04 0.27 4.47 0.67 0.0 0.8 A 4.9 A A 
271 5.86 0.14 2.39 -2.33 0.1 0.5 A 3.1 A A 
272 6.05 0.32 5.29 0.83 0.0 0.9 A 5.7 A A 
273 2.2 0.4 18.18 -63.33 3.8 1.1 N 18.3 N N 
274 6.1 0.24 3.93 1.67 0.1 0.7 A 4.4 A A 
275 6.04 0.19 3.15 0.67 0.0 0.6 A 3.7 A A 
276 5.8 0.5 8.62 -3.33 0.2 1.3 A 8.8 A A 
278 6.01 0.61 10.15 0.17 0.0 1.6 A 10.3 N W 
279 5.96 0.13 2.18 -0.67 0.0 0.5 A 3.0 A A 
283 4.68 0.21 4.49 -22.00 1.3 0.6 N 4.9 A N 
284 6.1 0.43 7.05 1.67 0.1 1.2 A 7.3 A A 
285 5.92 0.42 7.08 -5.83 0.4 1.1 A 7.4 A A 
288 6.3 0.1 1.59 5.00 0.3 0.4 A 2.6 A A 
289 6.3 0.3 4.76 5.00 0.3 0.8 A 5.2 A A 
290 6 0.4 6.67 0.00 0.0 1.1 A 7.0 A A 
292 6.2 0.4 6.45 3.33 0.2 1.1 A 6.8 A A 
293 6.2 0.4 6.45 3.33 0.2 1.1 A 6.8 A A 
294 6.22 0.2 3.22 3.67 0.2 0.6 A 3.8 A A 
295 6.05 0.15 2.48 0.83 0.0 0.5 A 3.2 A A 
296 6.7 0.2 2.99 11.67 0.7 0.6 N 3.6 A N 
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
297 4.88 0.47 9.63 -18.67 1.1 1.3 A 9.8 A A 
298 6.25 0.123 1.97 4.17 0.3 0.4 A 2.8 A A 
299 5.65 1.1 19.47 -5.83 0.4 2.9 A 19.6 N W 
300 6.01 0.48 7.99 0.17 0.0 1.3 A 8.2 A A 
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Performance evaluation of Cs-134 measurement results 

Spiked water sample 02 

Target Value: 13.9 ± 0.28 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 12.32 1.1 8.93 -11.37 1.6 2.9 A 9.1 A A 
2 14.29 0.46 3.22 2.81 0.4 1.4 A 3.8 A A 
3 14 2 14.29 0.72 0.1 5.2 A 14.4 N W 
4 15 0.4 2.67 7.91 1.1 1.3 A 3.3 A A 
5 13.43 0.52 3.87 -3.38 0.5 1.5 A 4.4 A A 
6 11.7 0.5 4.27 -15.83 2.2 1.5 N 4.7 A N 
7 14.35 0.45 3.14 3.24 0.4 1.4 A 3.7 A A 
9 12.2 0.4 3.28 -12.23 1.7 1.3 N 3.8 A N 
11 12.5 0.7 5.60 -10.07 1.4 1.9 A 5.9 A A 
12 14.8 0.6 4.05 6.47 0.9 1.7 A 4.5 A A 
13 9.76 0.31 3.18 -29.78 4.1 1.1 N 3.8 A N 
14 8.46 0.56 6.62 -39.14 5.4 1.6 N 6.9 A N 
15 6.21 0.74 11.92 -55.32 7.7 2.0 N 12.1 N N 

W
8%

N
31%

A
61%

3

5

7

9

11

13

15

17

19

[B
q/

kg
]

Laboratory code

Cs-134 Water sample 02
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
16 14.2 0.4 2.82 2.16 0.3 1.3 A 3.5 A A 
17 13.8 0.6 4.35 -0.72 0.1 1.7 A 4.8 A A 
18 13.74 0.27 1.97 -1.15 0.2 1.0 A 2.8 A A 
19 12.139 0.072 0.59 -12.67 1.8 0.7 N 2.1 A N 
20 13.63 0.34 2.49 -1.94 0.3 1.1 A 3.2 A A 
21 13.25 1.5 11.32 -4.68 0.7 3.9 A 11.5 N W 
22 13.5 0.1 0.74 -2.88 0.4 0.8 A 2.1 A A 
23 13.2 0.7 5.30 -5.04 0.7 1.9 A 5.7 A A 
24 12.8 0.24 1.88 -7.91 1.1 0.9 N 2.7 A W 
25 11.86 0.83 7.00 -14.68 2.0 2.3 A 7.3 A A 
26 12.15 0.8 6.58 -12.59 1.8 2.2 A 6.9 A A 
27 13.88 0.7466 5.38 -0.14 0.0 2.1 A 5.7 A A 
29 12.8 0.3 2.34 -7.91 1.1 1.1 N 3.1 A W 
30 12.6 0.6 4.76 -9.35 1.3 1.7 A 5.2 A A 
31 15 1 6.67 7.91 1.1 2.7 A 7.0 A A 
32 12.5 0.4 3.20 -10.07 1.4 1.3 N 3.8 A N 
33 14.21 0.86 6.05 2.23 0.3 2.3 A 6.4 A A 
34 11.7 0.33 2.82 -15.83 2.2 1.1 N 3.5 A N 
35 13.3 0.66 4.96 -4.32 0.6 1.8 A 5.4 A A 
36 12.55 0.28 2.23 -9.71 1.4 1.0 N 3.0 A W 
37 13.82 0.84 6.08 -0.58 0.1 2.3 A 6.4 A A 
38 13.3 0.0011 0.01 -4.32 0.6 0.7 A 2.0 A A 
39 12.9 0.4 3.10 -7.19 1.0 1.3 A 3.7 A A 
40 14.03 0.89 6.34 0.94 0.1 2.4 A 6.7 A A 
41 13.7 0.4 2.92 -1.44 0.2 1.3 A 3.5 A A 
42 13.3 0.6 4.51 -4.32 0.6 1.7 A 4.9 A A 
43 7.13 0.28 3.93 -48.71 6.8 1.0 N 4.4 A N 
44 12.6 0.44 3.49 -9.35 1.3 1.3 A 4.0 A A 
45 13.07 0.51 3.90 -5.97 0.8 1.5 A 4.4 A A 
46 11.5 0.36 3.13 -17.27 2.4 1.2 N 3.7 A N 
47 12.98 0.25 1.93 -6.62 0.9 1.0 A 2.8 A A 
50 13.56 0.68 5.01 -2.45 0.3 1.9 A 5.4 A A 
51 12.8 0.3 2.34 -7.91 1.1 1.1 N 3.1 A W 
52 10.6 0.5 4.72 -23.74 3.3 1.5 N 5.1 A N 
53 13.7 0.5 3.65 -1.44 0.2 1.5 A 4.2 A A 
54 13.53 1.08 7.98 -2.66 0.4 2.9 A 8.2 A A 
55 14.09 0.77 5.46 1.37 0.2 2.1 A 5.8 A A 
56 14 0.6 4.29 0.72 0.1 1.7 A 4.7 A A 
57 13.8 0.72 5.22 -0.72 0.1 2.0 A 5.6 A A 
58 13.9 0.6 4.32 0.00 0.0 1.7 A 4.8 A A 
59 14 0.3 2.14 0.72 0.1 1.1 A 2.9 A A 
60 13.8 0.3 2.17 -0.72 0.1 1.1 A 3.0 A A 
61 13.07 0.24 1.84 -5.97 0.8 0.9 A 2.7 A A 
62 13.4 0.35 2.61 -3.60 0.5 1.2 A 3.3 A A 
63 13.62 0.33 2.42 -2.01 0.3 1.1 A 3.1 A A 
64 13.6 1.04 7.65 -2.16 0.3 2.8 A 7.9 A A 
65 14.25 0.4 2.81 2.52 0.4 1.3 A 3.4 A A 
68 12.9 0.4 3.10 -7.19 1.0 1.3 A 3.7 A A 
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
70 12.9 1.4 10.85 -7.19 1.0 3.7 A 11.0 N W 
71 12.72 0.41 3.22 -8.49 1.2 1.3 A 3.8 A A 
72 11.57 0.42 3.63 -16.76 2.3 1.3 N 4.1 A N 
74 6.4 1 15.63 -53.96 7.5 2.7 N 15.8 N N 
75 12.7 0.4 3.15 -8.63 1.2 1.3 A 3.7 A A 
76 12.62 0.18 1.43 -9.21 1.3 0.9 N 2.5 A W 
77 12.15 0.36 2.96 -12.59 1.8 1.2 N 3.6 A N 
78 10.9 0.166 1.52 -21.58 3.0 0.8 N 2.5 A N 
79 12.8 0.8 6.25 -7.91 1.1 2.2 A 6.6 A A 
80 12.5 0.4 3.20 -10.07 1.4 1.3 N 3.8 A N 
81 11.85 0.54 4.56 -14.75 2.1 1.6 N 5.0 A N 
82 12.01 0.37 3.08 -13.60 1.9 1.2 N 3.7 A N 
83 12.42 0.32 2.58 -10.65 1.5 1.1 N 3.3 A N 
84 13.6 0.5 3.68 -2.16 0.3 1.5 A 4.2 A A 
85 7.9 1.1 13.92 -43.17 6.0 2.9 N 14.1 N N 
86 11.5 1.4 12.17 -17.27 2.4 3.7 A 12.3 N N 
87 13.1 0.3 2.29 -5.76 0.8 1.1 A 3.0 A A 
88 14.8 0.9 6.08 6.47 0.9 2.4 A 6.4 A A 
89 12.9 0.23 1.78 -7.19 1.0 0.9 N 2.7 A W 
90 11.8 1.17 9.92 -15.11 2.1 3.1 A 10.1 N N 
91 12.8 1 7.81 -7.91 1.1 2.7 A 8.1 A A 
92 12.67 0.65 5.13 -8.85 1.2 1.8 A 5.5 A A 
93 11.7 0.21 1.79 -15.83 2.2 0.9 N 2.7 A N 
94 13.2 0.8 6.06 -5.04 0.7 2.2 A 6.4 A A 
95 14.1 0.97 6.88 1.44 0.2 2.6 A 7.2 A A 
96 12.7 0.7 5.51 -8.63 1.2 1.9 A 5.9 A A 
97 12.78 0.48 3.76 -8.06 1.1 1.4 A 4.3 A A 
98 9.52 0.97 10.19 -31.51 4.4 2.6 N 10.4 N N 
99 14.01 0.14 1.00 0.79 0.1 0.8 A 2.2 A A 

100 10.9 1.2 11.01 -21.58 3.0 3.2 A 11.2 N N 
101 12.8 0.6 4.69 -7.91 1.1 1.7 A 5.1 A A 
103 13.4 0.393 2.93 -3.60 0.5 1.2 A 3.5 A A 
105 12.42 0.58 4.67 -10.65 1.5 1.7 A 5.1 A A 
106 11.78 0.74 6.28 -15.25 2.1 2.0 N 6.6 A N 
107 14.48 1.08 7.46 4.17 0.6 2.9 A 7.7 A A 
109 12.6 0.81 6.43 -9.35 1.3 2.2 A 6.7 A A 
110 17 1.28 7.53 22.30 3.1 3.4 A 7.8 A A 
111 13.58 0.82 6.04 -2.30 0.3 2.2 A 6.4 A A 
112 12.9 0.45 3.49 -7.19 1.0 1.4 A 4.0 A A 
113 14.99 0.83 5.54 7.84 1.1 2.3 A 5.9 A A 
114 14.7 0.8 5.44 5.76 0.8 2.2 A 5.8 A A 
115 13.8 0.7 5.07 -0.72 0.1 1.9 A 5.5 A A 
118 13.9 0.25 1.80 0.00 0.0 1.0 A 2.7 A A 
119 14.9 0.91 6.11 7.19 1.0 2.5 A 6.4 A A 
120 12.9 0.45 3.49 -7.19 1.0 1.4 A 4.0 A A 
121 16.92 0.63 3.72 21.73 3.0 1.8 N 4.2 A N 
122 12.8 0.35 2.73 -7.91 1.1 1.2 A 3.4 A A 
123 12.22 0.31 2.54 -12.09 1.7 1.1 N 3.2 A N 
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Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
124 12.25 0.42 3.43 -11.87 1.7 1.3 N 4.0 A N 
125 12.5 0.5 4.00 -10.07 1.4 1.5 A 4.5 A A 
126 10.6 0.9 8.49 -23.74 3.3 2.4 N 8.7 A N 
127 12.2 0.45 3.69 -12.23 1.7 1.4 N 4.2 A N 
128 13.8 0.6 4.35 -0.72 0.1 1.7 A 4.8 A A 
130 12.5 0.4 3.20 -10.07 1.4 1.3 N 3.8 A N 
131 11.44 0.35 3.06 -17.70 2.5 1.2 N 3.7 A N 
132 13.92 0.32 2.30 0.14 0.0 1.1 A 3.0 A A 
133 14.3 0.4 2.80 2.88 0.4 1.3 A 3.4 A A 
134 13.7 0.22 1.61 -1.44 0.2 0.9 A 2.6 A A 
136 13.1 0.24 1.83 -5.76 0.8 0.9 A 2.7 A A 
137 22.17 2.03 9.16 59.50 8.3 5.3 N 9.4 A N 
138 12.49 0.64 5.12 -10.14 1.4 1.8 A 5.5 A A 
139 12.2 0.276 2.26 -12.23 1.7 1.0 N 3.0 A N 
140 14.3 0.45 3.15 2.88 0.4 1.4 A 3.7 A A 
141 17.74 0.74 4.17 27.63 3.8 2.0 N 4.6 A N 
142 10.32 0.0045 0.04 -25.76 3.6 0.7 N 2.0 A N 
143 8.45 0.6 7.10 -39.21 5.5 1.7 N 7.4 A N 
144 8.16 0.54 6.62 -41.29 5.7 1.6 N 6.9 A N 
145 13.43 0.42 3.13 -3.38 0.5 1.3 A 3.7 A A 
146 11.05 0.33 2.99 -20.50 2.9 1.1 N 3.6 A N 
150 6.69 0.43 6.43 -51.87 7.2 1.3 N 6.7 A N 
151 5.54 0.31 5.60 -60.14 8.4 1.1 N 5.9 A N 
152 5.9 0.3 5.08 -57.55 8.0 1.1 N 5.5 A N 
153 13.568 0.914 6.74 -2.39 0.3 2.5 A 7.0 A A 
154 13 0.8 6.15 -6.47 0.9 2.2 A 6.5 A A 
157 12.8 0.6 4.69 -7.91 1.1 1.7 A 5.1 A A 
158 13.39 0.63 4.71 -3.67 0.5 1.8 A 5.1 A A 
159 13.1 0.2 1.53 -5.76 0.8 0.9 A 2.5 A A 
160 13.86 1.36 9.81 -0.29 0.0 3.6 A 10.0 N W 
161 12.43 1 8.05 -10.58 1.5 2.7 A 8.3 A A 
162 13 0.4 3.08 -6.47 0.9 1.3 A 3.7 A A 
163 14.63 0.66 4.51 5.25 0.7 1.8 A 4.9 A A 
164 12.6 0.59 4.68 -9.35 1.3 1.7 A 5.1 A A 
165 13.7 0.6 4.38 -1.44 0.2 1.7 A 4.8 A A 
166 12.8 0.68 5.31 -7.91 1.1 1.9 A 5.7 A A 
167 10.16 0.47 4.63 -26.91 3.7 1.4 N 5.0 A N 
168 12.02 0.15 1.25 -13.53 1.9 0.8 N 2.4 A N 
169 13.98 0.25 1.79 0.58 0.1 1.0 A 2.7 A A 
170 13.1 0.4 3.05 -5.76 0.8 1.3 A 3.7 A A 
171 14.2 0.35 2.46 2.16 0.3 1.2 A 3.2 A A 
172 14 0.3 2.14 0.72 0.1 1.1 A 2.9 A A 
173 11.51 0.18 1.56 -17.19 2.4 0.9 N 2.5 A N 
174 13.88 0.46 3.31 -0.14 0.0 1.4 A 3.9 A A 
175 13.5 0.67 4.96 -2.88 0.4 1.9 A 5.4 A A 
177 14.4 0.3 2.08 3.60 0.5 1.1 A 2.9 A A 
178 15.78 0.581 3.68 13.53 1.9 1.7 N 4.2 A N 
179 11.24 0.2 1.78 -19.14 2.7 0.9 N 2.7 A N 
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Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
181 12.88 0.14 1.09 -7.34 1.0 0.8 N 2.3 A W 
182 13.58 0.3 2.21 -2.30 0.3 1.1 A 3.0 A A 
183 11.15 0.62 5.56 -19.78 2.8 1.8 N 5.9 A N 
184 11.67 0.17 1.46 -16.04 2.2 0.8 N 2.5 A N 
185 13.19 1.06 8.04 -5.11 0.7 2.8 A 8.3 A A 
186 13.8 0.48 3.48 -0.72 0.1 1.4 A 4.0 A A 
187 11.6 1.5 12.93 -16.55 2.3 3.9 A 13.1 N N 
188 12 0.72 6.00 -13.67 1.9 2.0 A 6.3 A A 
190 13.06 1.5 11.49 -6.04 0.8 3.9 A 11.7 N W 
191 12.24 0.38 3.10 -11.94 1.7 1.2 N 3.7 A N 
192 14.3 0.5 3.50 2.88 0.4 1.5 A 4.0 A A 
193 14.4 0.7 4.86 3.60 0.5 1.9 A 5.3 A A 
194 14.5 0.6 4.14 4.32 0.6 1.7 A 4.6 A A 
195 13.3 0.36 2.71 -4.32 0.6 1.2 A 3.4 A A 
197 22.7 0.21 0.93 63.31 8.8 0.9 N 2.2 A N 
199 12.9 0.6 4.65 -7.19 1.0 1.7 A 5.1 A A 
200 12.73 0.43 3.38 -8.42 1.2 1.3 A 3.9 A A 
201 15.09 0.21 1.39 8.56 1.2 0.9 N 2.4 A W 
202 13.983 1.01 7.22 0.60 0.1 2.7 A 7.5 A A 
204 7.4 0.6 8.11 -46.76 6.5 1.7 N 8.4 A N 
206 3.64 0.2 5.49 -73.81 10.3 0.9 N 5.8 A N 
207 12.5 3.4 27.20 -10.07 1.4 8.8 A 27.3 N N 
208 13.5 1.5 11.11 -2.88 0.4 3.9 A 11.3 N W 
209 12.67 0.44 3.47 -8.85 1.2 1.3 A 4.0 A A 
210 12.4 0.13 1.05 -10.79 1.5 0.8 N 2.3 A N 
211 13.47 0.67 4.97 -3.09 0.4 1.9 A 5.4 A A 
212 12.6 0.39 3.10 -9.35 1.3 1.2 N 3.7 A W 
213 13.19 0.24 1.82 -5.11 0.7 0.9 A 2.7 A A 
214 12.85 0.35 2.72 -7.55 1.1 1.2 A 3.4 A A 
215 12.32 0.36 2.92 -11.37 1.6 1.2 N 3.5 A N 
216 13.4 0.43 3.21 -3.60 0.5 1.3 A 3.8 A A 
217 12.34 0.37 3.00 -11.22 1.6 1.2 N 3.6 A N 
218 12.172 0.149 1.22 -12.43 1.7 0.8 N 2.3 A N 
219 12.1 0.3 2.48 -12.95 1.8 1.1 N 3.2 A N 
220 13.47 0.34 2.52 -3.09 0.4 1.1 A 3.2 A A 
221 13.1 1 7.63 -5.76 0.8 2.7 A 7.9 A A 
223 8.93 0.96 10.75 -35.76 5.0 2.6 N 10.9 N N 
224 13.75 0.56 4.07 -1.08 0.2 1.6 A 4.5 A A 
225 24 4 16.67 72.66 10.1 10.3 A 16.8 N N 
226 16 0.5 3.13 15.11 2.1 1.5 N 3.7 A N 
227 12.95 0.28 2.16 -6.83 1.0 1.0 A 2.9 A A 
230 16.91 2.48 14.67 21.65 3.0 6.4 A 14.8 N N 
232 12.45 0.41 3.29 -10.43 1.5 1.3 N 3.9 A N 
233 12.7 1.1 8.66 -8.63 1.2 2.9 A 8.9 A A 
234 13.8 0.77 5.58 -0.72 0.1 2.1 A 5.9 A A 
235 23.77 7.13 30.00 71.01 9.9 18.4 A 30.1 N N 
236 13.8 1 7.25 -0.72 0.1 2.7 A 7.5 A A 
237 13.6 0.5 3.68 -2.16 0.3 1.5 A 4.2 A A 
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Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
238 13.33 0.27 2.03 -4.10 0.6 1.0 A 2.8 A A 
239 13.54 0.46 3.40 -2.59 0.4 1.4 A 3.9 A A 
240 12.6 0.8 6.35 -9.35 1.3 2.2 A 6.7 A A 
241 12.3 1.1 8.94 -11.51 1.6 2.9 A 9.2 A A 
242 13.04 0.16 1.23 -6.19 0.9 0.8 N 2.3 A W 
243 12.58 0.6528 5.19 -9.50 1.3 1.8 A 5.6 A A 
244 13.1 0.426 3.25 -5.76 0.8 1.3 A 3.8 A A 
245 12 0.2 1.67 -13.67 1.9 0.9 N 2.6 A N 
246 12.3 0.29 2.36 -11.51 1.6 1.0 N 3.1 A N 
249 12.21 0.36 2.95 -12.16 1.7 1.2 N 3.6 A N 
250 12.4 0.35 2.82 -10.79 1.5 1.2 N 3.5 A N 
251 13.94 1.12 8.03 0.29 0.0 3.0 A 8.3 A A 
252 13.7 0.3 2.19 -1.44 0.2 1.1 A 3.0 A A 
253 12.8 0.5 3.91 -7.91 1.1 1.5 A 4.4 A A 
254 12.91 0.43 3.33 -7.12 1.0 1.3 A 3.9 A A 
255 14.3 0.6 4.20 2.88 0.4 1.7 A 4.6 A A 
256 13.3 1.1 8.27 -4.32 0.6 2.9 A 8.5 A A 
257 13.76 0.64 4.65 -1.01 0.1 1.8 A 5.1 A A 
258 13.03 0.67 5.14 -6.26 0.9 1.9 A 5.5 A A 
259 9.09 0.08 0.88 -34.60 4.8 0.7 N 2.2 A N 
261 14 1 7.14 0.72 0.1 2.7 A 7.4 A A 
263 12.3 0.84 6.83 -11.51 1.6 2.3 A 7.1 A A 
264 13.7 0.512 3.74 -1.44 0.2 1.5 A 4.2 A A 
265 13.9 0.154 1.11 0.00 0.0 0.8 A 2.3 A A 
267 12.39 0.78 6.30 -10.86 1.5 2.1 A 6.6 A A 
268 13.94 0.97 6.96 0.29 0.0 2.6 A 7.2 A A 
269 12.2 0.8 6.56 -12.23 1.7 2.2 A 6.9 A A 
270 12 0.4 3.33 -13.67 1.9 1.3 N 3.9 A N 
271 11.47 0.17 1.48 -17.48 2.4 0.8 N 2.5 A N 
272 12.9 0.23 1.78 -7.19 1.0 0.9 N 2.7 A W 
273 7.6 0.9 11.84 -45.32 6.3 2.4 N 12.0 N N 
274 13.7 0.5 3.65 -1.44 0.2 1.5 A 4.2 A A 
275 12.32 0.3 2.44 -11.37 1.6 1.1 N 3.2 A N 
276 11.7 1 8.55 -15.83 2.2 2.7 A 8.8 A A 
278 13.3 1.1 8.27 -4.32 0.6 2.9 A 8.5 A A 
279 11.65 0.19 1.63 -16.19 2.3 0.9 N 2.6 A N 
283 9.04 0.34 3.76 -34.96 4.9 1.1 N 4.3 A N 
284 12.66 0.91 7.19 -8.92 1.2 2.5 A 7.5 A A 
285 12.64 0.91 7.20 -9.06 1.3 2.5 A 7.5 A A 
286 3.04 0.13 4.28 -78.13 10.9 0.8 N 4.7 A N 
288 12.8 0.7 5.47 -7.91 1.1 1.9 A 5.8 A A 
289 14.3 0.4 2.80 2.88 0.4 1.3 A 3.4 A A 
290 12.8 0.8 6.25 -7.91 1.1 2.2 A 6.6 A A 
292 12.6 0.7 5.56 -9.35 1.3 1.9 A 5.9 A A 
293 12.6 0.7 5.56 -9.35 1.3 1.9 A 5.9 A A 
294 13.3 0.4 3.01 -4.32 0.6 1.3 A 3.6 A A 
295 12.67 0.31 2.45 -8.85 1.2 1.1 N 3.2 A W 
296 12.7 0.3 2.36 -8.63 1.2 1.1 N 3.1 A W 
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Score 
297 12.9 0.62 4.81 -7.19 1.0 1.8 A 5.2 A A 
298 12.77 0.22 1.72 -8.13 1.1 0.9 N 2.6 A W 
299 11.8 1.2 10.17 -15.11 2.1 3.2 A 10.4 N N 
300 13.8 1.1 7.97 -0.72 0.1 2.9 A 8.2 A A 
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Performance evaluation of Cs-137 measurement results 

Spiked water sample 02 

Target Value: 9.5 ± 0.19 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 8.59 0.77 8.96 -9.58 0.9 2.0 A 9.2 A A 
2 9.2 0.35 3.80 -3.16 0.3 1.0 A 4.3 A A 
3 9.6 1.0 10.42 1.05 0.1 2.6 A 10.6 N W 
4 10.1 0.2 1.98 6.32 0.6 0.7 A 2.8 A A 
5 9.8 0.4 4.08 3.16 0.3 1.1 A 4.5 A A 
6 9.1 0.4 4.40 -4.21 0.4 1.1 A 4.8 A A 
7 9.4 0.32 3.40 -1.05 0.1 1.0 A 3.9 A A 
9 9.5 0.4 4.21 0.00 0.0 1.1 A 4.7 A A 
11 9.9 0.5 5.05 4.21 0.4 1.4 A 5.4 A A 
12 11 0.4 3.64 15.79 1.5 1.1 N 4.2 A N 
13 8.39 0.29 3.46 -11.68 1.1 0.9 N 4.0 A N 
14 7.55 0.33 4.37 -20.53 2.0 1.0 N 4.8 A N 

A
82%

N
14%W

4%

1

3

5

7

9

11

13

[B
q/

kg
]

Laboratory code

Cs-137 Water sample 02
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[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
15 5.1 0.97 19.02 -46.32 4.4 2.6 N 19.1 N N 
16 9.73 0.15 1.54 2.42 0.2 0.6 A 2.5 A A 
17 10.25 0.46 4.49 7.89 0.8 1.3 A 4.9 A A 
18 9.46 0.12 1.27 -0.42 0.0 0.6 A 2.4 A A 
19 9.952 0.109 1.10 4.76 0.5 0.6 A 2.3 A A 
20 9.6 0.14 1.46 1.05 0.1 0.6 A 2.5 A A 
21 9.88 0.99 10.02 4.00 0.4 2.6 A 10.2 N W 
22 9.6 0.08 0.83 1.05 0.1 0.5 A 2.2 A A 
23 9.72 0.15 1.54 2.32 0.2 0.6 A 2.5 A A 
24 10.01 0.18 1.80 5.37 0.5 0.7 A 2.7 A A 
25 4.17 0.38 9.11 -56.11 5.3 1.1 N 9.3 A N 
26 9.15 0.48 5.25 -3.68 0.4 1.3 A 5.6 A A 
27 9.766 0.7561 7.74 2.80 0.3 2.0 A 8.0 A A 
29 10.4 0.4 3.85 9.47 0.9 1.1 A 4.3 A A 
30 9.3 0.6 6.45 -2.11 0.2 1.6 A 6.8 A A 
31 10 1 10.00 5.26 0.5 2.6 A 10.2 N W 
32 9.62 0.52 5.41 1.26 0.1 1.4 A 5.8 A A 
33 9.4 0.47 5.00 -1.05 0.1 1.3 A 5.4 A A 
34 9.52 0.38 3.99 0.21 0.0 1.1 A 4.5 A A 
35 10.1 0.37 3.66 6.32 0.6 1.1 A 4.2 A A 
36 9.87 0.25 2.53 3.89 0.4 0.8 A 3.2 A A 
37 9.88 0.61 6.17 4.00 0.4 1.6 A 6.5 A A 
38 10.1 0.001 0.01 6.32 0.6 0.5 N 2.0 A W 
39 9.2 0.5 5.43 -3.16 0.3 1.4 A 5.8 A A 
40 9.94 0.53 5.33 4.63 0.4 1.5 A 5.7 A A 
41 9.3 0.7 7.53 -2.11 0.2 1.9 A 7.8 A A 
42 8.8 0.4 4.55 -7.37 0.7 1.1 A 5.0 A A 
43 5.72 0.24 4.20 -39.79 3.8 0.8 N 4.6 A N 
44 9.64 0.5 5.19 1.47 0.1 1.4 A 5.6 A A 
45 9.34 0.31 3.32 -1.68 0.2 0.9 A 3.9 A A 
46 9.2 0.5 5.43 -3.16 0.3 1.4 A 5.8 A A 
47 9.87 0.31 3.14 3.89 0.4 0.9 A 3.7 A A 
50 9.33 0.7 7.50 -1.79 0.2 1.9 A 7.8 A A 
51 9.15 0.35 3.83 -3.68 0.4 1.0 A 4.3 A A 
52 8.87 0.63 7.10 -6.63 0.6 1.7 A 7.4 A A 
53 9.2 0.4 4.35 -3.16 0.3 1.1 A 4.8 A A 
54 10.5 0.84 8.00 10.53 1.0 2.2 A 8.2 A A 
55 9.84 0.65 6.61 3.58 0.3 1.7 A 6.9 A A 
56 9.7 0.4 4.12 2.11 0.2 1.1 A 4.6 A A 
57 9.59 0.56 5.84 0.95 0.1 1.5 A 6.2 A A 
58 10.1 0.4 3.96 6.32 0.6 1.1 A 4.4 A A 
59 10 0.2 2.00 5.26 0.5 0.7 A 2.8 A A 
60 9.46 0.19 2.01 -0.42 0.0 0.7 A 2.8 A A 
61 9.66 0.26 2.69 1.68 0.2 0.8 A 3.4 A A 
62 9.38 0.27 2.88 -1.26 0.1 0.9 A 3.5 A A 
63 9.59 0.16 1.67 0.95 0.1 0.6 A 2.6 A A 
64 9.64 0.29 3.09 1.47 0.1 0.9 A 3.7 A A 
65 9.86 0.22 2.23 3.79 0.4 0.7 A 3.0 A A 
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Score 
68 10 0.3 3.00 5.26 0.5 0.9 A 3.6 A A 
70 11.3 1.2 10.62 18.95 1.8 3.1 A 10.8 N N 
71 9 0.37 4.11 -5.26 0.5 1.1 A 4.6 A A 
72 8.95 0.13 1.45 -5.79 0.6 0.6 A 2.5 A A 
73 9.7 0.5 5.15 2.11 0.2 1.4 A 5.5 A A 
74 8.4 0.4 4.76 -11.58 1.1 1.1 A 5.2 A A 
75 9.8 0.3 3.06 3.16 0.3 0.9 A 3.7 A A 
76 9.95 0.23 2.31 4.74 0.4 0.8 A 3.1 A A 
77 9.894 0.308 3.11 4.15 0.4 0.9 A 3.7 A A 
78 7.81 0.206 2.64 -17.79 1.7 0.7 N 3.3 A N 
79 10.5 0.6 5.71 10.53 1.0 1.6 A 6.1 A A 
80 9.9 0.4 4.04 4.21 0.4 1.1 A 4.5 A A 
81 9.19 0.44 4.79 -3.26 0.3 1.2 A 5.2 A A 
82 8.89 0.28 3.15 -6.42 0.6 0.9 A 3.7 A A 
83 9.28 0.27 2.91 -2.32 0.2 0.9 A 3.5 A A 
84 10.5 0.4 3.81 10.53 1.0 1.1 A 4.3 A A 
85 7.7 0.3 3.90 -18.95 1.8 0.9 N 4.4 A N 
86 8.3 0.6 7.23 -12.63 1.2 1.6 A 7.5 A A 
87 10.1 0.5 4.95 6.32 0.6 1.4 A 5.3 A A 
88 10.4 0.3 2.88 9.47 0.9 0.9 A 3.5 A A 
89 10 0.18 1.80 5.26 0.5 0.7 A 2.7 A A 
90 9.46 0.45 4.76 -0.42 0.0 1.3 A 5.2 A A 
91 9.5 0.8 8.42 0.00 0.0 2.1 A 8.7 A A 
92 9.21 0.47 5.10 -3.05 0.3 1.3 A 5.5 A A 
93 9.03 0.27 2.99 -4.95 0.5 0.9 A 3.6 A A 
94 9.9 0.6 6.06 4.21 0.4 1.6 A 6.4 A A 
95 9.41 0.66 7.01 -0.95 0.1 1.8 A 7.3 A A 
96 10 0.5 5.00 5.26 0.5 1.4 A 5.4 A A 
97 9.15 0.34 3.72 -3.68 0.4 1.0 A 4.2 A A 
98 8.83 0.8 9.06 -7.05 0.7 2.1 A 9.3 A A 
99 9.63 0.21 2.18 1.37 0.1 0.7 A 3.0 A A 

100 9.59 1.5 15.64 0.95 0.1 3.9 A 15.8 N W 
101 10.2 0.5 4.90 7.37 0.7 1.4 A 5.3 A A 
103 8.051 0.576 7.15 -15.25 1.4 1.6 A 7.4 A A 
105 9.92 0.56 5.65 4.42 0.4 1.5 A 6.0 A A 
106 9.79 0.78 7.97 3.05 0.3 2.1 A 8.2 A A 
107 9.45 1.17 12.38 -0.53 0.1 3.1 A 12.5 N W 
109 9.18 0.76 8.28 -3.37 0.3 2.0 A 8.5 A A 
110 9.55 0.718 7.52 0.53 0.1 1.9 A 7.8 A A 
111 9.46 0.56 5.92 -0.42 0.0 1.5 A 6.2 A A 
112 10.2 0.34 3.33 7.37 0.7 1.0 A 3.9 A A 
113 9.27 0.44 4.75 -2.42 0.2 1.2 A 5.2 A A 
114 10.2 0.6 5.88 7.37 0.7 1.6 A 6.2 A A 
115 10.1 0.9 8.91 6.32 0.6 2.4 A 9.1 A A 
118 9.55 0.29 3.04 0.53 0.1 0.9 A 3.6 A A 
119 9.8 0.63 6.43 3.16 0.3 1.7 A 6.7 A A 
120 10.19 0.34 3.34 7.26 0.7 1.0 A 3.9 A A 
121 22.9 0.65 2.84 141.05 13.4 1.7 N 3.5 A N 
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Score 
122 9.72 0.32 3.29 2.32 0.2 1.0 A 3.9 A A 
123 7.96 0.21 2.64 -16.21 1.5 0.7 N 3.3 A N 
124 9.754 0.465 4.77 2.67 0.3 1.3 A 5.2 A A 
125 10.7 0.6 5.61 12.63 1.2 1.6 A 6.0 A A 
126 8.5 0.6 7.06 -10.53 1.0 1.6 A 7.3 A A 
127 9.41 0.5 5.31 -0.95 0.1 1.4 A 5.7 A A 
128 9.6 0.4 4.17 1.05 0.1 1.1 A 4.6 A A 
130 9.59 0.19 1.98 0.95 0.1 0.7 A 2.8 A A 
131 9 0.23 2.56 -5.26 0.5 0.8 A 3.2 A A 
132 9.584 0.248 2.59 0.88 0.1 0.8 A 3.3 A A 
133 9.9 0.3 3.03 4.21 0.4 0.9 A 3.6 A A 
134 9.65 0.21 2.18 1.58 0.2 0.7 A 3.0 A A 
136 10.05 0.29 2.89 5.79 0.6 0.9 A 3.5 A A 
137 18.14 1.31 7.22 90.95 8.6 3.4 N 7.5 A N 
138 9.91 0.56 5.65 4.32 0.4 1.5 A 6.0 A A 
139 9.55 0.38 3.98 0.53 0.1 1.1 A 4.5 A A 
140 11.5 0.52 4.52 21.05 2.0 1.4 N 4.9 A N 
141 13.07 0.85 6.50 37.58 3.6 2.2 N 6.8 A N 
142 9.14 0.004 0.05 -3.79 0.4 0.5 A 2.0 A A 
143 5.42 0.42 7.75 -42.95 4.1 1.2 N 8.0 A N 
144 5.64 0.5 8.87 -40.63 3.9 1.4 N 9.1 A N 
145 10.8 0.39 3.61 13.68 1.3 1.1 N 4.1 A N 
146 8.27 0.42 5.08 -12.95 1.2 1.2 N 5.5 A N 
150 6.19 0.4 6.46 -34.84 3.3 1.1 N 6.8 A N 
151 4.73 0.27 5.71 -50.21 4.8 0.9 N 6.0 A N 
152 4.7 0.3 6.38 -50.53 4.8 0.9 N 6.7 A N 
153 10.259 0.701 6.83 7.99 0.8 1.9 A 7.1 A A 
154 10.3 0.6 5.83 8.42 0.8 1.6 A 6.2 A A 
157 8.9 0.3 3.37 -6.32 0.6 0.9 A 3.9 A A 
158 9.47 0.54 5.70 -0.32 0.0 1.5 A 6.0 A A 
159 9.29 0.18 1.94 -2.21 0.2 0.7 A 2.8 A A 
160 12.19 0.74 6.07 28.32 2.7 2.0 N 6.4 A N 
161 9.25 0.62 6.70 -2.63 0.3 1.7 A 7.0 A A 
162 10.09 0.51 5.05 6.21 0.6 1.4 A 5.4 A A 
163 9.38 0.43 4.58 -1.26 0.1 1.2 A 5.0 A A 
164 9.11 0.42 4.61 -4.11 0.4 1.2 A 5.0 A A 
165 9.46 0.47 4.97 -0.42 0.0 1.3 A 5.4 A A 
166 10.29 0.55 5.34 8.32 0.8 1.5 A 5.7 A A 
167 7.94 0.48 6.05 -16.42 1.6 1.3 N 6.4 A N 
168 9.43 0.19 2.01 -0.74 0.1 0.7 A 2.8 A A 
169 9.72 0.25 2.57 2.32 0.2 0.8 A 3.3 A A 
170 9.7 0.4 4.12 2.11 0.2 1.1 A 4.6 A A 
171 10.04 0.53 5.28 5.68 0.5 1.5 A 5.6 A A 
172 9.5 0.5 5.26 0.00 0.0 1.4 A 5.6 A A 
173 9.12 0.24 2.63 -4.00 0.4 0.8 A 3.3 A A 
174 9.64 0.36 3.73 1.47 0.1 1.1 A 4.2 A A 
175 9.49 0.47 4.95 -0.11 0.0 1.3 A 5.3 A A 
176 9.45 0.23 2.43 -0.53 0.1 0.8 A 3.2 A A 

145

153



 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
177 9.37 0.23 2.45 -1.37 0.1 0.8 A 3.2 A A 
178 9.92 0.382 3.85 4.42 0.4 1.1 A 4.3 A A 
179 8.57 0.75 8.75 -9.79 0.9 2.0 A 9.0 A A 
181 9.82 0.12 1.22 3.37 0.3 0.6 A 2.3 A A 
182 10.92 0.45 4.12 14.95 1.4 1.3 N 4.6 A N 
183 8.85 0.34 3.84 -6.84 0.7 1.0 A 4.3 A A 
184 9.2 0.13 1.41 -3.16 0.3 0.6 A 2.4 A A 
185 9.54 0.57 5.97 0.42 0.0 1.6 A 6.3 A A 
186 9.66 0.36 3.73 1.68 0.2 1.1 A 4.2 A A 
187 9 0.6 6.67 -5.26 0.5 1.6 A 7.0 A A 
188 9.35 0.47 5.03 -1.58 0.2 1.3 A 5.4 A A 
190 8.94 1.23 13.76 -5.89 0.6 3.2 A 13.9 N W 
191 9.18 0.29 3.16 -3.37 0.3 0.9 A 3.7 A A 
192 9.8 0.3 3.06 3.16 0.3 0.9 A 3.7 A A 
193 9.3 0.5 5.38 -2.11 0.2 1.4 A 5.7 A A 
194 9.9 0.4 4.04 4.21 0.4 1.1 A 4.5 A A 
195 10.03 0.4 3.99 5.58 0.5 1.1 A 4.5 A A 
197 18.9 0.07 0.37 98.95 9.4 0.5 N 2.0 A N 
199 9.1 0.5 5.49 -4.21 0.4 1.4 A 5.8 A A 
200 9.29 0.38 4.09 -2.21 0.2 1.1 A 4.6 A A 
201 10.25 0.22 2.15 7.89 0.8 0.7 N 2.9 A W 
202 5.848 1.7 29.07 -38.44 3.7 4.4 A 29.1 N N 
203 48.12 1.42 2.95 406.53 38.6 3.7 N 3.6 A N 
204 7.3 0.6 8.22 -23.16 2.2 1.6 N 8.5 A N 
205 8.64 0.57 6.60 -9.05 0.9 1.6 A 6.9 A A 
206 2.97 0.12 4.04 -68.74 6.5 0.6 N 4.5 A N 
207 10.85 0.43 3.96 14.21 1.4 1.2 N 4.4 A N 
208 9.2 0.9 9.78 -3.16 0.3 2.4 A 10.0 A A 
209 10.72 0.45 4.20 12.84 1.2 1.3 A 4.6 A A 
210 9.5 0.16 1.68 0.00 0.0 0.6 A 2.6 A A 
211 9.61 0.3 3.12 1.16 0.1 0.9 A 3.7 A A 
212 10.07 0.32 3.18 6.00 0.6 1.0 A 3.8 A A 
213 9.19 0.29 3.16 -3.26 0.3 0.9 A 3.7 A A 
214 9.43 0.3 3.18 -0.74 0.1 0.9 A 3.8 A A 
215 9.27 0.36 3.88 -2.42 0.2 1.1 A 4.4 A A 
216 9.44 0.39 4.13 -0.63 0.1 1.1 A 4.6 A A 
217 9.34 0.39 4.18 -1.68 0.2 1.1 A 4.6 A A 
218 9.616 0.245 2.55 1.22 0.1 0.8 A 3.2 A A 
219 8.25 0.28 3.39 -13.16 1.3 0.9 N 3.9 A N 
220 9.58 0.37 3.86 0.84 0.1 1.1 A 4.3 A A 
221 9.8 0.5 5.10 3.16 0.3 1.4 A 5.5 A A 
223 6.94 0.88 12.68 -26.95 2.6 2.3 N 12.8 N N 
224 10.14 0.8 7.89 6.74 0.6 2.1 A 8.1 A A 
225 156 40 25.64 1542.11 146.5 103.2 N 25.7 N N 
226 10.4 0.5 4.81 9.47 0.9 1.4 A 5.2 A A 
227 9.01 0.28 3.11 -5.16 0.5 0.9 A 3.7 A A 
230 15.12 1.65 10.91 59.16 5.6 4.3 N 11.1 N N 
232 8.6 0.26 3.02 -9.47 0.9 0.8 N 3.6 A W 
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Score 
233 9.65 0.83 8.60 1.58 0.2 2.2 A 8.8 A A 
234 9.62 0.576 5.99 1.26 0.1 1.6 A 6.3 A A 
235 11.87 1.14 9.60 24.95 2.4 3.0 A 9.8 A A 
236 9.46 0.88 9.30 -0.42 0.0 2.3 A 9.5 A A 
237 9.6 0.5 5.21 1.05 0.1 1.4 A 5.6 A A 
238 9.23 0.2 2.17 -2.84 0.3 0.7 A 2.9 A A 
239 9.21 0.32 3.47 -3.05 0.3 1.0 A 4.0 A A 
240 10 0.7 7.00 5.26 0.5 1.9 A 7.3 A A 
241 9.6 0.9 9.38 1.05 0.1 2.4 A 9.6 A A 
242 9.49 0.2 2.11 -0.11 0.0 0.7 A 2.9 A A 
243 10.04 0.5358 5.34 5.68 0.5 1.5 A 5.7 A A 
244 8.93 0.323 3.62 -6.00 0.6 1.0 A 4.1 A A 
245 9.44 0.17 1.80 -0.63 0.1 0.7 A 2.7 A A 
246 8.59 0.25 2.91 -9.58 0.9 0.8 N 3.5 A W 
249 8.82 0.32 3.63 -7.16 0.7 1.0 A 4.1 A A 
250 9.06 0.29 3.20 -4.63 0.4 0.9 A 3.8 A A 
251 9.65 0.71 7.36 1.58 0.2 1.9 A 7.6 A A 
252 9.9 0.3 3.03 4.21 0.4 0.9 A 3.6 A A 
253 10 0.4 4.00 5.26 0.5 1.1 A 4.5 A A 
254 9.25 0.3 3.24 -2.63 0.3 0.9 A 3.8 A A 
255 9.63 0.1 1.04 1.37 0.1 0.6 A 2.3 A A 
256 9.03 0.68 7.53 -4.95 0.5 1.8 A 7.8 A A 
257 9.43 0.52 5.51 -0.74 0.1 1.4 A 5.9 A A 
258 9.78 0.5 5.11 2.95 0.3 1.4 A 5.5 A A 
259 9.33 0.13 1.39 -1.79 0.2 0.6 A 2.4 A A 
261 10.4 0.7 6.73 9.47 0.9 1.9 A 7.0 A A 
263 9.3 0.72 7.74 -2.11 0.2 1.9 A 8.0 A A 
264 8.84 0.278 3.14 -6.95 0.7 0.9 A 3.7 A A 
265 9.72 0.113 1.16 2.32 0.2 0.6 A 2.3 A A 
267 8.9 0.59 6.63 -6.32 0.6 1.6 A 6.9 A A 
268 9.49 0.61 6.43 -0.11 0.0 1.6 A 6.7 A A 
269 9.4 0.7 7.45 -1.05 0.1 1.9 A 7.7 A A 
270 9.16 0.35 3.82 -3.58 0.3 1.0 A 4.3 A A 
271 9.26 0.25 2.70 -2.53 0.2 0.8 A 3.4 A A 
272 9.91 0.27 2.72 4.32 0.4 0.9 A 3.4 A A 
273 5 0.7 14.00 -47.37 4.5 1.9 N 14.1 N N 
274 9.32 0.26 2.79 -1.89 0.2 0.8 A 3.4 A A 
275 9.56 0.27 2.82 0.63 0.1 0.9 A 3.5 A A 
276 9.6 1.3 13.54 1.05 0.1 3.4 A 13.7 N W 
278 8.88 0.82 9.23 -6.53 0.6 2.2 A 9.4 A A 
279 9.83 0.23 2.34 3.47 0.3 0.8 A 3.1 A A 
283 8.88 0.21 2.36 -6.53 0.6 0.7 A 3.1 A A 
284 9.96 0.73 7.33 4.84 0.5 1.9 A 7.6 A A 
285 9.75 0.68 7.02 1.89 0.2 1.8 A 7.3 A A 
288 9.7 0.2 2.06 2.11 0.2 0.7 A 2.9 A A 
289 9.88 0.26 2.63 4.00 0.4 0.8 A 3.3 A A 
290 9.2 0.5 5.43 -3.16 0.3 1.4 A 5.8 A A 
292 8.5 0.5 5.88 -10.53 1.0 1.4 A 6.2 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
293 8.5 0.5 5.88 -10.53 1.0 1.4 A 6.2 A A 
294 10.4 0.3 2.88 9.47 0.9 0.9 A 3.5 A A 
295 9.77 0.23 2.35 2.84 0.3 0.8 A 3.1 A A 
296 9.5 0.3 3.16 0.00 0.0 0.9 A 3.7 A A 
297 9.37 0.48 5.12 -1.37 0.1 1.3 A 5.5 A A 
298 10.213 0.1813 1.78 7.51 0.7 0.7 N 2.7 A W 
299 9.8 1.4 14.29 3.16 0.3 3.6 A 14.4 N W 
300 9.48 0.76 8.02 -0.21 0.0 2.0 A 8.3 A A 
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Performance evaluation of Eu-152 measurement results 

Spiked water sample 02 

Target Value: 11.3 ± 0.23 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 10.86 1.07 9.85 -3.89 0.4 2.8 A 10.1 N W 
3 11 1 9.09 -2.65 0.3 2.6 A 9.3 A A 
4 11.5 0.7 6.09 1.77 0.2 1.9 A 6.4 A A 
5 9.71 0.44 4.53 -14.07 1.6 1.3 N 5.0 A N 
6 9.6 0.38 3.96 -15.04 1.7 1.1 N 4.4 A N 
7 10.73 0.33 3.08 -5.04 0.6 1.0 A 3.7 A A 
9 11.4 0.6 5.26 0.88 0.1 1.7 A 5.6 A A 
11 11.1 0.6 5.41 -1.77 0.2 1.7 A 5.8 A A 

W
11%

N
27%

A
62%

1

3

5

7
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19
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]

Laboratory code

Eu-152 Water sample 02
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
12 13.7 0.6 4.38 21.24 2.4 1.7 N 4.8 A N 
13 9.21 0.36 3.91 -18.50 2.1 1.1 N 4.4 A N 
14 14.3 1.32 9.23 26.55 3.0 3.5 A 9.4 A A 
15 10.94 3.45 31.54 -3.19 0.4 8.9 A 31.6 N W 
16 11.2 0.2 1.79 -0.88 0.1 0.8 A 2.7 A A 
17 11.4 0.5 4.39 0.88 0.1 1.4 A 4.8 A A 
18 11.19 0.22 1.97 -0.97 0.1 0.8 A 2.8 A A 
19 11.067 0.143 1.29 -2.06 0.2 0.7 A 2.4 A A 
20 11.25 0.3 2.67 -0.44 0.1 1.0 A 3.3 A A 
21 11.33 1.3 11.47 0.27 0.0 3.4 A 11.6 N W 
22 10.76 0.13 1.21 -4.78 0.5 0.7 A 2.3 A A 
23 11.2 0.39 3.48 -0.88 0.1 1.2 A 4.0 A A 
24 11.3 0.2 1.77 0.00 0.0 0.8 A 2.7 A A 
25 0.97 0.42 43.30 -91.42 10.3 1.2 N 43.3 N N 
26 10.55 0.7 6.64 -6.64 0.8 1.9 A 6.9 A A 
27 11.16 1.079 9.67 -1.24 0.1 2.8 A 9.9 A A 
29 9.9 0.9 9.09 -12.39 1.4 2.4 A 9.3 A A 
30 10.7 0.7 6.54 -5.31 0.6 1.9 A 6.8 A A 
31 8.1 2.3 28.40 -28.32 3.2 6.0 A 28.5 N N 
32 10.3 0.5 4.85 -8.85 1.0 1.4 A 5.3 A A 
34 9.99 0.27 2.70 -11.59 1.3 0.9 N 3.4 A N 
35 11.2 0.81 7.23 -0.88 0.1 2.2 A 7.5 A A 
36 10.8 0.2 1.85 -4.42 0.5 0.8 A 2.7 A A 
37 8.64 0.56 6.48 -23.54 2.7 1.6 N 6.8 A N 
38 11.3 0.0024 0.02 0.00 0.0 0.6 A 2.0 A A 
39 10.3 0.4 3.88 -8.85 1.0 1.2 A 4.4 A A 
40 11.52 0.81 7.03 1.95 0.2 2.2 A 7.3 A A 
41 11.1 0.9 8.11 -1.77 0.2 2.4 A 8.4 A A 
42 11.1 0.9 8.11 -1.77 0.2 2.4 A 8.4 A A 
43 6.09 0.11 1.81 -46.11 5.2 0.6 N 2.7 A N 
44 9.47 0.78 8.24 -16.19 1.8 2.1 A 8.5 A A 
45 11.62 0.6 5.16 2.83 0.3 1.7 A 5.5 A A 
46 8.9 0.36 4.04 -21.24 2.4 1.1 N 4.5 A N 
47 11.37 0.38 3.34 0.62 0.1 1.1 A 3.9 A A 
50 10.36 1.04 10.04 -8.32 0.9 2.7 A 10.2 N W 
51 14.1 1 7.09 24.78 2.8 2.6 N 7.4 A N 
52 8.91 0.97 10.89 -21.15 2.4 2.6 A 11.1 N N 
53 10.3 0.6 5.83 -8.85 1.0 1.7 A 6.2 A A 
54 11.74 1.06 9.03 3.89 0.4 2.8 A 9.2 A A 
55 11.28 0.62 5.50 -0.18 0.0 1.7 A 5.8 A A 
56 11.4 0.7 6.14 0.88 0.1 1.9 A 6.5 A A 
57 11.5 0.7 6.09 1.77 0.2 1.9 A 6.4 A A 
58 11.6 0.6 5.17 2.65 0.3 1.7 A 5.5 A A 
59 10.3 0.3 2.91 -8.85 1.0 1.0 N 3.5 A W 
60 10.5 0.2 1.90 -7.08 0.8 0.8 N 2.8 A W 
61 10.78 0.22 2.04 -4.60 0.5 0.8 A 2.9 A A 
62 11.4 0.28 2.46 0.88 0.1 0.9 A 3.2 A A 
63 11.59 0.34 2.93 2.57 0.3 1.1 A 3.6 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
64 11.7 2.13 18.21 3.54 0.4 5.5 A 18.3 N W 
65 11.92 0.31 2.60 5.49 0.6 1.0 A 3.3 A A 
68 11.2 0.4 3.57 -0.88 0.1 1.2 A 4.1 A A 
70 11.2 2.1 18.75 -0.88 0.1 5.4 A 18.9 N W 
71 9.41 0.69 7.33 -16.73 1.9 1.9 N 7.6 A N 
72 9.82 0.11 1.12 -13.10 1.5 0.6 N 2.3 A N 
73 12.4 0.8 6.45 9.73 1.1 2.1 A 6.8 A A 
75 26.8 0.8 2.99 137.17 15.5 2.1 N 3.6 A N 
76 10.69 0.55 5.14 -5.40 0.6 1.5 A 5.5 A A 
77 12.74 1.18 9.26 12.74 1.4 3.1 A 9.5 A A 
78 9.56 0.242 2.53 -15.40 1.7 0.9 N 3.2 A N 
79 6.6 2.5 37.88 -41.59 4.7 6.5 A 37.9 N N 
80 10 0.7 7.00 -11.50 1.3 1.9 A 7.3 A A 
81 9.72 0.59 6.07 -13.98 1.6 1.6 A 6.4 A A 
82 9.06 0.47 5.19 -19.82 2.2 1.3 N 5.6 A N 
84 12.3 0.5 4.07 8.85 1.0 1.4 A 4.5 A A 
86 10.7 1.8 16.82 -5.31 0.6 4.7 A 16.9 N W 
87 11.3 1 8.85 0.00 0.0 2.6 A 9.1 A A 
88 14.5 1.5 10.34 28.32 3.2 3.9 A 10.5 N N 
89 10.6 0.23 2.17 -6.19 0.7 0.8 A 3.0 A A 
90 9.45 0.83 8.78 -16.37 1.9 2.2 A 9.0 A A 
91 10.4 1 9.62 -7.96 0.9 2.6 A 9.8 A A 
92 11.02 0.6 5.44 -2.48 0.3 1.7 A 5.8 A A 
93 9.7 0.3 3.09 -14.16 1.6 1.0 N 3.7 A N 
94 12 2 16.67 6.19 0.7 5.2 A 16.8 N W 
95 10.8 0.77 7.13 -4.42 0.5 2.1 A 7.4 A A 
96 11.1 0.8 7.21 -1.77 0.2 2.1 A 7.5 A A 
97 10.85 0.25 2.30 -3.98 0.5 0.9 A 3.1 A A 
98 9.47 0.78 8.24 -16.19 1.8 2.1 A 8.5 A A 
99 10.93 0.37 3.39 -3.27 0.4 1.1 A 3.9 A A 

100 9.8 1.81 18.47 -13.27 1.5 4.7 A 18.6 N N 
101 11.1 0.6 5.41 -1.77 0.2 1.7 A 5.8 A A 
103 10.94 0.416 3.80 -3.19 0.4 1.2 A 4.3 A A 
105 27.88 1.45 5.20 146.73 16.6 3.8 N 5.6 A N 
106 9.11 0.76 8.34 -19.38 2.2 2.0 N 8.6 A N 
107 15.42 2.89 18.74 36.46 4.1 7.5 A 18.8 N N 
109 10.5 0.95 9.05 -7.08 0.8 2.5 A 9.3 A A 
110 14 1.05 7.50 23.89 2.7 2.8 A 7.8 A A 
111 10.93 0.84 7.69 -3.27 0.4 2.2 A 7.9 A A 
112 11 0.5 4.55 -2.65 0.3 1.4 A 5.0 A A 
113 17.34 1 5.77 53.45 6.0 2.6 N 6.1 A N 
114 12.3 0.9 7.32 8.85 1.0 2.4 A 7.6 A A 
115 26 1.7 6.54 130.09 14.7 4.4 N 6.8 A N 
118 11.2 0.41 3.66 -0.88 0.1 1.2 A 4.2 A A 
119 12.4 0.82 6.61 9.73 1.1 2.2 A 6.9 A A 
120 11 0.5 4.55 -2.65 0.3 1.4 A 5.0 A A 
121 13.39 3.21 23.97 18.50 2.1 8.3 A 24.1 N N 
122 10.75 0.35 3.26 -4.87 0.6 1.1 A 3.8 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
123 9.75 0.55 5.64 -13.72 1.6 1.5 N 6.0 A N 
124 11.08 0.54 4.87 -1.95 0.2 1.5 A 5.3 A A 
125 10.4 0.7 6.73 -7.96 0.9 1.9 A 7.0 A A 
126 9.9 1.3 13.13 -12.39 1.4 3.4 A 13.3 N N 
127 10.2 0.61 5.98 -9.73 1.1 1.7 A 6.3 A A 
128 10.5 0.6 5.71 -7.08 0.8 1.7 A 6.1 A A 
130 10.2 0.6 5.88 -9.73 1.1 1.7 A 6.2 A A 
131 10.17 0.33 3.24 -10.00 1.1 1.0 N 3.8 A W 
132 10.32 0.292 2.83 -8.67 1.0 1.0 N 3.5 A W 
133 11.6 0.5 4.31 2.65 0.3 1.4 A 4.8 A A 
134 11.4 0.33 2.89 0.88 0.1 1.0 A 3.5 A A 
136 79.87 1.98 2.48 606.81 68.6 5.1 N 3.2 A N 
138 9.81 1.17 11.93 -13.19 1.5 3.1 A 12.1 N N 
139 9.78 0.23 2.35 -13.45 1.5 0.8 N 3.1 A N 
140 12.2 0.39 3.20 7.96 0.9 1.2 A 3.8 A A 
141 13.19 0.93 7.05 16.73 1.9 2.5 A 7.3 A A 
142 7.31 0.0016 0.02 -35.31 4.0 0.6 N 2.0 A N 
143 9.58 1.17 12.21 -15.22 1.7 3.1 A 12.4 N N 
144 9.31 2.04 21.91 -17.61 2.0 5.3 A 22.0 N N 
145 8.59 1.15 13.39 -23.98 2.7 3.0 A 13.5 N N 
146 8.95 0.43 4.80 -20.80 2.4 1.3 N 5.2 A N 
150 5.58 0.49 8.78 -50.62 5.7 1.4 N 9.0 A N 
151 8.18 0.61 7.46 -27.61 3.1 1.7 N 7.7 A N 
152 8.2 0.6 7.32 -27.43 3.1 1.7 N 7.6 A N 
153 9.899 0.785 7.93 -12.40 1.4 2.1 A 8.2 A A 
154 11 0.7 6.36 -2.65 0.3 1.9 A 6.7 A A 
157 10.5 0.5 4.76 -7.08 0.8 1.4 A 5.2 A A 
158 10.05 0.58 5.77 -11.06 1.3 1.6 A 6.1 A A 
159 10.4 0.2 1.92 -7.96 0.9 0.8 N 2.8 A W 
160 13.2 1.4 10.61 16.81 1.9 3.7 A 10.8 N N 
161 10.66 0.96 9.01 -5.66 0.6 2.5 A 9.2 A A 
162 10.48 0.4 3.82 -7.26 0.8 1.2 A 4.3 A A 
163 12.4 0.62 5.00 9.73 1.1 1.7 A 5.4 A A 
164 10.98 0.55 5.01 -2.83 0.3 1.5 A 5.4 A A 
165 10.9 0.3 2.75 -3.54 0.4 1.0 A 3.4 A A 
166 10.71 0.64 5.98 -5.22 0.6 1.8 A 6.3 A A 
167 7.05 0.46 6.52 -37.61 4.3 1.3 N 6.8 A N 
168 10.18 0.18 1.77 -9.91 1.1 0.7 N 2.7 A W 
169 10.76 0.25 2.32 -4.78 0.5 0.9 A 3.1 A A 
170 11 1 9.09 -2.65 0.3 2.6 A 9.3 A A 
171 12.38 0.32 2.58 9.56 1.1 1.0 N 3.3 A W 
172 11.1 0.7 6.31 -1.77 0.2 1.9 A 6.6 A A 
173 10.51 0.19 1.81 -6.99 0.8 0.8 N 2.7 A W 
174 12.05 0.43 3.57 6.64 0.8 1.3 A 4.1 A A 
175 11.9 0.61 5.13 5.31 0.6 1.7 A 5.5 A A 
177 12.2 0.6 4.92 7.96 0.9 1.7 A 5.3 A A 
178 12.42 0.445 3.58 9.91 1.1 1.3 A 4.1 A A 
179 9.29 0.3 3.23 -17.79 2.0 1.0 N 3.8 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
181 12.06 0.33 2.74 6.73 0.8 1.0 A 3.4 A A 
182 12.66 0.62 4.90 12.04 1.4 1.7 A 5.3 A A 
183 9.83 0.5 5.09 -13.01 1.5 1.4 N 5.5 A N 
184 11.45 0.81 7.07 1.33 0.1 2.2 A 7.4 A A 
185 10.58 0.85 8.03 -6.37 0.7 2.3 A 8.3 A A 
186 11.2 0.41 3.66 -0.88 0.1 1.2 A 4.2 A A 
187 10.1 1.5 14.85 -10.62 1.2 3.9 A 15.0 N N 
188 10.2 1 9.80 -9.73 1.1 2.6 A 10.0 N W 
190 11.23 1.43 12.73 -0.62 0.1 3.7 A 12.9 N W 
191 10.98 0.53 4.83 -2.83 0.3 1.5 A 5.2 A A 
192 11.1 0.8 7.21 -1.77 0.2 2.1 A 7.5 A A 
193 12.1 0.3 2.48 7.08 0.8 1.0 A 3.2 A A 
194 10.6 0.3 2.83 -6.19 0.7 1.0 A 3.5 A A 
195 10.3 0.4 3.88 -8.85 1.0 1.2 A 4.4 A A 
197 25.1 1.84 7.33 122.12 13.8 4.8 N 7.6 A N 
199 10.4 1.3 12.50 -7.96 0.9 3.4 A 12.7 N W 
200 10.56 0.41 3.88 -6.55 0.7 1.2 A 4.4 A A 
201 10.32 0.27 2.62 -8.67 1.0 0.9 N 3.3 A W 
202 8.624 0.883 10.24 -23.68 2.7 2.4 N 10.4 N N 
207 12.4 2.6 20.97 9.73 1.1 6.7 A 21.1 N W 
208 11.3 1.5 13.27 0.00 0.0 3.9 A 13.4 N W 
209 17.91 1.19 6.64 58.50 6.6 3.1 N 6.9 A N 
210 9.9 0.15 1.52 -12.39 1.4 0.7 N 2.5 A N 
211 11.34 0.57 5.03 0.35 0.0 1.6 A 5.4 A A 
212 10.5 0.35 3.33 -7.08 0.8 1.1 A 3.9 A A 
213 11.54 0.88 7.63 2.12 0.2 2.3 A 7.9 A A 
214 10.47 0.36 3.44 -7.35 0.8 1.1 A 4.0 A A 
215 10.68 0.42 3.93 -5.49 0.6 1.2 A 4.4 A A 
216 10.3 2.4 23.30 -8.85 1.0 6.2 A 23.4 N W 
217 9.18 0.28 3.05 -18.76 2.1 0.9 N 3.6 A N 
218 9.412 0.226 2.40 -16.71 1.9 0.8 N 3.1 A N 
219 10.4 0.5 4.81 -7.96 0.9 1.4 A 5.2 A A 
220 9.26 0.42 4.54 -18.05 2.0 1.2 N 5.0 A N 
221 9.14 0.5 5.47 -19.12 2.2 1.4 N 5.8 A N 
223 6.69 0.71 10.61 -40.80 4.6 1.9 N 10.8 N N 
224 12.86 0.93 7.23 13.81 1.6 2.5 A 7.5 A A 
225 1764 210 11.90 15510.6 1752.7 541.8 N 12.1 N N 
226 24 1 4.17 112.39 12.7 2.6 N 4.6 A N 
227 10.33 0.39 3.78 -8.58 1.0 1.2 A 4.3 A A 
230 36.8 3.45 9.38 225.66 25.5 8.9 N 9.6 A N 
232 10.3 1 9.71 -8.85 1.0 2.6 A 9.9 A A 
233 9.52 0.8 8.40 -15.75 1.8 2.1 A 8.6 A A 
235 15.47 4.64 29.99 36.90 4.2 12.0 A 30.1 N N 
236 10.6 1.2 11.32 -6.19 0.7 3.2 A 11.5 N W 
237 10.1 0.6 5.94 -10.62 1.2 1.7 A 6.3 A A 
238 10.77 0.25 2.32 -4.69 0.5 0.9 A 3.1 A A 
239 8.86 0.37 4.18 -21.59 2.4 1.1 N 4.6 A N 
240 10.9 0.7 6.42 -3.54 0.4 1.9 A 6.7 A A 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
241 10.5 0.9 8.57 -7.08 0.8 2.4 A 8.8 A A 
242 11.13 0.25 2.25 -1.50 0.2 0.9 A 3.0 A A 
243 10.94 0.595 5.44 -3.19 0.4 1.6 A 5.8 A A 
244 10.1 0.38 3.76 -10.62 1.2 1.1 N 4.3 A N 
245 9.7 0.2 2.06 -14.16 1.6 0.8 N 2.9 A N 
246 9.2 0.36 3.91 -18.58 2.1 1.1 N 4.4 A N 
249 9.84 0.37 3.76 -12.92 1.5 1.1 N 4.3 A N 
250 11.01 0.31 2.82 -2.57 0.3 1.0 A 3.5 A A 
251 11.31 0.91 8.05 0.09 0.0 2.4 A 8.3 A A 
252 10.6 0.4 3.77 -6.19 0.7 1.2 A 4.3 A A 
253 11.3 0.8 7.08 0.00 0.0 2.1 A 7.4 A A 
254 10.89 0.49 4.50 -3.63 0.4 1.4 A 4.9 A A 
255 10.9 0.7 6.42 -3.54 0.4 1.9 A 6.7 A A 
256 12.2 0.9 7.38 7.96 0.9 2.4 A 7.6 A A 
258 10.2 0.69 6.76 -9.73 1.1 1.9 A 7.1 A A 
259 10.28 0.21 2.04 -9.03 1.0 0.8 N 2.9 A W 
261 12.5 1 8.00 10.62 1.2 2.6 A 8.2 A A 
264 10.2 0.46 4.51 -9.73 1.1 1.3 A 4.9 A A 
265 11.7 0.25 2.14 3.54 0.4 0.9 A 2.9 A A 
267 11.72 1.1 9.39 3.72 0.4 2.9 A 9.6 A A 
268 10.44 0.52 4.98 -7.61 0.9 1.5 A 5.4 A A 
269 11.7 1.7 14.53 3.54 0.4 4.4 A 14.7 N W 
270 9.35 0.65 6.95 -17.26 2.0 1.8 N 7.2 A N 
271 10.28 0.21 2.04 -9.03 1.0 0.8 N 2.9 A W 
272 11 0.26 2.36 -2.65 0.3 0.9 A 3.1 A A 
273 9.9 0.1 1.01 -12.39 1.4 0.6 N 2.2 A N 
274 10.6 0.8 7.55 -6.19 0.7 2.1 A 7.8 A A 
275 10.15 0.58 5.71 -10.18 1.2 1.6 A 6.1 A A 
276 10.7 1 9.35 -5.31 0.6 2.6 A 9.6 A A 
278 11 1.2 10.91 -2.65 0.3 3.2 A 11.1 N W 
279 9.98 0.22 2.20 -11.68 1.3 0.8 N 3.0 A N 
284 11.3 0.81 7.17 0.00 0.0 2.2 A 7.4 A A 
285 10.4 0.8 7.77 -8.85 1.0 2.1 A 8.0 A A 
288 11 0.3 2.73 -2.65 0.3 1.0 A 3.4 A A 
289 11.8 0.8 6.78 4.42 0.5 2.1 A 7.1 A A 
290 9.6 0.7 7.29 -15.04 1.7 1.9 A 7.6 A A 
292 10.4 0.7 6.73 -7.96 0.9 1.9 A 7.0 A A 
293 10.4 0.7 6.73 -7.96 0.9 1.9 A 7.0 A A 
294 11.4 0.3 2.63 0.88 0.1 1.0 A 3.3 A A 
295 11.14 0.45 4.04 -1.42 0.2 1.3 A 4.5 A A 
296 10.2 0.7 6.86 -9.73 1.1 1.9 A 7.1 A A 
297 11.4 1 8.77 0.88 0.1 2.6 A 9.0 A A 
298 11.03 0.283 2.57 -2.39 0.3 0.9 A 3.3 A A 
299 10.8 - 0.00 -4.42 0.5 0.6 A 2.0 A A 
300 10.3 0.8 7.77 -8.85 1.0 2.1 A 8.0 A A 

 

 

154



 

 

Performance evaluation of Co-57 measurement results 

Spiked water sample 03 

Target Value: 2.5 ± 0.05 [Bq/kg] 

  

 
 

 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 2.97 0.24 8.08 18.80 0.5 0.6 A 8.3 A A 
3 2.4 0.4 16.67 -4.00 0.1 1.0 A 16.8 N W 
4 2.04 0.31 15.20 -18.40 0.5 0.8 A 15.3 N N 
5 7.21 0.54 7.49 188.40 4.7 1.4 N 7.8 A N 
6 2.36 0.26 11.02 -5.60 0.1 0.7 A 11.2 N W 
7 2.07 0.2 9.66 -17.20 0.4 0.5 A 9.9 A A 
9 2.21 0.23 10.41 -11.60 0.3 0.6 A 10.6 N N 
11 2.9 0.4 13.79 16.00 0.4 1.0 A 13.9 N N 
12 3.5 0.9 25.71 40.00 1.0 2.3 A 25.8 N N 
13 1.69 0.08 4.73 -32.40 0.8 0.2 N 5.1 A N 
14 2.32 0.14 6.03 -7.20 0.2 0.4 A 6.4 A A 
16 2.32 0.07 3.02 -7.20 0.2 0.2 A 3.6 A A 
17 2.4 0.15 6.25 -4.00 0.1 0.4 A 6.6 A A 

W
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Laboratory code

Co-57 in Water sample 03
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
18 2.37 0.09 3.80 -5.20 0.1 0.3 A 4.3 A A 
19 2.347 0.074 3.15 -6.12 0.2 0.2 A 3.7 A A 
20 2.52 0.08 3.17 0.80 0.0 0.2 A 3.8 A A 
21 2.61 0.27 10.34 4.40 0.1 0.7 A 10.5 N W 
22 2.44 0.14 5.74 -2.40 0.1 0.4 A 6.1 A A 
23 2.43 0.06 2.47 -2.80 0.1 0.2 A 3.2 A A 
24 2.37 0.09 3.80 -5.20 0.1 0.3 A 4.3 A A 
25 3.18 0.28 8.81 27.20 0.7 0.7 A 9.0 A A 
27 3.012 0.6121 20.32 20.48 0.5 1.6 A 20.4 N N 
29 3.1 1.3 41.94 24.00 0.6 3.4 A 42.0 N N 
30 2 0.3 15.00 -20.00 0.5 0.8 A 15.1 N N 
31 2.4 0.6 25.00 -4.00 0.1 1.6 A 25.1 N W 
32 2.18 0.26 11.93 -12.80 0.3 0.7 A 12.1 N N 
34 2.4 0.08 3.33 -4.00 0.1 0.2 A 3.9 A A 
35 2.9 0.23 7.93 16.00 0.4 0.6 A 8.2 A A 
36 2.59 0.26 10.04 3.60 0.1 0.7 A 10.2 N W 
37 2.33 0.35 15.02 -6.80 0.2 0.9 A 15.2 N W 
38 3.1 0.0617 1.99 24.00 0.6 0.2 N 2.8 A N 
39 2.6 0.5 19.23 4.00 0.1 1.3 A 19.3 N W 
40 2.35 0.14 5.96 -6.00 0.2 0.4 A 6.3 A A 
41 2.3 0.2 8.70 -8.00 0.2 0.5 A 8.9 A A 
42 2.4 0.3 12.50 -4.00 0.1 0.8 A 12.7 N W 
44 2.17 0.77 35.48 -13.20 0.3 2.0 A 35.5 N N 
45 2.77 0.27 9.75 10.80 0.3 0.7 A 10.0 A A 
46 2.1 0.3 14.29 -16.00 0.4 0.8 A 14.4 N N 
47 2.49 0.18 7.23 -0.40 0.0 0.5 A 7.5 A A 
50 2.71 0.14 5.17 8.40 0.2 0.4 A 5.5 A A 
51 3.2 0.15 4.69 28.00 0.7 0.4 N 5.1 A N 
52 3.82 0.36 9.42 52.80 1.3 0.9 N 9.6 A N 
53 2.7 0.24 8.89 8.00 0.2 0.6 A 9.1 A A 
54 2.63 0.26 9.89 5.20 0.1 0.7 A 10.1 N W 
55 2.03 0.45 22.17 -18.80 0.5 1.2 A 22.3 N N 
56 2.4 0.2 8.33 -4.00 0.1 0.5 A 8.6 A A 
57 2.69 0.23 8.55 7.60 0.2 0.6 A 8.8 A A 
58 2.9 0.18 6.21 16.00 0.4 0.5 A 6.5 A A 
59 2.5 0.1 4.00 0.00 0.0 0.3 A 4.5 A A 
60 2.44 0.1 4.10 -2.40 0.1 0.3 A 4.6 A A 
61 2.54 0.3 11.81 1.60 0.0 0.8 A 12.0 N W 
62 2.61 0.1 3.83 4.40 0.1 0.3 A 4.3 A A 
63 2.57 0.21 8.17 2.80 0.1 0.6 A 8.4 A A 
64 2.32 0.264 11.38 -7.20 0.2 0.7 A 11.6 N W 
65 2.5 0.11 4.40 0.00 0.0 0.3 A 4.8 A A 
68 2.3 0.2 8.70 -8.00 0.2 0.5 A 8.9 A A 
70 3.2 1.2 37.50 28.00 0.7 3.1 A 37.6 N N 
71 2.53 0.12 4.74 1.20 0.0 0.3 A 5.1 A A 
72 2.47 0.1 4.05 -1.20 0.0 0.3 A 4.5 A A 
73 2.07 0.2 9.66 -17.20 0.4 0.5 A 9.9 A A 
75 4.4 0.2 4.55 76.00 1.9 0.5 N 5.0 A N 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
76 3.09 0.53 17.15 23.60 0.6 1.4 A 17.3 N N 
77 2.572 0.179 6.96 2.88 0.1 0.5 A 7.2 A A 
78 1.96 0.104 5.31 -21.60 0.5 0.3 N 5.7 A N 
79 4.1 0.5 12.20 64.00 1.6 1.3 N 12.4 N N 
80 2.8 0.3 10.71 12.00 0.3 0.8 A 10.9 N N 
81 2.57 0.79 30.74 2.80 0.1 2.0 A 30.8 N W 
82 3.5 0.11 3.14 40.00 1.0 0.3 N 3.7 A N 
83 3.35 0.41 12.24 34.00 0.9 1.1 A 12.4 N N 
84 2.9 0.4 13.79 16.00 0.4 1.0 A 13.9 N N 
86 1.6 0.7 43.75 -36.00 0.9 1.8 A 43.8 N N 
87 3 0.5 16.67 20.00 0.5 1.3 A 16.8 N N 
88 2.8 0.5 17.86 12.00 0.3 1.3 A 18.0 N N 
89 1.37 0.23 16.79 -45.20 1.1 0.6 N 16.9 N N 
91 3.4 0.9 26.47 36.00 0.9 2.3 A 26.5 N N 
92 1.56 0.1 6.41 -37.60 0.9 0.3 N 6.7 A N 
93 3.86 0.14 3.63 54.40 1.4 0.4 N 4.1 A N 
94 1.89 0.17 8.99 -24.40 0.6 0.5 N 9.2 A N 
95 2.41 0.17 7.05 -3.60 0.1 0.5 A 7.3 A A 
96 2.5 0.3 12.00 0.00 0.0 0.8 A 12.2 N W 
97 2.34 0.21 8.97 -6.40 0.2 0.6 A 9.2 A A 
98 2.52 0.4 15.87 0.80 0.0 1.0 A 16.0 N W 
99 2.48 0.07 2.82 -0.80 0.0 0.2 A 3.5 A A 

100 1.5 0.74 49.33 -40.00 1.0 1.9 A 49.4 N N 
101 2.79 0.28 10.04 11.60 0.3 0.7 A 10.2 N N 
105 4.28 0.4 9.35 71.20 1.8 1.0 N 9.6 A N 
107 2.55 1.06 41.57 2.00 0.0 2.7 A 41.6 N W 
109 2.92 0.49 16.78 16.80 0.4 1.3 A 16.9 N N 
110 3.94 0.296 7.51 57.60 1.4 0.8 N 7.8 A N 
111 2.24 0.31 13.84 -10.40 0.3 0.8 A 14.0 N N 
112 2.54 0.41 16.14 1.60 0.0 1.1 A 16.3 N W 
114 2.3 0.2 8.70 -8.00 0.2 0.5 A 8.9 A A 
118 2.42 0.22 9.09 -3.20 0.1 0.6 A 9.3 A A 
119 3.95 0.25 6.33 58.00 1.5 0.7 N 6.6 A N 
120 2.54 0.41 16.14 1.60 0.0 1.1 A 16.3 N W 
122 2.6 0.15 5.77 4.00 0.1 0.4 A 6.1 A A 
123 1.43 0.14 9.79 -42.80 1.1 0.4 N 10.0 A N 
124 2.249 0.24 10.67 -10.04 0.3 0.6 A 10.9 N N 
125 2.6 0.4 15.38 4.00 0.1 1.0 A 15.5 N W 
126 2.6 0.82 31.54 4.00 0.1 2.1 A 31.6 N W 
127 3.83 0.24 6.27 53.20 1.3 0.6 N 6.6 A N 
128 2.49 0.2 8.03 -0.40 0.0 0.5 A 8.3 A A 
130 2.73 0.16 5.86 9.20 0.2 0.4 A 6.2 A A 
131 2.77 0.19 6.86 10.80 0.3 0.5 A 7.1 A A 
132 2.539 0.11 4.33 1.56 0.0 0.3 A 4.8 A A 
133 2.35 0.2 8.51 -6.00 0.2 0.5 A 8.7 A A 
134 2.38 0.09 3.78 -4.80 0.1 0.3 A 4.3 A A 
136 3.333 0.197 5.91 33.32 0.8 0.5 N 6.2 A N 
138 2.62 0.78 29.77 4.80 0.1 2.0 A 29.8 N W 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
139 2.38 0.175 7.35 -4.80 0.1 0.5 A 7.6 A A 
140 2.5 0.19 7.60 0.00 0.0 0.5 A 7.9 A A 
141 3.97 0.44 11.08 58.80 1.5 1.1 N 11.3 N N 
142 2.31 0.0036 0.16 -7.60 0.2 0.1 N 2.0 A W 
146 1.55 0.3 19.35 -38.00 1.0 0.8 N 19.5 N N 
150 0.97 0.09 9.28 -61.20 1.5 0.3 N 9.5 A N 
151 1.93 0.28 14.51 -22.80 0.6 0.7 A 14.6 N N 
152 2 0.3 15.00 -20.00 0.5 0.8 A 15.1 N N 
153 2.822 0.399 14.14 12.88 0.3 1.0 A 14.3 N N 
154 1.8 0.2 11.11 -28.00 0.7 0.5 N 11.3 N N 
157 2.6 0.4 15.38 4.00 0.1 1.0 A 15.5 N W 
158 2.65 0.17 6.42 6.00 0.2 0.5 A 6.7 A A 
159 2.52 0.09 3.57 0.80 0.0 0.3 A 4.1 A A 
160 3.33 0.27 8.11 33.20 0.8 0.7 N 8.4 A N 
161 3.13 0.24 7.67 25.20 0.6 0.6 A 7.9 A A 
162 2.42 0.23 9.50 -3.20 0.1 0.6 A 9.7 A A 
163 2.84 0.44 15.49 13.60 0.3 1.1 A 15.6 N N 
164 2.45 0.42 17.14 -2.00 0.0 1.1 A 17.3 N W 
165 2.59 0.14 5.41 3.60 0.1 0.4 A 5.8 A A 
166 2.41 0.53 21.99 -3.60 0.1 1.4 A 22.1 N W 
167 1.28 0.14 10.94 -48.80 1.2 0.4 N 11.1 N N 
168 2.41 0.09 3.73 -3.60 0.1 0.3 A 4.2 A A 
169 2.54 0.11 4.33 1.60 0.0 0.3 A 4.8 A A 
170 2.3 0.2 8.70 -8.00 0.2 0.5 A 8.9 A A 
171 2.42 0.16 6.61 -3.20 0.1 0.4 A 6.9 A A 
173 2.34 0.11 4.70 -6.40 0.2 0.3 A 5.1 A A 
174 2.52 0.13 5.16 0.80 0.0 0.4 A 5.5 A A 
175 2.42 0.16 6.61 -3.20 0.1 0.4 A 6.9 A A 
176 2.07 0.07 3.38 -17.20 0.4 0.2 N 3.9 A N 
177 2.26 0.2 8.85 -9.60 0.2 0.5 A 9.1 A A 
178 2.4 0.142 5.92 -4.00 0.1 0.4 A 6.2 A A 
179 2.56 0.22 8.59 2.40 0.1 0.6 A 8.8 A A 
181 2.48 0.14 5.65 -0.80 0.0 0.4 A 6.0 A A 
183 3.27 0.25 7.65 30.80 0.8 0.7 N 7.9 A N 
184 1.83 0.1 5.46 -26.80 0.7 0.3 N 5.8 A N 
185 2.21 0.18 8.14 -11.60 0.3 0.5 A 8.4 A A 
186 2.54 0.12 4.72 1.60 0.0 0.3 A 5.1 A A 
187 1.9 0.5 26.32 -24.00 0.6 1.3 A 26.4 N N 
188 3 0.3 10.00 20.00 0.5 0.8 A 10.2 N N 
190 2.21 0.6 27.15 -11.60 0.3 1.6 A 27.2 N N 
191 2.12 0.24 11.32 -15.20 0.4 0.6 A 11.5 N N 
192 3.7 0.3 8.11 48.00 1.2 0.8 N 8.4 A N 
193 3.7 0.2 5.41 48.00 1.2 0.5 N 5.8 A N 
194 3.5 0.2 5.71 40.00 1.0 0.5 N 6.1 A N 
195 2.56 0.45 17.58 2.40 0.1 1.2 A 17.7 N W 
197 4.83 0.04 0.83 93.20 2.3 0.2 N 2.2 A N 
199 2.3 0.4 17.39 -8.00 0.2 1.0 A 17.5 N W 
200 2.5 0.14 5.60 0.00 0.0 0.4 A 5.9 A A 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
201 2.24 0.11 4.91 -10.40 0.3 0.3 A 5.3 A A 
202 4.597 0.213 4.63 83.88 2.1 0.6 N 5.0 A N 
207 3.62 0.69 19.06 44.80 1.1 1.8 A 19.2 N N 
208 2.9 1 34.48 16.00 0.4 2.6 A 34.5 N N 
209 2.51 0.14 5.58 0.40 0.0 0.4 A 5.9 A A 
210 2.4 0.06 2.50 -4.00 0.1 0.2 A 3.2 A A 
211 2.7 0.14 5.19 8.00 0.2 0.4 A 5.6 A A 
212 2.53 0.17 6.72 1.20 0.0 0.5 A 7.0 A A 
213 2.14 0.25 11.68 -14.40 0.4 0.7 A 11.9 N N 
214 2.69 0.09 3.35 7.60 0.2 0.3 A 3.9 A A 
215 2.44 0.17 6.97 -2.40 0.1 0.5 A 7.2 A A 
217 2.8 0.13 4.64 12.00 0.3 0.4 A 5.1 A A 
218 2.384 0.123 5.16 -4.64 0.1 0.3 A 5.5 A A 
219 2.48 0.11 4.44 -0.80 0.0 0.3 A 4.9 A A 
220 2.15 0.2 9.30 -14.00 0.4 0.5 A 9.5 A A 
221 2.9 0.3 10.34 16.00 0.4 0.8 A 10.5 N N 
223 1.53 0.27 17.65 -38.80 1.0 0.7 N 17.8 N N 
224 1.7 0.28 16.47 -32.00 0.8 0.7 N 16.6 N N 
226 60.8 6.6 10.86 2332.00 58.3 17.0 N 11.0 N N 
227 2.2 0.17 7.73 -12.00 0.3 0.5 A 8.0 A A 
232 3.84 0.08 2.08 53.60 1.3 0.2 N 2.9 A N 
233 2.35 0.22 9.36 -6.00 0.2 0.6 A 9.6 A A 
235 3.27 0.49 14.98 30.80 0.8 1.3 A 15.1 N N 
236 2.34 0.56 23.93 -6.40 0.2 1.5 A 24.0 N W 
237 2.1 0.6 28.57 -16.00 0.4 1.6 A 28.6 N N 
238 2.5 0.1 4.00 0.00 0.0 0.3 A 4.5 A A 
239 2.31 0.09 3.90 -7.60 0.2 0.3 A 4.4 A A 
240 2.3 0.6 26.09 -8.00 0.2 1.6 A 26.2 N W 
242 2.52 0.12 4.76 0.80 0.0 0.3 A 5.2 A A 
243 2.61 0.1813 6.95 4.40 0.1 0.5 A 7.2 A A 
244 1.91 0.118 6.18 -23.60 0.6 0.3 N 6.5 A N 
245 2.23 0.1 4.48 -10.80 0.3 0.3 A 4.9 A A 
246 3.96 0.13 3.28 58.40 1.5 0.4 N 3.8 A N 
249 2.82 0.2 7.09 12.80 0.3 0.5 A 7.4 A A 
250 3.06 0.3 9.80 22.40 0.6 0.8 A 10.0 N N 
251 2.35 0.25 10.64 -6.00 0.2 0.7 A 10.8 N W 
252 2 0.2 10.00 -20.00 0.5 0.5 A 10.2 N N 
253 2 0.2 10.00 -20.00 0.5 0.5 A 10.2 N N 
254 2.57 0.23 8.95 2.80 0.1 0.6 A 9.2 A A 
255 4.27 0.4 9.37 70.80 1.8 1.0 N 9.6 A N 
256 2.25 0.22 9.78 -10.00 0.3 0.6 A 10.0 A A 
257 2.42 0.18 7.44 -3.20 0.1 0.5 A 7.7 A A 
258 2.52 0.28 11.11 0.80 0.0 0.7 A 11.3 N W 
259 1.94 0.46 23.71 -22.40 0.6 1.2 A 23.8 N N 
260 3.03 0.46 15.18 21.20 0.5 1.2 A 15.3 N N 
261 2.5 0.3 12.00 0.00 0.0 0.8 A 12.2 N W 
263 2.7 0.99 36.67 8.00 0.2 2.6 A 36.7 N W 
264 10.7 0.343 3.21 328.00 8.2 0.9 N 3.8 A N 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
265 3.726 0.062 1.66 49.04 1.2 0.2 N 2.6 A N 
267 1.23 0.36 29.27 -50.80 1.3 0.9 N 29.3 N N 
268 2.66 0.46 17.29 6.40 0.2 1.2 A 17.4 N W 
269 3 0.7 23.33 20.00 0.5 1.8 A 23.4 N N 
270 3.81 0.2 5.25 52.40 1.3 0.5 N 5.6 A N 
271 2.21 0.13 5.88 -11.60 0.3 0.4 A 6.2 A A 
272 3.83 0.14 3.66 53.20 1.3 0.4 N 4.2 A N 
273 6.1 0.6 9.84 144.00 3.6 1.6 N 10.0 N N 
274 2.61 0.31 11.88 4.40 0.1 0.8 A 12.0 N W 
275 2.63 0.18 6.84 5.20 0.1 0.5 A 7.1 A A 
276 2.7 1.5 55.56 8.00 0.2 3.9 A 55.6 N W 
277 0.052 0.002 3.85 -97.92 2.4 0.1 N 4.3 A N 
278 3.81 0.36 9.45 52.40 1.3 0.9 N 9.7 A N 
279 2.42 0.11 4.55 -3.20 0.1 0.3 A 5.0 A A 
286 112.86 1.91 1.69 4414.40 110.4 4.9 N 2.6 A N 
288 2.7 0.2 7.41 8.00 0.2 0.5 A 7.7 A A 
289 2.04 0.2 9.80 -18.40 0.5 0.5 A 10.0 N N 
290 2.6 0.3 11.54 4.00 0.1 0.8 A 11.7 N W 
292 2.4 0.2 8.33 -4.00 0.1 0.5 A 8.6 A A 
293 2.4 0.2 8.33 -4.00 0.1 0.5 A 8.6 A A 
294 2.99 0.17 5.69 19.60 0.5 0.5 N 6.0 A N 
295 2.3 0.3 13.04 -8.00 0.2 0.8 A 13.2 N W 
296 3.7 0.6 16.22 48.00 1.2 1.6 A 16.3 N N 
298 2.69 0.2 7.43 7.60 0.2 0.5 A 7.7 A A 
299 3.66 0.65 17.76 46.40 1.2 1.7 A 17.9 N N 
300 2.41 0.19 7.88 -3.60 0.1 0.5 A 8.1 A A 
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Performance evaluation of Co-60 measurement results 

Spiked water sample 03 

Target Value: 2.1 ± 0.04 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 1.81 0.27 14.92 -13.81 0.3 0.7 A 15.1 N N 
2 1.79 0.1 5.59 -14.76 0.3 0.3 N 5.9 A N 
3 2.2 0.3 13.64 4.76 0.1 0.8 A 13.8 N W 
4 2.18 0.06 2.75 3.81 0.1 0.2 A 3.4 A A 
5 5.82 0.31 5.33 177.14 3.7 0.8 N 5.7 A N 
6 1.99 0.12 6.03 -5.24 0.1 0.3 A 6.4 A A 
7 1.9 0.07 3.68 -9.52 0.2 0.2 A 4.2 A A 
9 1.96 0.15 7.65 -6.67 0.1 0.4 A 7.9 A A 
11 2.1 0.1 4.76 0.00 0.0 0.3 A 5.2 A A 
12 2.6 0.2 7.69 23.81 0.5 0.5 A 7.9 A A 
13 1.81 0.07 3.87 -13.81 0.3 0.2 N 4.4 A N 
14 2.03 0.16 7.88 -3.33 0.1 0.4 A 8.1 A A 
16 2.06 0.04 1.94 -1.90 0.0 0.1 A 2.8 A A 
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Laboratory code

Co-60 Water sample 03
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
17 2.13 0.12 5.63 1.43 0.0 0.3 A 6.0 A A 
18 2.04 0.06 2.94 -2.86 0.1 0.2 A 3.6 A A 
19 2 0.035 1.75 -4.76 0.1 0.1 A 2.7 A A 
20 2.06 0.06 2.91 -1.90 0.0 0.2 A 3.5 A A 
21 2.06 0.22 10.68 -1.90 0.0 0.6 A 10.9 N W 
22 2.02 0.04 1.98 -3.81 0.1 0.1 A 2.8 A A 
23 2.06 0.06 2.91 -1.90 0.0 0.2 A 3.5 A A 
24 2.08 0.08 3.85 -0.95 0.0 0.2 A 4.3 A A 
25 4.53 1.18 26.05 115.71 2.4 3.0 A 26.1 N N 
26 1.88 0.16 8.51 -10.48 0.2 0.4 A 8.7 A A 
27 1.954 0.3588 18.36 -6.95 0.1 0.9 A 18.5 N W 
30 1.4 0.2 14.29 -33.33 0.7 0.5 N 14.4 N N 
31 2.4 0.3 12.50 14.29 0.3 0.8 A 12.7 N N 
32 2.26 0.16 7.08 7.62 0.2 0.4 A 7.4 A A 
33 2.06 0.2 9.71 -1.90 0.0 0.5 A 9.9 A A 
34 2.14 0.27 12.62 1.90 0.0 0.7 A 12.8 N W 
35 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
36 2.19 0.08 3.65 4.29 0.1 0.2 A 4.2 A A 
37 1.89 0.14 7.41 -10.00 0.2 0.4 A 7.7 A A 
39 2.1 0.1 4.76 0.00 0.0 0.3 A 5.2 A A 
40 1.98 0.12 6.06 -5.71 0.1 0.3 A 6.4 A A 
41 1.9 0.2 10.53 -9.52 0.2 0.5 A 10.7 N W 
42 2.1 0.2 9.52 0.00 0.0 0.5 A 9.7 A A 
43 1.28 0.09 7.03 -39.05 0.8 0.3 N 7.3 A N 
44 1.95 0.16 8.21 -7.14 0.2 0.4 A 8.4 A A 
45 2.1 0.09 4.29 0.00 0.0 0.3 A 4.7 A A 
46 2 0.14 7.00 -4.76 0.1 0.4 A 7.3 A A 
47 2.24 0.15 6.70 6.67 0.1 0.4 A 7.0 A A 
50 2.02 0.2 9.90 -3.81 0.1 0.5 A 10.1 N W 
51 1.96 0.09 4.59 -6.67 0.1 0.3 A 5.0 A A 
52 1.77 0.09 5.08 -15.71 0.3 0.3 N 5.5 A N 
53 2.03 0.11 5.42 -3.33 0.1 0.3 A 5.8 A A 
54 2.08 0.17 8.17 -0.95 0.0 0.5 A 8.4 A A 
55 2.15 0.97 45.12 2.38 0.0 2.5 A 45.2 N W 
56 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
57 1.87 0.15 8.02 -10.95 0.2 0.4 A 8.3 A A 
58 2.05 0.1 4.88 -2.38 0.1 0.3 A 5.3 A A 
59 2.16 0.05 2.31 2.86 0.1 0.2 A 3.1 A A 
60 2.19 0.07 3.20 4.29 0.1 0.2 A 3.8 A A 
61 2.15 0.06 2.79 2.38 0.0 0.2 A 3.4 A A 
62 2 0.08 4.00 -4.76 0.1 0.2 A 4.5 A A 
63 2.05 0.07 3.41 -2.38 0.1 0.2 A 4.0 A A 
64 2.11 0.167 7.91 0.48 0.0 0.4 A 8.2 A A 
65 2.1 0.07 3.33 0.00 0.0 0.2 A 3.9 A A 
68 1.97 0.12 6.09 -6.19 0.1 0.3 A 6.4 A A 
70 2.26 0.28 12.39 7.62 0.2 0.7 A 12.5 N W 
71 2.35 0.45 19.15 11.90 0.3 1.2 A 19.3 N N 
72 1.97 0.05 2.54 -6.19 0.1 0.2 A 3.2 A A 
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Score 
73 1.93 0.12 6.22 -8.10 0.2 0.3 A 6.5 A A 
74 0.8 0.3 37.50 -61.90 1.3 0.8 N 37.6 N N 
75 2.4 0.1 4.17 14.29 0.3 0.3 N 4.6 A N 
76 2.21 0.09 4.07 5.24 0.1 0.3 A 4.5 A A 
77 2.004 0.068 3.39 -4.57 0.1 0.2 A 3.9 A A 
78 1.86 0.0766 4.12 -11.43 0.2 0.2 N 4.6 A N 
79 2.9 0.6 20.69 38.10 0.8 1.6 A 20.8 N N 
80 1.9 0.4 21.05 -9.52 0.2 1.0 A 21.1 N W 
81 2.02 0.15 7.43 -3.81 0.1 0.4 A 7.7 A A 
82 2.01 0.2 9.95 -4.29 0.1 0.5 A 10.1 N W 
83 2.05 0.12 5.85 -2.38 0.1 0.3 A 6.2 A A 
84 2.2 0.2 9.09 4.76 0.1 0.5 A 9.3 A A 
86 1.6 0.3 18.75 -23.81 0.5 0.8 A 18.9 N N 
87 2.06 0.09 4.37 -1.90 0.0 0.3 A 4.8 A A 
88 2.1 0.3 14.29 0.00 0.0 0.8 A 14.4 N W 
89 2.22 0.08 3.60 5.71 0.1 0.2 A 4.1 A A 
90 1.95 0.1 5.13 -7.14 0.2 0.3 A 5.5 A A 
91 2.2 0.2 9.09 4.76 0.1 0.5 A 9.3 A A 
92 1.92 0.11 5.73 -8.57 0.2 0.3 A 6.1 A A 
93 1.87 0.1 5.35 -10.95 0.2 0.3 A 5.7 A A 
94 1.94 0.33 17.01 -7.62 0.2 0.9 A 17.1 N W 
95 2.07 0.17 8.21 -1.43 0.0 0.5 A 8.5 A A 
96 2.1 0.2 9.52 0.00 0.0 0.5 A 9.7 A A 
97 1.73 0.11 6.36 -17.62 0.4 0.3 N 6.7 A N 
98 1.86 0.16 8.60 -11.43 0.2 0.4 A 8.8 A A 
99 2.03 0.05 2.46 -3.33 0.1 0.2 A 3.2 A A 

100 2.31 0.58 25.11 10.00 0.2 1.5 A 25.2 N W 
101 2.08 0.12 5.77 -0.95 0.0 0.3 A 6.1 A A 
105 2.39 0.34 14.23 13.81 0.3 0.9 A 14.4 N N 
106 1.91 0.28 14.66 -9.05 0.2 0.7 A 14.8 N W 
107 1.76 0.47 26.70 -16.19 0.3 1.2 A 26.8 N N 
109 2.1 0.27 12.86 0.00 0.0 0.7 A 13.0 N W 
110 2.25 0.17 7.56 7.14 0.2 0.5 A 7.8 A A 
111 1.97 0.17 8.63 -6.19 0.1 0.5 A 8.9 A A 
112 2.11 0.13 6.16 0.48 0.0 0.4 A 6.5 A A 
114 1.9 0.2 10.53 -9.52 0.2 0.5 A 10.7 N W 
115 2.3 0.3 13.04 9.52 0.2 0.8 A 13.2 N W 
118 2.18 0.24 11.01 3.81 0.1 0.6 A 11.2 N W 
119 2.24 0.18 8.04 6.67 0.1 0.5 A 8.3 A A 
120 2.11 0.13 6.16 0.48 0.0 0.4 A 6.5 A A 
121 2.34 0.33 14.10 11.43 0.2 0.9 A 14.2 N N 
122 2.1 0.1 4.76 0.00 0.0 0.3 A 5.2 A A 
123 1.77 0.11 6.21 -15.71 0.3 0.3 N 6.5 A N 
124 1.904 0.128 6.72 -9.33 0.2 0.3 A 7.0 A A 
125 2.2 0.3 13.64 4.76 0.1 0.8 A 13.8 N W 
126 1.95 0.17 8.72 -7.14 0.2 0.5 A 8.9 A A 
127 2.4 0.24 10.00 14.29 0.3 0.6 A 10.2 N N 
128 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
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Score 
130 2.01 0.12 5.97 -4.29 0.1 0.3 A 6.3 A A 
131 1.81 0.11 6.08 -13.81 0.3 0.3 A 6.4 A A 
132 2.084 0.099 4.75 -0.76 0.0 0.3 A 5.2 A A 
133 2.04 0.1 4.90 -2.86 0.1 0.3 A 5.3 A A 
134 1.88 0.06 3.19 -10.48 0.2 0.2 N 3.8 A N 
136 2.393 0.145 6.06 13.95 0.3 0.4 A 6.4 A A 
137 3.04 0.26 8.55 44.76 0.9 0.7 N 8.8 A N 
138 1.9 0.18 9.47 -9.52 0.2 0.5 A 9.7 A A 
139 1.93 0.108 5.60 -8.10 0.2 0.3 A 5.9 A A 
140 2.3 0.08 3.48 9.52 0.2 0.2 A 4.0 A A 
141 2.3 0.3 13.04 9.52 0.2 0.8 A 13.2 N W 
142 1.47 0.0016 0.11 -30.00 0.6 0.1 N 2.0 A N 
143 1.67 0.28 16.77 -20.48 0.4 0.7 A 16.9 N N 
144 1.94 0.42 21.65 -7.62 0.2 1.1 A 21.7 N W 
145 1.48 0.25 16.89 -29.52 0.6 0.7 A 17.0 N N 
146 1.29 0.2 15.50 -38.57 0.8 0.5 N 15.6 N N 
150 1.09 0.08 7.34 -48.10 1.0 0.2 N 7.6 A N 
151 1.05 0.07 6.67 -50.00 1.1 0.2 N 7.0 A N 
152 1 0.05 5.00 -52.38 1.1 0.2 N 5.4 A N 
153 2.255 0.171 7.58 7.38 0.2 0.5 A 7.8 A A 
154 2.2 0.2 9.09 4.76 0.1 0.5 A 9.3 A A 
157 2.1 0.1 4.76 0.00 0.0 0.3 A 5.2 A A 
158 2.34 0.15 6.41 11.43 0.2 0.4 A 6.7 A A 
159 1.98 0.08 4.04 -5.71 0.1 0.2 A 4.5 A A 
160 2.27 0.63 27.75 8.10 0.2 1.6 A 27.8 N W 
161 2.12 0.16 7.55 0.95 0.0 0.4 A 7.8 A A 
162 1.93 0.14 7.25 -8.10 0.2 0.4 A 7.5 A A 
163 2.14 0.14 6.54 1.90 0.0 0.4 A 6.8 A A 
164 1.98 0.12 6.06 -5.71 0.1 0.3 A 6.4 A A 
165 1.97 0.09 4.57 -6.19 0.1 0.3 A 5.0 A A 
166 2.42 0.19 7.85 15.24 0.3 0.5 A 8.1 A A 
167 2.21 0.28 12.67 5.24 0.1 0.7 A 12.8 N W 
168 1.84 0.07 3.80 -12.38 0.3 0.2 N 4.3 A N 
169 1.97 0.09 4.57 -6.19 0.1 0.3 A 5.0 A A 
170 2.1 0.2 9.52 0.00 0.0 0.5 A 9.7 A A 
171 2.3 0.12 5.22 9.52 0.2 0.3 A 5.6 A A 
172 2 0.3 15.00 -4.76 0.1 0.8 A 15.1 N W 
173 1.96 0.06 3.06 -6.67 0.1 0.2 A 3.7 A A 
174 2.28 0.13 5.70 8.57 0.2 0.4 A 6.0 A A 
175 2.02 0.12 5.94 -3.81 0.1 0.3 A 6.3 A A 
176 2.19 0.06 2.74 4.29 0.1 0.2 A 3.4 A A 
177 2.16 0.05 2.31 2.86 0.1 0.2 A 3.1 A A 
178 2.23 0.1 4.48 6.19 0.1 0.3 A 4.9 A A 
179 1.83 0.06 3.28 -12.86 0.3 0.2 N 3.8 A N 
181 2.01 0.05 2.49 -4.29 0.1 0.2 A 3.2 A A 
182 2.31 0.26 11.26 10.00 0.2 0.7 A 11.4 N W 
183 1.93 0.1 5.18 -8.10 0.2 0.3 A 5.6 A A 
184 2.01 0.13 6.47 -4.29 0.1 0.4 A 6.8 A A 
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Score 
185 1.88 0.11 5.85 -10.48 0.2 0.3 A 6.2 A A 
186 2.04 0.1 4.90 -2.86 0.1 0.3 A 5.3 A A 
187 1.9 0.2 10.53 -9.52 0.2 0.5 A 10.7 N W 
188 1.75 0.09 5.14 -16.67 0.4 0.3 N 5.5 A N 
190 1.89 0.33 17.46 -10.00 0.2 0.9 A 17.6 N W 
191 1.83 0.09 4.92 -12.86 0.3 0.3 N 5.3 A N 
192 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
193 1.9 0.1 5.26 -9.52 0.2 0.3 A 5.6 A A 
194 2.1 0.2 9.52 0.00 0.0 0.5 A 9.7 A A 
195 2.21 0.1 4.52 5.24 0.1 0.3 A 4.9 A A 
197 3.86 0.12 3.11 83.81 1.8 0.3 N 3.7 A N 
199 2.1 0.3 14.29 0.00 0.0 0.8 A 14.4 N W 
200 2.09 0.13 6.22 -0.48 0.0 0.4 A 6.5 A A 
201 2.09 0.86 41.15 -0.48 0.0 2.2 A 41.2 N W 
202 2.18 0.171 7.84 3.81 0.1 0.5 A 8.1 A A 
204 7 2 28.57 233.33 4.9 5.2 A 28.6 N N 
207 2.37 0.21 8.86 12.86 0.3 0.6 A 9.1 A A 
208 2.1 0.5 23.81 0.00 0.0 1.3 A 23.9 N W 
209 3.35 0.28 8.36 59.52 1.3 0.7 N 8.6 A N 
210 2.1 0.06 2.86 0.00 0.0 0.2 A 3.5 A A 
211 2 0.06 3.00 -4.76 0.1 0.2 A 3.6 A A 
212 2.15 0.08 3.72 2.38 0.0 0.2 A 4.2 A A 
213 2.09 0.07 3.35 -0.48 0.0 0.2 A 3.9 A A 
214 2.11 0.07 3.32 0.48 0.0 0.2 A 3.9 A A 
215 1.9 0.11 5.79 -9.52 0.2 0.3 A 6.1 A A 
216 1.87 0.17 9.09 -10.95 0.2 0.5 A 9.3 A A 
217 1.92 0.11 5.73 -8.57 0.2 0.3 A 6.1 A A 
218 1.942 0.106 5.46 -7.52 0.2 0.3 A 5.8 A A 
219 1.75 0.06 3.43 -16.67 0.4 0.2 N 4.0 A N 
220 2.24 0.21 9.38 6.67 0.1 0.6 A 9.6 A A 
221 2.2 0.2 9.09 4.76 0.1 0.5 A 9.3 A A 
223 1.88 0.22 11.70 -10.48 0.2 0.6 A 11.9 N N 
224 1.93 0.4 20.73 -8.10 0.2 1.0 A 20.8 N W 
226 2.1 0.5 23.81 0.00 0.0 1.3 A 23.9 N W 
227 1.9 0.1 5.26 -9.52 0.2 0.3 A 5.6 A A 
232 1.83 0.06 3.28 -12.86 0.3 0.2 N 3.8 A N 
233 1.83 0.16 8.74 -12.86 0.3 0.4 A 9.0 A A 
235 2.5 0.65 26.00 19.05 0.4 1.7 A 26.1 N N 
236 2.32 0.31 13.36 10.48 0.2 0.8 A 13.5 N N 
237 2 0.2 10.00 -4.76 0.1 0.5 A 10.2 N W 
238 1.99 0.06 3.02 -5.24 0.1 0.2 A 3.6 A A 
239 1.74 0.08 4.60 -17.14 0.4 0.2 N 5.0 A N 
240 1.6 0.2 12.50 -23.81 0.5 0.5 A 12.7 N N 
241 2 0.2 10.00 -4.76 0.1 0.5 A 10.2 N W 
242 2.21 0.09 4.07 5.24 0.1 0.3 A 4.5 A A 
243 2.089 0.131 6.27 -0.52 0.0 0.4 A 6.6 A A 
244 1.97 0.089 4.52 -6.19 0.1 0.3 A 4.9 A A 
245 2.09 0.07 3.35 -0.48 0.0 0.2 A 3.9 A A 
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Score 
246 1.13 0.17 15.04 -46.19 1.0 0.5 N 15.2 N N 
249 1.7 0.09 5.29 -19.05 0.4 0.3 N 5.7 A N 
250 1.81 0.12 6.63 -13.81 0.3 0.3 A 6.9 A A 
251 2.01 0.17 8.46 -4.29 0.1 0.5 A 8.7 A A 
252 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
253 2.7 0.2 7.41 28.57 0.6 0.5 N 7.7 A N 
254 1.46 0.08 5.48 -30.48 0.6 0.2 N 5.8 A N 
255 1.87 0.09 4.81 -10.95 0.2 0.3 A 5.2 A A 
256 2.02 0.21 10.40 -3.81 0.1 0.6 A 10.6 N W 
257 1.94 0.25 12.89 -7.62 0.2 0.7 A 13.0 N W 
258 2.1 0.13 6.19 0.00 0.0 0.4 A 6.5 A A 
259 1.87 0.05 2.67 -10.95 0.2 0.2 N 3.3 A N 
260 2.32 0.11 4.74 10.48 0.2 0.3 A 5.1 A A 
261 2.8 0.2 7.14 33.33 0.7 0.5 N 7.4 A N 
263 1.8 0.2 11.11 -14.29 0.3 0.5 A 11.3 N N 
264 5.97 0.261 4.37 184.29 3.9 0.7 N 4.8 A N 
265 2.03 0.037 1.82 -3.33 0.1 0.1 A 2.7 A A 
267 2.14 0.17 7.94 1.90 0.0 0.5 A 8.2 A A 
268 2.01 0.14 6.97 -4.29 0.1 0.4 A 7.2 A A 
269 2 0.3 15.00 -4.76 0.1 0.8 A 15.1 N W 
270 2.32 0.2 8.62 10.48 0.2 0.5 A 8.8 A A 
271 1.91 0.07 3.66 -9.05 0.2 0.2 A 4.2 A A 
272 1.97 0.12 6.09 -6.19 0.1 0.3 A 6.4 A A 
273 0.4  0.00 -80.95 1.7 0.1 N 2.0 A N 
274 1.93 0.09 4.66 -8.10 0.2 0.3 A 5.1 A A 
275 2.39 0.12 5.02 13.81 0.3 0.3 A 5.4 A A 
276 1.9 0.3 15.79 -9.52 0.2 0.8 A 15.9 N W 
277 0.047 0.001 2.13 -97.76 2.1 0.1 N 2.9 A N 
278 1.93 0.35 18.13 -8.10 0.2 0.9 A 18.2 N W 
279 1.96 0.08 4.08 -6.67 0.1 0.2 A 4.5 A A 
283 1.61 0.17 10.56 -23.33 0.5 0.5 N 10.7 N N 
284 2.23 0.18 8.07 6.19 0.1 0.5 A 8.3 A A 
285 2.21 0.17 7.69 5.24 0.1 0.5 A 7.9 A A 
286 111.03 4.74 4.27 5187.14 108.9 12.2 N 4.7 A N 
288 2.3 0.1 4.35 9.52 0.2 0.3 A 4.8 A A 
289 2.07 0.09 4.35 -1.43 0.0 0.3 A 4.8 A A 
290 1.9 0.2 10.53 -9.52 0.2 0.5 A 10.7 N W 
292 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
293 2 0.1 5.00 -4.76 0.1 0.3 A 5.4 A A 
294 2.22 0.09 4.05 5.71 0.1 0.3 A 4.5 A A 
295 2.06 0.12 5.83 -1.90 0.0 0.3 A 6.2 A A 
296 2.7 0.2 7.41 28.57 0.6 0.5 N 7.7 A N 
297 0.769 0.352 45.77 -63.38 1.3 0.9 N 45.8 N N 
298 2.256 0.089 3.95 7.43 0.2 0.3 A 4.4 A A 
300 1.85 0.15 8.11 -11.90 0.3 0.4 A 8.4 A A 
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Performance evaluation of Cs-134 measurement results 

Spiked water sample 03 

Target Value: 4.6 ± 0.1 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 4.53 0.48 10.60 -1.52 0.1 1.3 A 10.8 N W 
2 4.73 0.13 2.75 2.83 0.1 0.4 A 3.5 A A 
3 4.4 0.7 15.91 -4.35 0.2 1.8 A 16.1 N W 
4 4.78 0.18 3.77 3.91 0.2 0.5 A 4.3 A A 
5 12.67 0.5 3.95 175.43 8.1 1.3 N 4.5 A N 
6 4.27 0.2 4.68 -7.17 0.3 0.6 A 5.2 A A 
7 4.62 0.16 3.46 0.43 0.0 0.5 A 4.1 A A 
9 3.98 0.21 5.28 -13.48 0.6 0.6 N 5.7 A N 
11 4.2 0.2 4.76 -8.70 0.4 0.6 A 5.2 A A 
12 4.6 0.2 4.35 0.00 0.0 0.6 A 4.9 A A 
13 2.9 0.12 4.14 -36.96 1.7 0.4 N 4.7 A N 
14 4.07 0.29 7.13 -11.52 0.5 0.8 A 7.4 A A 
15 1.14 0.44 38.60 -75.22 3.5 1.2 N 38.7 N N 
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Score 
16 5.14 0.16 3.11 11.74 0.5 0.5 N 3.8 A N 
17 4.16 0.21 5.05 -9.57 0.4 0.6 A 5.5 A A 
18 4.64 0.12 2.59 0.87 0.0 0.4 A 3.4 A A 
19 4.131 0.04 0.97 -10.20 0.5 0.3 N 2.4 A N 
20 4.67 0.12 2.57 1.52 0.1 0.4 A 3.4 A A 
21 4.12 0.51 12.38 -10.43 0.5 1.3 A 12.6 N N 
22 4.48 0.05 1.12 -2.61 0.1 0.3 A 2.4 A A 
23 4.6 0.4 8.70 0.00 0.0 1.1 A 9.0 A A 
24 4.34 0.13 3.00 -5.65 0.3 0.4 A 3.7 A A 
25 5.01 0.7 13.97 8.91 0.4 1.8 A 14.1 N W 
26 3.97 0.31 7.81 -13.70 0.6 0.8 A 8.1 A A 
27 4.047 0.3903 9.64 -12.02 0.6 1.0 A 9.9 A A 
29 4.3 0.2 4.65 -6.52 0.3 0.6 A 5.1 A A 
30 4 0.3 7.50 -13.04 0.6 0.8 A 7.8 A A 
31 3.5 0.4 11.43 -23.91 1.1 1.1 N 11.6 N N 
32 4.39 0.21 4.78 -4.57 0.2 0.6 A 5.3 A A 
33 4.84 0.39 8.06 5.22 0.2 1.0 A 8.3 A A 
34 4.08 0.16 3.92 -11.30 0.5 0.5 N 4.5 A N 
35 6.1 0.54 8.85 32.61 1.5 1.4 N 9.1 A N 
36 4.37 0.12 2.75 -5.00 0.2 0.4 A 3.5 A A 
37 4.62 0.23 4.98 0.43 0.0 0.6 A 5.4 A A 
38 4.6 0.0015 0.03 0.00 0.0 0.3 A 2.2 A A 
39 4.4 0.2 4.55 -4.35 0.2 0.6 A 5.0 A A 
40 4.77 0.29 6.08 3.70 0.2 0.8 A 6.5 A A 
41 4.5 0.1 2.22 -2.17 0.1 0.4 A 3.1 A A 
42 4.6 0.4 8.70 0.00 0.0 1.1 A 9.0 A A 
43 2.55 0.14 5.49 -44.57 2.1 0.4 N 5.9 A N 
44 4.2 0.22 5.24 -8.70 0.4 0.6 A 5.7 A A 
45 4.37 0.18 4.12 -5.00 0.2 0.5 A 4.7 A A 
46 4.2 0.2 4.76 -8.70 0.4 0.6 A 5.2 A A 
47 4.47 0.17 3.80 -2.83 0.1 0.5 A 4.4 A A 
50 4.55 0.23 5.05 -1.09 0.0 0.6 A 5.5 A A 
51 4.33 0.13 3.00 -5.87 0.3 0.4 A 3.7 A A 
52 3.3 0.43 13.03 -28.26 1.3 1.1 N 13.2 N N 
53 4.57 0.19 4.16 -0.65 0.0 0.6 A 4.7 A A 
54 4.51 0.36 7.98 -1.96 0.1 1.0 A 8.3 A A 
55 4.75 0.27 5.68 3.26 0.2 0.7 A 6.1 A A 
56 4.7 0.3 6.38 2.17 0.1 0.8 A 6.7 A A 
57 4.56 0.3 6.58 -0.87 0.0 0.8 A 6.9 A A 
58 4.67 0.18 3.85 1.52 0.1 0.5 A 4.4 A A 
59 4.75 0.1 2.11 3.26 0.2 0.4 A 3.0 A A 
60 4.77 0.11 2.31 3.70 0.2 0.4 A 3.2 A A 
61 4.96 0.11 2.22 7.83 0.4 0.4 A 3.1 A A 
62 4.65 0.14 3.01 1.09 0.1 0.4 A 3.7 A A 
63 4.6 0.12 2.61 0.00 0.0 0.4 A 3.4 A A 
64 4.58 0.355 7.75 -0.43 0.0 1.0 A 8.1 A A 
65 4.67 0.14 3.00 1.52 0.1 0.4 A 3.7 A A 
68 4.2 0.2 4.76 -8.70 0.4 0.6 A 5.2 A A 
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Score 
70 4.4 0.5 11.36 -4.35 0.2 1.3 A 11.6 N W 
71 4.53 0.25 5.52 -1.52 0.1 0.7 A 5.9 A A 
72 3.88 0.35 9.02 -15.65 0.7 0.9 A 9.3 A A 
74 1.9 0.2 10.53 -58.70 2.7 0.6 N 10.7 N N 
75 4.4 0.2 4.55 -4.35 0.2 0.6 A 5.0 A A 
76 4.13 0.15 3.63 -10.22 0.5 0.5 N 4.2 A N 
77 3.714 0.176 4.74 -19.26 0.9 0.5 N 5.2 A N 
78 3.37 0.0788 2.34 -26.74 1.2 0.3 N 3.2 A N 
79 4 0.4 10.00 -13.04 0.6 1.1 A 10.2 N N 
80 4.5 0.1 2.22 -2.17 0.1 0.4 A 3.1 A A 
81 4.02 0.31 7.71 -12.61 0.6 0.8 A 8.0 A A 
82 4.06 0.23 5.67 -11.74 0.5 0.6 A 6.1 A A 
83 3.85 0.12 3.12 -16.30 0.8 0.4 N 3.8 A N 
84 4.5 0.4 8.89 -2.17 0.1 1.1 A 9.2 A A 
85 1.5 0.3 20.00 -67.39 3.1 0.8 N 20.1 N N 
86 3.9 0.4 10.26 -15.22 0.7 1.1 A 10.5 N N 
87 4.51 0.23 5.10 -1.96 0.1 0.6 A 5.5 A A 
88 4.5 0.3 6.67 -2.17 0.1 0.8 A 7.0 A A 
89 4.4 0.1 2.27 -4.35 0.2 0.4 A 3.1 A A 
90 3.73 0.37 9.92 -18.91 0.9 1.0 A 10.2 N N 
91 4 0.4 10.00 -13.04 0.6 1.1 A 10.2 N N 
92 4.32 0.22 5.09 -6.09 0.3 0.6 A 5.5 A A 
93 4.29 0.11 2.56 -6.74 0.3 0.4 A 3.4 A A 
94 4.35 0.39 8.97 -5.43 0.3 1.0 A 9.2 A A 
95 4.6 0.34 7.39 0.00 0.0 0.9 A 7.7 A A 
96 4.2 0.3 7.14 -8.70 0.4 0.8 A 7.5 A A 
97 4.15 0.2 4.82 -9.78 0.4 0.6 A 5.3 A A 
98 3.96 0.29 7.32 -13.91 0.6 0.8 A 7.6 A A 
99 4.65 0.1 2.15 1.09 0.1 0.4 A 3.1 A A 

100 3.58 0.61 17.04 -22.17 1.0 1.6 A 17.2 N N 
101 4.25 0.22 5.18 -7.61 0.4 0.6 A 5.6 A A 
105 4.22 0.29 6.87 -8.26 0.4 0.8 A 7.2 A A 
106 4.11 0.38 9.25 -10.65 0.5 1.0 A 9.5 A A 
107 5.02 0.67 13.35 9.13 0.4 1.7 A 13.5 N W 
109 4.17 0.33 7.91 -9.35 0.4 0.9 A 8.2 A A 
110 4.61 0.346 7.51 0.22 0.0 0.9 A 7.8 A A 
111 4.63 0.32 6.91 0.65 0.0 0.9 A 7.2 A A 
112 4.54 0.22 4.85 -1.30 0.1 0.6 A 5.3 A A 
114 4.5 0.3 6.67 -2.17 0.1 0.8 A 7.0 A A 
115 4.5 0.4 8.89 -2.17 0.1 1.1 A 9.2 A A 
118 4.95 0.18 3.64 7.61 0.4 0.5 A 4.2 A A 
119 5.13 0.33 6.43 11.52 0.5 0.9 A 6.8 A A 
120 4.54 0.22 4.85 -1.30 0.1 0.6 A 5.3 A A 
121 5.65 0.47 8.32 22.83 1.1 1.2 A 8.6 A A 
122 4.65 0.15 3.23 1.09 0.1 0.5 A 3.9 A A 
123 4.05 0.14 3.46 -11.96 0.6 0.4 N 4.1 A N 
124 4.125 0.179 4.34 -10.33 0.5 0.5 A 4.9 A A 
125 3.9 0.3 7.69 -15.22 0.7 0.8 A 8.0 A A 
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Score 
126 4.2 0.4 9.52 -8.70 0.4 1.1 A 9.8 A A 
127 4.15 0.25 6.02 -9.78 0.4 0.7 A 6.4 A A 
128 4.42 0.2 4.52 -3.91 0.2 0.6 A 5.0 A A 
130 4.25 0.21 4.94 -7.61 0.4 0.6 A 5.4 A A 
131 3.93 0.73 18.58 -14.57 0.7 1.9 A 18.7 N N 
132 4.756 0.128 2.69 3.39 0.2 0.4 A 3.5 A A 
133 4.8 0.3 6.25 4.35 0.2 0.8 A 6.6 A A 
134 4.6 0.1 2.17 0.00 0.0 0.4 A 3.1 A A 
136 4.214 0.116 2.75 -8.39 0.4 0.4 A 3.5 A A 
137 10.57 1.21 11.45 129.78 6.0 3.1 N 11.7 N N 
138 4.2 0.27 6.43 -8.70 0.4 0.7 A 6.8 A A 
139 4 0.134 3.35 -13.04 0.6 0.4 N 4.0 A N 
140 4.7 0.16 3.40 2.17 0.1 0.5 A 4.0 A A 
141 5.29 0.37 6.99 15.00 0.7 1.0 A 7.3 A A 
142 3.21 0.0025 0.08 -30.22 1.4 0.3 N 2.2 A N 
143 3.33 0.42 12.61 -27.61 1.3 1.1 N 12.8 N N 
144 2.76 0.33 11.96 -40.00 1.8 0.9 N 12.2 N N 
145 4.33 0.35 8.08 -5.87 0.3 0.9 A 8.4 A A 
146 3.42 0.3 8.77 -25.65 1.2 0.8 N 9.0 A N 
150 2.31 0.12 5.19 -49.78 2.3 0.4 N 5.6 A N 
151 2.36 0.12 5.08 -48.70 2.2 0.4 N 5.5 A N 
152 2.4 0.1 4.17 -47.83 2.2 0.4 N 4.7 A N 
153 4.363 0.307 7.04 -5.15 0.2 0.8 A 7.4 A A 
154 4.4 0.3 6.82 -4.35 0.2 0.8 A 7.2 A A 
157 4.5 0.2 4.44 -2.17 0.1 0.6 A 4.9 A A 
158 4.66 0.24 5.15 1.30 0.1 0.7 A 5.6 A A 
159 4.35 0.09 2.07 -5.43 0.3 0.3 A 3.0 A A 
160 4.75 0.48 10.11 3.26 0.2 1.3 A 10.3 N W 
161 4.36 0.4 9.17 -5.22 0.2 1.1 A 9.4 A A 
162 4.32 0.19 4.40 -6.09 0.3 0.6 A 4.9 A A 
163 4.82 0.23 4.77 4.78 0.2 0.6 A 5.2 A A 
164 4.36 0.22 5.05 -5.22 0.2 0.6 A 5.5 A A 
165 4.55 0.2 4.40 -1.09 0.0 0.6 A 4.9 A A 
166 4.3 0.25 5.81 -6.52 0.3 0.7 A 6.2 A A 
167 3.25 0.31 9.54 -29.35 1.4 0.8 N 9.8 A N 
168 3.82 0.08 2.09 -16.96 0.8 0.3 N 3.0 A N 
169 4.75 0.2 4.21 3.26 0.2 0.6 A 4.7 A A 
170 4.3 0.2 4.65 -6.52 0.3 0.6 A 5.1 A A 
171 4.96 0.15 3.02 7.83 0.4 0.5 A 3.7 A A 
172 4.7 0.3 6.38 2.17 0.1 0.8 A 6.7 A A 
173 3.88 0.08 2.06 -15.65 0.7 0.3 N 3.0 A N 
174 4.76 0.2 4.20 3.48 0.2 0.6 A 4.7 A A 
175 4.65 0.24 5.16 1.09 0.1 0.7 A 5.6 A A 
177 5.03 0.25 4.97 9.35 0.4 0.7 A 5.4 A A 
178 5.06 0.214 4.23 10.00 0.5 0.6 A 4.8 A A 
179 3.86 0.1 2.59 -16.09 0.7 0.4 N 3.4 A N 
181 4.27 0.1 2.34 -7.17 0.3 0.4 A 3.2 A A 
182 5.32 0.24 4.51 15.65 0.7 0.7 N 5.0 A N 
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183 4.28 0.18 4.21 -6.96 0.3 0.5 A 4.7 A A 
184 3.79 0.22 5.80 -17.61 0.8 0.6 N 6.2 A N 
185 4.47 0.36 8.05 -2.83 0.1 1.0 A 8.3 A A 
186 4.68 0.18 3.85 1.74 0.1 0.5 A 4.4 A A 
187 3.9 0.7 17.95 -15.22 0.7 1.8 A 18.1 N N 
188 4.2 0.3 7.14 -8.70 0.4 0.8 A 7.5 A A 
190 3.75 0.52 13.87 -18.48 0.9 1.4 A 14.0 N N 
191 4.19 0.14 3.34 -8.91 0.4 0.4 A 4.0 A A 
192 4.9 0.5 10.20 6.52 0.3 1.3 A 10.4 N W 
193 5.1 0.4 7.84 10.87 0.5 1.1 A 8.1 A A 
194 5.3 0.5 9.43 15.22 0.7 1.3 A 9.7 A A 
195 4.27 0.14 3.28 -7.17 0.3 0.4 A 3.9 A A 
197 7.51 0.14 1.86 63.26 2.9 0.4 N 2.9 A N 
199 5.1 0.4 7.84 10.87 0.5 1.1 A 8.1 A A 
200 4.35 0.18 4.14 -5.43 0.3 0.5 A 4.7 A A 
201 4.765 0.11 2.31 3.59 0.2 0.4 A 3.2 A A 
202 5.114 0.254 4.97 11.17 0.5 0.7 A 5.4 A A 
204 9.8 0.7 7.14 113.04 5.2 1.8 N 7.5 A N 
206 1.66 0.07 4.22 -63.91 2.9 0.3 N 4.7 A N 
207 5 1.5 30.00 8.70 0.4 3.9 A 30.1 N W 
208 3.8 0.4 10.53 -17.39 0.8 1.1 A 10.7 N N 
209 5.5 0.43 7.82 19.57 0.9 1.1 A 8.1 A A 
210 4 0.06 1.50 -13.04 0.6 0.3 N 2.6 A N 
211 4.4 0.22 5.00 -4.35 0.2 0.6 A 5.5 A A 
212 4.29 0.14 3.26 -6.74 0.3 0.4 A 3.9 A A 
213 4.39 0.08 1.82 -4.57 0.2 0.3 A 2.8 A A 
214 4.33 0.12 2.77 -5.87 0.3 0.4 A 3.5 A A 
215 4.32 0.16 3.70 -6.09 0.3 0.5 A 4.3 A A 
216 4.81 0.35 7.28 4.57 0.2 0.9 A 7.6 A A 
217 4.23 0.19 4.49 -8.04 0.4 0.6 A 5.0 A A 
218 4.058 0.081 2.00 -11.78 0.5 0.3 N 3.0 A N 
219 4.23 0.17 4.02 -8.04 0.4 0.5 A 4.6 A A 
220 4.93 0.18 3.65 7.17 0.3 0.5 A 4.2 A A 
221 4.63 0.4 8.64 0.65 0.0 1.1 A 8.9 A A 
223 3.18 0.32 10.06 -30.87 1.4 0.9 N 10.3 N N 
224 3.73 0.28 7.51 -18.91 0.9 0.8 N 7.8 A N 
225 22 2 9.09 378.26 17.4 5.2 N 9.3 A N 
226 5 0.3 6.00 8.70 0.4 0.8 A 6.4 A A 
227 4.33 0.11 2.54 -5.87 0.3 0.4 A 3.3 A A 
230 5.99 1.18 19.70 30.22 1.4 3.1 A 19.8 N N 
232 4.88 0.16 3.28 6.09 0.3 0.5 A 3.9 A A 
233 4.26 0.36 8.45 -7.39 0.3 1.0 A 8.7 A A 
234 5.74 0.937 16.32 24.78 1.1 2.4 A 16.5 N N 
235 4.62 0.74 16.02 0.43 0.0 1.9 A 16.2 N W 
236 4.73 0.63 13.32 2.83 0.1 1.6 A 13.5 N W 
237 4.4 0.2 4.55 -4.35 0.2 0.6 A 5.0 A A 
238 4.46 0.09 2.02 -3.04 0.1 0.3 A 3.0 A A 
239 4.16 0.15 3.61 -9.57 0.4 0.5 A 4.2 A A 
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240 4.1 0.4 9.76 -10.87 0.5 1.1 A 10.0 A A 
241 4 0.3 7.50 -13.04 0.6 0.8 A 7.8 A A 
242 4.42 0.09 2.04 -3.91 0.2 0.3 A 3.0 A A 
243 4.501 0.2529 5.62 -2.15 0.1 0.7 A 6.0 A A 
244 4.43 0.164 3.70 -3.70 0.2 0.5 A 4.3 A A 
245 4.05 0.08 1.98 -11.96 0.6 0.3 N 2.9 A N 
246 4.28 0.28 6.54 -6.96 0.3 0.8 A 6.9 A A 
249 4.22 0.14 3.32 -8.26 0.4 0.4 A 4.0 A A 
250 3.98 0.17 4.27 -13.48 0.6 0.5 N 4.8 A N 
251 4.61 0.32 6.94 0.22 0.0 0.9 A 7.3 A A 
252 4.5 0.2 4.44 -2.17 0.1 0.6 A 4.9 A A 
253 4.3 0.2 4.65 -6.52 0.3 0.6 A 5.1 A A 
254 4.12 0.15 3.64 -10.43 0.5 0.5 N 4.2 A N 
255 4.76 0.16 3.36 3.48 0.2 0.5 A 4.0 A A 
256 4.46 0.46 10.31 -3.04 0.1 1.2 A 10.5 N W 
257 4.48 0.3 6.70 -2.61 0.1 0.8 A 7.0 A A 
258 4.18 0.22 5.26 -9.13 0.4 0.6 A 5.7 A A 
259 3.87 0.05 1.29 -15.87 0.7 0.3 N 2.5 A N 
260 4.65 0.28 6.02 1.09 0.1 0.8 A 6.4 A A 
261 5 0.4 8.00 8.70 0.4 1.1 A 8.3 A A 
263 4.1 0.32 7.80 -10.87 0.5 0.9 A 8.1 A A 
264 12.8 0.508 3.97 178.26 8.2 1.3 N 4.5 A N 
265 4.61 0.071 1.54 0.22 0.0 0.3 A 2.7 A A 
267 3.95 0.282 7.14 -14.13 0.6 0.8 A 7.5 A A 
268 4.72 0.3 6.36 2.61 0.1 0.8 A 6.7 A A 
269 4.5 0.4 8.89 -2.17 0.1 1.1 A 9.2 A A 
270 4.59 0.28 6.10 -0.22 0.0 0.8 A 6.5 A A 
271 3.9 0.08 2.05 -15.22 0.7 0.3 N 3.0 A N 
272 4.12 0.1 2.43 -10.43 0.5 0.4 N 3.3 A N 
273 1.5 0.4 26.67 -67.39 3.1 1.1 N 26.8 N N 
274 4.66 0.19 4.08 1.30 0.1 0.6 A 4.6 A A 
275 4.58 0.19 4.15 -0.43 0.0 0.6 A 4.7 A A 
276 3.9 0.4 10.26 -15.22 0.7 1.1 A 10.5 N N 
277 0.099 0.002 2.02 -97.85 4.5 0.3 N 3.0 A N 
278 4.25 0.47 11.06 -7.61 0.4 1.2 A 11.3 N W 
279 4.07 0.13 3.19 -11.52 0.5 0.4 N 3.9 A N 
283 3.74 0.25 6.68 -18.70 0.9 0.7 N 7.0 A N 
284 4.28 0.32 7.48 -6.96 0.3 0.9 A 7.8 A A 
285 4.12 0.32 7.77 -10.43 0.5 0.9 A 8.1 A A 
286 347.67 7.82 2.25 7458.04 343.1 20.2 N 3.1 A N 
288 4.6 0.3 6.52 0.00 0.0 0.8 A 6.9 A A 
289 4.63 0.18 3.89 0.65 0.0 0.5 A 4.5 A A 
290 3.8 0.3 7.89 -17.39 0.8 0.8 A 8.2 A A 
292 3.9 0.2 5.13 -15.22 0.7 0.6 N 5.6 A N 
293 3.9 0.2 5.13 -15.22 0.7 0.6 N 5.6 A N 
294 4.76 0.13 2.73 3.48 0.2 0.4 A 3.5 A A 
295 4.32 0.15 3.47 -6.09 0.3 0.5 A 4.1 A A 
296 4.5 0.3 6.67 -2.17 0.1 0.8 A 7.0 A A 
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Score 
297 4.3 0.4 9.30 -6.52 0.3 1.1 A 9.6 A A 
298 4.31 0.09 2.09 -6.30 0.3 0.3 A 3.0 A A 
299 3.58 0.8 22.35 -22.17 1.0 2.1 A 22.5 N N 
300 4.51 0.36 7.98 -1.96 0.1 1.0 A 8.3 A A 
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Performance evaluation of Cs-137 measurement results 

Spiked water sample 03 

Target Value: 3.2 ± 0.06 [Bq/kg] 

  

 
 

Lab 
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Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 2.82 0.33 11.70 -11.88 0.4 0.9 A 11.9 N N 
2 2.96 0.1 3.38 -7.50 0.2 0.3 A 3.9 A A 
3 3.3 0.5 15.15 3.12 0.1 1.3 A 15.3 N W 
4 2.92 0.1 3.42 -8.75 0.3 0.3 A 4.0 A A 
5 9.27 0.56 6.04 189.69 6.1 1.5 N 6.4 A N 
6 3.39 0.21 6.19 5.94 0.2 0.6 A 6.5 A A 
7 2.97 0.11 3.70 -7.19 0.2 0.3 A 4.2 A A 
9 3.21 0.18 5.61 0.31 0.0 0.5 A 6.0 A A 
11 3.4 0.2 5.88 6.25 0.2 0.5 A 6.2 A A 
12 4 0.2 5.00 25.00 0.8 0.5 N 5.4 A N 
13 2.83 0.1 3.53 -11.56 0.4 0.3 N 4.1 A N 
14 2.38 0.26 10.92 -25.63 0.8 0.7 N 11.1 N N 
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Laboratory code

Cs-137 Water sample 03
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Score 
15 2.66 0.86 32.33 -16.88 0.5 2.2 A 32.4 N N 
16 3.29 0.05 1.52 2.81 0.1 0.2 A 2.5 A A 
17 3.39 0.17 5.01 5.94 0.2 0.5 A 5.4 A A 
18 3.08 0.05 1.62 -3.75 0.1 0.2 A 2.6 A A 
19 3.255 0.06 1.94 1.72 0.1 0.2 A 2.8 A A 
20 3.25 0.05 1.54 1.56 0.0 0.2 A 2.5 A A 
21 3.24 0.33 10.19 1.25 0.0 0.9 A 10.4 N W 
22 3.22 0.04 1.24 0.63 0.0 0.2 A 2.4 A A 
23 3.33 0.08 2.40 4.06 0.1 0.3 A 3.1 A A 
24 3.33 0.1 3.00 4.06 0.1 0.3 A 3.6 A A 
25 4.17 0.67 16.07 30.31 1.0 1.7 A 16.2 N N 
26 2.94 0.25 8.50 -8.13 0.3 0.7 A 8.7 A A 
27 2.541 0.48 19.15 -20.59 0.7 1.3 A 19.3 N N 
29 3.2 0.2 6.25 0.00 0.0 0.5 A 6.6 A A 
30 3.4 0.3 8.82 6.25 0.2 0.8 A 9.0 A A 
31 3.9 0.5 12.82 21.88 0.7 1.3 A 13.0 N N 
32 3.4 0.25 7.35 6.25 0.2 0.7 A 7.6 A A 
33 3.18 0.22 6.92 -0.63 0.0 0.6 A 7.2 A A 
34 3.18 0.29 9.12 -0.63 0.0 0.8 A 9.3 A A 
35 3.3 0.17 5.15 3.12 0.1 0.5 A 5.5 A A 
36 3.34 0.12 3.59 4.37 0.1 0.4 A 4.1 A A 
37 3.25 0.14 4.31 1.56 0.0 0.4 A 4.7 A A 
38 1.8 0.014 0.78 -43.75 1.4 0.2 N 2.1 A N 
39 2.9 0.2 6.90 -9.38 0.3 0.5 A 7.2 A A 
40 3.26 0.19 5.83 1.87 0.1 0.5 A 6.2 A A 
41 3 0.3 10.00 -6.25 0.2 0.8 A 10.2 N W 
42 3.6 0.4 11.11 12.50 0.4 1.0 A 11.3 N N 
43 1.82 0.05 2.75 -43.13 1.4 0.2 N 3.4 A N 
44 3.36 0.26 7.74 5.00 0.2 0.7 A 8.0 A A 
45 3.07 0.11 3.58 -4.06 0.1 0.3 A 4.1 A A 
46 3.6 0.3 8.33 12.50 0.4 0.8 A 8.6 A A 
47 3.39 0.18 5.31 5.94 0.2 0.5 A 5.7 A A 
50 3.13 0.16 5.11 -2.19 0.1 0.4 A 5.5 A A 
51 3.04 0.15 4.93 -5.00 0.2 0.4 A 5.3 A A 
52 3.07 0.21 6.84 -4.06 0.1 0.6 A 7.1 A A 
53 3.13 0.16 5.11 -2.19 0.1 0.4 A 5.5 A A 
54 3.42 0.27 7.89 6.87 0.2 0.7 A 8.1 A A 
55 3.38 0.24 7.10 5.62 0.2 0.6 A 7.4 A A 
56 3.3 0.2 6.06 3.12 0.1 0.5 A 6.4 A A 
57 3.11 0.24 7.72 -2.81 0.1 0.6 A 8.0 A A 
58 3.3 0.15 4.55 3.12 0.1 0.4 A 5.0 A A 
59 3.33 0.08 2.40 4.06 0.1 0.3 A 3.1 A A 
60 3.19 0.08 2.51 -0.31 0.0 0.3 A 3.2 A A 
61 3.45 0.11 3.19 7.81 0.3 0.3 A 3.8 A A 
62 3.26 0.12 3.68 1.87 0.1 0.4 A 4.2 A A 
63 3.21 0.08 2.49 0.31 0.0 0.3 A 3.2 A A 
64 3.24 0.113 3.49 1.25 0.0 0.3 A 4.0 A A 
65 3.35 0.11 3.28 4.69 0.2 0.3 A 3.8 A A 
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68 3.2 0.2 6.25 0.00 0.0 0.5 A 6.6 A A 
70 3.6 0.4 11.11 12.50 0.4 1.0 A 11.3 N N 
71 3.08 0.25 8.12 -3.75 0.1 0.7 A 8.4 A A 
72 2.94 0.07 2.38 -8.13 0.3 0.2 N 3.1 A W 
73 3.11 0.21 6.75 -2.81 0.1 0.6 A 7.0 A A 
74 3.2 0.3 9.38 0.00 0.0 0.8 A 9.6 A A 
75 3.3 0.2 6.06 3.12 0.1 0.5 A 6.4 A A 
76 3.1 0.11 3.55 -3.13 0.1 0.3 A 4.1 A A 
77 3.147 0.16 5.08 -1.66 0.1 0.4 A 5.5 A A 
78 2.52 0.115 4.56 -21.25 0.7 0.3 N 5.0 A N 
79 3.5 0.5 14.29 9.37 0.3 1.3 A 14.4 N W 
80 3.3 0.1 3.03 3.12 0.1 0.3 A 3.6 A A 
81 3.11 0.23 7.40 -2.81 0.1 0.6 A 7.7 A A 
82 2.88 0.18 6.25 -10.00 0.3 0.5 A 6.6 A A 
83 2.66 0.14 5.26 -16.88 0.5 0.4 N 5.6 A N 
84 3.4 0.3 8.82 6.25 0.2 0.8 A 9.0 A A 
85 2.6 0.2 7.69 -18.75 0.6 0.5 N 7.9 A N 
86 2.4 0.2 8.33 -25.00 0.8 0.5 N 8.6 A N 
87 3.39 0.16 4.72 5.94 0.2 0.4 A 5.1 A A 
88 3.4 0.2 5.88 6.25 0.2 0.5 A 6.2 A A 
89 3.28 0.09 2.74 2.50 0.1 0.3 A 3.4 A A 
90 3.15 0.15 4.76 -1.56 0.1 0.4 A 5.2 A A 
91 3.2 0.3 9.38 0.00 0.0 0.8 A 9.6 A A 
92 3.05 0.16 5.25 -4.69 0.2 0.4 A 5.6 A A 
93 3.29 0.16 4.86 2.81 0.1 0.4 A 5.3 A A 
94 3.36 0.34 10.12 5.00 0.2 0.9 A 10.3 N W 
95 3.23 0.24 7.43 0.94 0.0 0.6 A 7.7 A A 
96 3.4 0.2 5.88 6.25 0.2 0.5 A 6.2 A A 
97 3.07 0.15 4.89 -4.06 0.1 0.4 A 5.3 A A 
98 3.23 0.28 8.67 0.94 0.0 0.7 A 8.9 A A 
99 3.37 0.07 2.08 5.31 0.2 0.2 A 2.9 A A 

100 2.95 0.86 29.15 -7.81 0.3 2.2 A 29.2 N W 
101 3.6 0.19 5.28 12.50 0.4 0.5 A 5.6 A A 
105 3.03 0.35 11.55 -5.31 0.2 0.9 A 11.7 N W 
106 3.3 0.42 12.73 3.12 0.1 1.1 A 12.9 N W 
107 3.03 0.82 27.06 -5.31 0.2 2.1 A 27.1 N W 
109 3.28 0.37 11.28 2.50 0.1 1.0 A 11.5 N W 
110 3.1 0.233 7.52 -3.13 0.1 0.6 A 7.8 A A 
111 3.22 0.45 13.98 0.63 0.0 1.2 A 14.1 N W 
112 3.33 0.15 4.50 4.06 0.1 0.4 A 4.9 A A 
114 3.3 0.2 6.06 3.12 0.1 0.5 A 6.4 A A 
115 4.2 0.6 14.29 31.25 1.0 1.6 A 14.4 N N 
118 3.23 0.21 6.50 0.94 0.0 0.6 A 6.8 A A 
119 3.93 0.29 7.38 22.81 0.7 0.8 A 7.6 A A 
120 3.33 0.15 4.50 4.06 0.1 0.4 A 4.9 A A 
121 13.1 0.52 3.97 309.38 9.9 1.4 N 4.4 A N 
122 3.4 0.15 4.41 6.25 0.2 0.4 A 4.8 A A 
123 2.56 0.13 5.08 -20.00 0.6 0.4 N 5.5 A N 
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Score 
124 3.179 0.197 6.20 -0.66 0.0 0.5 A 6.5 A A 
125 4.7 0.5 10.64 46.88 1.5 1.3 N 10.8 N N 
126 2.6 0.26 10.00 -18.75 0.6 0.7 A 10.2 N N 
127 3.02 0.29 9.60 -5.63 0.2 0.8 A 9.8 A A 
128 3.22 0.2 6.21 0.63 0.0 0.5 A 6.5 A A 
130 3.14 0.13 4.14 -1.88 0.1 0.4 A 4.6 A A 
131 3.02 0.11 3.64 -5.63 0.2 0.3 A 4.2 A A 
132 3.239 0.114 3.52 1.22 0.0 0.3 A 4.0 A A 
133 3.35 0.15 4.48 4.69 0.2 0.4 A 4.9 A A 
134 3.18 0.1 3.14 -0.63 0.0 0.3 A 3.7 A A 
136 3.388 0.147 4.34 5.87 0.2 0.4 A 4.8 A A 
137 5.98 0.21 3.51 86.88 2.8 0.6 N 4.0 A N 
138 3.47 0.24 6.92 8.44 0.3 0.6 A 7.2 A A 
139 3.23 0.161 4.98 0.94 0.0 0.4 A 5.4 A A 
140 4 2 50.00 25.00 0.8 5.2 A 50.0 N N 
141 4.46 0.47 10.54 39.38 1.3 1.2 N 10.7 N N 
142 1.91 0.002 0.10 -40.31 1.3 0.2 N 2.0 A N 
144 1.77 0.31 17.51 -44.69 1.4 0.8 N 17.6 N N 
145 3.38 0.32 9.47 5.62 0.2 0.8 A 9.7 A A 
146 3.26 0.4 12.27 1.87 0.1 1.0 A 12.4 N W 
150 2.85 0.09 3.16 -10.94 0.4 0.3 N 3.7 A N 
151 1.55 0.09 5.81 -51.56 1.7 0.3 N 6.1 A N 
152 1.6 0.1 6.25 -50.00 1.6 0.3 N 6.6 A N 
153 3.44 0.245 7.12 7.50 0.2 0.7 A 7.4 A A 
154 3.7 0.3 8.11 15.63 0.5 0.8 A 8.4 A A 
157 3.4 0.2 5.88 6.25 0.2 0.5 A 6.2 A A 
158 3.57 0.21 5.88 11.56 0.4 0.6 A 6.2 A A 
159 3.04 0.08 2.63 -5.00 0.2 0.3 A 3.3 A A 
160 4.42 0.56 12.67 38.13 1.2 1.5 A 12.8 N N 
161 3.32 0.24 7.23 3.75 0.1 0.6 A 7.5 A A 
162 3.27 0.23 7.03 2.19 0.1 0.6 A 7.3 A A 
163 3.24 0.17 5.25 1.25 0.0 0.5 A 5.6 A A 
164 3.05 0.17 5.57 -4.69 0.2 0.5 A 5.9 A A 
165 2.94 0.15 5.10 -8.13 0.3 0.4 A 5.5 A A 
166 3.4 0.21 6.18 6.25 0.2 0.6 A 6.5 A A 
167 2.97 0.31 10.44 -7.19 0.2 0.8 A 10.6 N W 
168 2.98 0.11 3.69 -6.88 0.2 0.3 A 4.2 A A 
169 3.32 0.13 3.92 3.75 0.1 0.4 A 4.4 A A 
170 3.2 0.3 9.38 0.00 0.0 0.8 A 9.6 A A 
171 3.51 0.19 5.41 9.69 0.3 0.5 A 5.8 A A 
172 3.1 0.4 12.90 -3.13 0.1 1.0 A 13.1 N W 
173 3.12 0.1 3.21 -2.50 0.1 0.3 A 3.8 A A 
174 3.31 0.17 5.14 3.44 0.1 0.5 A 5.5 A A 
175 3.15 0.16 5.08 -1.56 0.1 0.4 A 5.5 A A 
176 3.12 0.07 2.24 -2.50 0.1 0.2 A 3.0 A A 
177 3.36 0.2 5.95 5.00 0.2 0.5 A 6.3 A A 
178 3.28 0.14 4.27 2.50 0.1 0.4 A 4.7 A A 
179 3.1 0.1 3.23 -3.13 0.1 0.3 A 3.8 A A 
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Score 
181 3.09 0.05 1.62 -3.44 0.1 0.2 A 2.6 A A 
182 4.8 0.13 2.71 50.00 1.6 0.4 N 3.4 A N 
183 3.38 0.15 4.44 5.62 0.2 0.4 A 4.9 A A 
184 3.02 0.13 4.30 -5.63 0.2 0.4 A 4.7 A A 
185 3.1 0.19 6.13 -3.13 0.1 0.5 A 6.4 A A 
186 3.22 0.14 4.35 0.63 0.0 0.4 A 4.8 A A 
187 3.1 0.2 6.45 -3.13 0.1 0.5 A 6.8 A A 
188 3.21 0.16 4.98 0.31 0.0 0.4 A 5.4 A A 
190 4.02 0.63 15.67 25.63 0.8 1.6 A 15.8 N N 
191 3.01 0.12 3.99 -5.94 0.2 0.4 A 4.5 A A 
192 3.4 0.3 8.82 6.25 0.2 0.8 A 9.0 A A 
193 3.4 0.2 5.88 6.25 0.2 0.5 A 6.2 A A 
194 3.6 0.2 5.56 12.50 0.4 0.5 A 5.9 A A 
195 3.41 0.16 4.69 6.56 0.2 0.4 A 5.1 A A 
197 6.11 0.28 4.58 90.94 2.9 0.7 N 5.0 A N 
199 3 0.3 10.00 -6.25 0.2 0.8 A 10.2 N W 
200 3.16 0.17 5.38 -1.25 0.0 0.5 A 5.7 A A 
201 3.06 0.12 3.92 -4.38 0.1 0.4 A 4.4 A A 
202 7.201 0.523 7.26 125.03 4.0 1.4 N 7.5 A N 
203 30.3 0.96 3.17 846.88 27.1 2.5 N 3.7 A N 
204 11 2 18.18 243.75 7.8 5.2 N 18.3 N N 
205 2.42 0.2 8.26 -24.38 0.8 0.5 N 8.5 A N 
206 1.24 0.08 6.45 -61.25 2.0 0.3 N 6.8 A N 
207 3.92 0.18 4.59 22.50 0.7 0.5 N 5.0 A N 
208 2.5 0.3 12.00 -21.88 0.7 0.8 A 12.2 N N 
209 4.82 0.42 8.71 50.63 1.6 1.1 N 8.9 A N 
210 3.3 0.08 2.42 3.12 0.1 0.3 A 3.1 A A 
211 3.16 0.1 3.16 -1.25 0.0 0.3 A 3.7 A A 
212 3.3 0.11 3.33 3.12 0.1 0.3 A 3.9 A A 
213 3.01 0.1 3.32 -5.94 0.2 0.3 A 3.9 A A 
214 3.24 0.1 3.09 1.25 0.0 0.3 A 3.7 A A 
215 3.51 0.19 5.41 9.69 0.3 0.5 A 5.8 A A 
216 3.24 0.27 8.33 1.25 0.0 0.7 A 8.6 A A 
217 3.16 0.15 4.75 -1.25 0.0 0.4 A 5.2 A A 
218 3.325 0.148 4.45 3.91 0.1 0.4 A 4.9 A A 
219 2.85 0.16 5.61 -10.94 0.4 0.4 A 6.0 A A 
220 3.15 0.24 7.62 -1.56 0.1 0.6 A 7.9 A A 
221 3.4 0.3 8.82 6.25 0.2 0.8 A 9.0 A A 
223 2.12 0.24 11.32 -33.75 1.1 0.6 N 11.5 N N 
224 1.82 0.54 29.67 -43.13 1.4 1.4 A 29.7 N N 
225 15.5 3 19.35 384.38 12.3 7.7 N 19.5 N N 
226 5.6 0.7 12.50 75.00 2.4 1.8 N 12.7 N N 
227 3.14 0.13 4.14 -1.88 0.1 0.4 A 4.6 A A 
230 6.95 1.23 17.70 117.19 3.8 3.2 N 17.8 N N 
232 3.46 0.1 2.89 8.12 0.3 0.3 A 3.5 A A 
233 3.15 0.27 8.57 -1.56 0.1 0.7 A 8.8 A A 
234 4.2 0.919 21.88 31.25 1.0 2.4 A 22.0 N N 
235 2.69 0.72 26.77 -15.94 0.5 1.9 A 26.8 N N 
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Score 
236 2.77 0.45 16.25 -13.44 0.4 1.2 A 16.4 N N 
237 3.2 0.3 9.38 0.00 0.0 0.8 A 9.6 A A 
238 3.23 0.09 2.79 0.94 0.0 0.3 A 3.4 A A 
239 2.81 0.11 3.91 -12.19 0.4 0.3 N 4.4 A N 
240 2.9 0.3 10.34 -9.38 0.3 0.8 A 10.5 N W 
241 3.1 0.3 9.68 -3.13 0.1 0.8 A 9.9 A A 
242 3.05 0.13 4.26 -4.69 0.2 0.4 A 4.7 A A 
243 3.326 0.2024 6.09 3.94 0.1 0.5 A 6.4 A A 
244 3.06 0.133 4.35 -4.38 0.1 0.4 A 4.8 A A 
245 3.13 0.09 2.88 -2.19 0.1 0.3 A 3.5 A A 
246 3.57 0.16 4.48 11.56 0.4 0.4 A 4.9 A A 
249 3.32 0.17 5.12 3.75 0.1 0.5 A 5.5 A A 
250 3.05 0.19 6.23 -4.69 0.2 0.5 A 6.5 A A 
251 3.18 0.16 5.03 -0.63 0.0 0.4 A 5.4 A A 
252 2.9 0.2 6.90 -9.38 0.3 0.5 A 7.2 A A 
253 3.6 0.2 5.56 12.50 0.4 0.5 A 5.9 A A 
254 3.08 0.13 4.22 -3.75 0.1 0.4 A 4.7 A A 
255 3.08 0.1 3.25 -3.75 0.1 0.3 A 3.8 A A 
256 3.18 0.42 13.21 -0.63 0.0 1.1 A 13.4 N W 
257 3.34 0.26 7.78 4.37 0.1 0.7 A 8.0 A A 
258 3.11 0.17 5.47 -2.81 0.1 0.5 A 5.8 A A 
259 3.13 0.08 2.56 -2.19 0.1 0.3 A 3.2 A A 
260 3.18 0.25 7.86 -0.63 0.0 0.7 A 8.1 A A 
261 4.1 0.3 7.32 28.13 0.9 0.8 N 7.6 A N 
263 3.1 0.35 11.29 -3.13 0.1 0.9 A 11.5 N W 
264 9.38 0.288 3.07 193.13 6.2 0.8 N 3.7 A N 
265 3.2 0.062 1.94 0.00 0.0 0.2 A 2.8 A A 
267 2.93 0.215 7.34 -8.44 0.3 0.6 A 7.6 A A 
268 3.22 0.28 8.70 0.63 0.0 0.7 A 8.9 A A 
269 3.3 0.3 9.09 3.12 0.1 0.8 A 9.3 A A 
270 3.57 0.24 6.72 11.56 0.4 0.6 A 7.0 A A 
271 3.1 0.12 3.87 -3.13 0.1 0.4 A 4.4 A A 
272 3.06 0.11 3.59 -4.38 0.1 0.3 A 4.1 A A 
273 1.1 0.1 9.09 -65.63 2.1 0.3 N 9.3 A N 
274 3.16 0.1 3.16 -1.25 0.0 0.3 A 3.7 A A 
275 3.73 0.16 4.29 16.56 0.5 0.4 N 4.7 A N 
276 3.2 0.5 15.63 0.00 0.0 1.3 A 15.8 N W 
277 0.076 0.002 2.63 -97.63 3.1 0.2 N 3.3 A N 
278 2.61 0.46 17.62 -18.44 0.6 1.2 A 17.7 N N 
279 3.23 0.12 3.72 0.94 0.0 0.4 A 4.2 A A 
283 3.77 0.18 4.77 17.81 0.6 0.5 N 5.2 A N 
284 2.82 0.22 7.80 -11.88 0.4 0.6 A 8.1 A A 
285 3.15 0.23 7.35 -2.19 0.1 0.6 A 7.6 A A 
286 136.59 3.36 2.46 4168.44 133.4 8.7 N 3.2 A N 
288 3.5 0.1 2.86 9.37 0.3 0.3 A 3.5 A A 
289 3.34 0.07 2.10 4.37 0.1 0.2 A 2.9 A A 
290 3.2 0.3 9.38 0.00 0.0 0.8 A 9.6 A A 
292 2.7 0.2 7.41 -15.63 0.5 0.5 A 7.7 A A 
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Score 
293 2.7 0.2 7.41 -15.63 0.5 0.5 A 7.7 A A 
294 3.72 0.1 2.69 16.25 0.5 0.3 N 3.4 A N 
295 3.55 0.15 4.23 10.94 0.4 0.4 A 4.7 A A 
296 3.4 0.2 5.88 6.25 0.2 0.5 A 6.2 A A 
297 3.69 0.33 8.94 15.31 0.5 0.9 A 9.2 A A 
298 3.295 0.1232 3.74 2.97 0.1 0.4 A 4.2 A A 
299 3.72 0.99 26.61 16.25 0.5 2.6 A 26.7 N N 
300 3.09 0.25 8.09 -3.44 0.1 0.7 A 8.3 A A 
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Performance evaluation of Eu-152 measurement results 

Spiked water sample 03 

Target Value: 3.7 ± 0.08 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 3.42 0.44 12.87 -7.57 0.3 1.2 A 13.0 N W 
3 3.9 0.6 15.38 5.41 0.2 1.6 A 15.5 N W 
4 4.41 0.29 6.58 19.19 0.7 0.8 A 6.9 A A 
5 10.06 0.8 7.95 171.89 6.4 2.1 N 8.2 A N 
6 3.59 0.22 6.13 -2.97 0.1 0.6 A 6.5 A A 
7 3.54 0.16 4.52 -4.32 0.2 0.5 A 5.0 A A 
9 4.16 0.52 12.50 12.43 0.5 1.4 A 12.7 N N 
11 4 0.3 7.50 8.11 0.3 0.8 A 7.8 A A 
12 2.7 0.3 11.11 -27.03 1.0 0.8 N 11.3 N N 
13 3.43 0.16 4.66 -7.30 0.3 0.5 A 5.1 A A 
14 10.7 0.15 1.40 189.19 7.0 0.4 N 2.6 A N 
16 3.74 0.08 2.14 1.08 0.0 0.3 A 3.0 A A 
17 3.86 0.19 4.92 4.32 0.2 0.5 A 5.4 A A 
18 3.56 0.14 3.93 -3.78 0.1 0.4 A 4.5 A A 
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Laboratory code

Eu-152 Water sample 03
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Score 
19 3.452 0.107 3.10 -6.70 0.2 0.3 A 3.8 A A 
20 3.71 0.1 2.70 0.27 0.0 0.3 A 3.5 A A 
21 3.37 0.42 12.46 -8.92 0.3 1.1 A 12.6 N W 
22 3.64 0.09 2.47 -1.62 0.1 0.3 A 3.3 A A 
23 3.51 0.1 2.85 -5.14 0.2 0.3 A 3.6 A A 
24 3.6 0.16 4.44 -2.70 0.1 0.5 A 4.9 A A 
26 3.57 0.37 10.36 -3.51 0.1 1.0 A 10.6 N W 
29 3.6 0.7 19.44 -2.70 0.1 1.8 A 19.6 N W 
30 3.8 0.5 13.16 2.70 0.1 1.3 A 13.3 N W 
31 3.1 1.1 35.48 -16.22 0.6 2.8 A 35.5 N N 
32 4.74 0.45 9.49 28.11 1.0 1.2 A 9.7 A A 
34 3.28 0.55 16.77 -11.35 0.4 1.4 A 16.9 N N 
35 3.9 0.31 7.95 5.41 0.2 0.8 A 8.2 A A 
36 3.38 0.14 4.14 -8.65 0.3 0.4 A 4.7 A A 
37 2.46 0.13 5.28 -33.51 1.2 0.4 N 5.7 A N 
38 4.4 0.0063 0.14 18.92 0.7 0.2 N 2.2 A N 
39 3.4 0.3 8.82 -8.11 0.3 0.8 A 9.1 A A 
40 3.74 0.28 7.49 1.08 0.0 0.8 A 7.8 A A 
41 3.5 0.3 8.57 -5.41 0.2 0.8 A 8.8 A A 
42 3.9 0.4 10.26 5.41 0.2 1.1 A 10.5 N W 
43 2.19 0.04 1.83 -40.81 1.5 0.2 N 2.8 A N 
44 2.82 0.43 15.25 -23.78 0.9 1.1 A 15.4 N N 
45 3.93 0.27 6.87 6.22 0.2 0.7 A 7.2 A A 
46 3.7 0.38 10.27 0.00 0.0 1.0 A 10.5 N W 
47 4.01 0.25 6.23 8.38 0.3 0.7 A 6.6 A A 
50 3.31 0.5 15.11 -10.54 0.4 1.3 A 15.3 N N 
51 4.98 0.54 10.84 34.59 1.3 1.4 A 11.1 N N 
52 3.28 0.35 10.67 -11.35 0.4 0.9 A 10.9 N N 
53 3.36 0.2 5.95 -9.19 0.3 0.6 A 6.3 A A 
54 4.05 0.36 8.89 9.46 0.4 1.0 A 9.1 A A 
55 3.71 0.23 6.20 0.27 0.0 0.6 A 6.6 A A 
56 3.9 0.3 7.69 5.41 0.2 0.8 A 8.0 A A 
57 3.73 0.32 8.58 0.81 0.0 0.9 A 8.8 A A 
58 3.68 0.19 5.16 -0.54 0.0 0.5 A 5.6 A A 
59 3.5 0.1 2.86 -5.41 0.2 0.3 A 3.6 A A 
60 3.79 0.09 2.37 2.43 0.1 0.3 A 3.2 A A 
61 4.04 0.13 3.22 9.19 0.3 0.4 A 3.9 A A 
62 3.62 0.14 3.87 -2.16 0.1 0.4 A 4.4 A A 
63 4.01 0.18 4.49 8.38 0.3 0.5 A 5.0 A A 
64 3.87 0.936 24.19 4.59 0.2 2.4 A 24.3 N W 
65 3.84 0.15 3.91 3.78 0.1 0.4 A 4.5 A A 
68 3.6 0.3 8.33 -2.70 0.1 0.8 A 8.6 A A 
70 3.6 1 27.78 -2.70 0.1 2.6 A 27.9 N W 
71 3.61 0.6 16.62 -2.43 0.1 1.6 A 16.8 N W 
72 3.33 0.08 2.40 -10.00 0.4 0.3 N 3.2 A W 
73 4.8 0.4 8.33 29.73 1.1 1.1 N 8.6 A N 
75 9.9 0.4 4.04 167.57 6.2 1.1 N 4.6 A N 
76 4.383 0.37 8.44 18.46 0.7 1.0 A 8.7 A A 
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Score 
77 5.838 0.995 17.04 57.78 2.1 2.6 A 17.2 N N 
78 2.69 0.147 5.46 -27.30 1.0 0.4 N 5.9 A N 
80 3.7 0.2 5.41 0.00 0.0 0.6 A 5.8 A A 
81 3.51 0.55 15.67 -5.14 0.2 1.4 A 15.8 N W 
82 2.69 0.32 11.90 -27.30 1.0 0.9 N 12.1 N N 
84 4.2 0.3 7.14 13.51 0.5 0.8 A 7.5 A A 
86 3.8 0.7 18.42 2.70 0.1 1.8 A 18.5 N W 
87 3.5 0.6 17.14 -5.41 0.2 1.6 A 17.3 N W 
88 6.9 1 14.49 86.49 3.2 2.6 N 14.7 N N 
89 3.49 0.14 4.01 -5.68 0.2 0.4 A 4.6 A A 
90 3.28 0.66 20.12 -11.35 0.4 1.7 A 20.2 N N 
91 3.3 0.5 15.15 -10.81 0.4 1.3 A 15.3 N N 
92 3.44 0.2 5.81 -7.03 0.3 0.6 A 6.2 A A 
93 4.48 0.21 4.69 21.08 0.8 0.6 N 5.2 A N 
94 4.5 1.2 26.67 21.62 0.8 3.1 A 26.8 N N 
95 3.48 0.28 8.05 -5.95 0.2 0.8 A 8.3 A A 
96 3.4 0.3 8.82 -8.11 0.3 0.8 A 9.1 A A 
97 3.97 0.23 5.79 7.30 0.3 0.6 A 6.2 A A 
98 3.38 0.45 13.31 -8.65 0.3 1.2 A 13.5 N W 
99 3.51 0.1 2.85 -5.14 0.2 0.3 A 3.6 A A 

100 4.52 1.74 38.50 22.16 0.8 4.5 A 38.6 N N 
101 3.65 0.22 6.03 -1.35 0.1 0.6 A 6.4 A A 
106 4.83 0.47 9.73 30.54 1.1 1.2 A 10.0 A A 
107 4.42 2.12 47.96 19.46 0.7 5.5 A 48.0 N N 
109 3.76 0.53 14.10 1.62 0.1 1.4 A 14.3 N W 
111 3.67 0.85 23.16 -0.81 0.0 2.2 A 23.3 N W 
112 3.46 0.26 7.51 -6.49 0.2 0.7 A 7.8 A A 
114 4.3 0.5 11.63 16.22 0.6 1.3 A 11.8 N N 
115 9.4 1.5 15.96 154.05 5.7 3.9 N 16.1 N N 
118 3.64 0.33 9.07 -1.62 0.1 0.9 A 9.3 A A 
120 3.46 0.26 7.51 -6.49 0.2 0.7 A 7.8 A A 
121 2.44 1.28 52.46 -34.05 1.3 3.3 A 52.5 N N 
122 3.75 0.15 4.00 1.35 0.0 0.4 A 4.5 A A 
123 3.08 0.14 4.55 -16.76 0.6 0.4 N 5.0 A N 
124 3.175 0.268 8.44 -14.19 0.5 0.7 A 8.7 A A 
125 2.3 0.5 21.74 -37.84 1.4 1.3 N 21.8 N N 
126 3.1 1.1 35.48 -16.22 0.6 2.8 A 35.5 N N 
128 3.62 0.2 5.52 -2.16 0.1 0.6 A 5.9 A A 
130 3.5 0.36 10.29 -5.41 0.2 1.0 A 10.5 N W 
131 3.34 0.18 5.39 -9.73 0.4 0.5 A 5.8 A A 
132 3.492 0.126 3.61 -5.62 0.2 0.4 A 4.2 A A 
133 3.81 0.14 3.67 2.97 0.1 0.4 A 4.3 A A 
134 3.84 0.18 4.69 3.78 0.1 0.5 A 5.2 A A 
136 22.35 0.83 3.71 504.05 18.7 2.2 N 4.3 A N 
138 3.02 0.84 27.81 -18.38 0.7 2.2 A 27.9 N N 
139 3.6 0.193 5.36 -2.70 0.1 0.5 A 5.8 A A 
140 3.6 0.14 3.89 -2.70 0.1 0.4 A 4.4 A A 
141 3.67 0.46 12.53 -0.81 0.0 1.2 A 12.7 N W 
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Score 
143 7.72 1.02 13.21 108.65 4.0 2.6 N 13.4 N N 
144 3.93 1.47 37.40 6.22 0.2 3.8 A 37.5 N W 
146 3.01 0.5 16.61 -18.65 0.7 1.3 A 16.8 N N 
150 2.39 0.26 10.88 -35.41 1.3 0.7 N 11.1 N N 
151 2.39 0.26 10.88 -35.41 1.3 0.7 N 11.1 N N 
152 2.4 0.3 12.50 -35.14 1.3 0.8 N 12.7 N N 
153 3.872 0.504 13.02 4.65 0.2 1.3 A 13.2 N W 
154 4.2 0.3 7.14 13.51 0.5 0.8 A 7.5 A A 
157 3.2 0.2 6.25 -13.51 0.5 0.6 A 6.6 A A 
158 3.7 0.29 7.84 0.00 0.0 0.8 A 8.1 A A 
159 3.38 0.1 2.96 -8.65 0.3 0.3 A 3.7 A A 
160 4.25 0.82 19.29 14.86 0.6 2.1 A 19.4 N N 
161 3.71 0.41 11.05 0.27 0.0 1.1 A 11.3 N W 
162 3.71 0.23 6.20 0.27 0.0 0.6 A 6.6 A A 
163 4.44 0.29 6.53 20.00 0.7 0.8 A 6.9 A A 
164 3.51 0.24 6.84 -5.14 0.2 0.7 A 7.2 A A 
165 3.66 0.11 3.01 -1.08 0.0 0.4 A 3.7 A A 
166 3.74 0.34 9.09 1.08 0.0 0.9 A 9.3 A A 
167 3.27 0.33 10.09 -11.62 0.4 0.9 A 10.3 N N 
168 3.09 0.12 3.88 -16.49 0.6 0.4 N 4.4 A N 
169 3.69 0.19 5.15 -0.27 0.0 0.5 A 5.6 A A 
170 4 0.7 17.50 8.11 0.3 1.8 A 17.6 N W 
171 4.36 0.14 3.21 17.84 0.7 0.4 N 3.9 A N 
172 4.1 0.7 17.07 10.81 0.4 1.8 A 17.2 N N 
173 3.66 0.11 3.01 -1.08 0.0 0.4 A 3.7 A A 
174 4.11 0.2 4.87 11.08 0.4 0.6 A 5.3 A A 
175 3.72 0.22 5.91 0.54 0.0 0.6 A 6.3 A A 
177 5.67 0.71 12.52 53.24 2.0 1.8 N 12.7 N N 
178 4.44 0.168 3.78 20.00 0.7 0.5 N 4.4 A N 
179 3.5 0.1 2.86 -5.41 0.2 0.3 A 3.6 A A 
181 3.89 0.16 4.11 5.14 0.2 0.5 A 4.6 A A 
182 4.63 0.8 17.28 25.14 0.9 2.1 A 17.4 N N 
183 3.39 0.2 5.90 -8.38 0.3 0.6 A 6.3 A A 
184 4.05 0.88 21.73 9.46 0.4 2.3 A 21.8 N W 
185 3.45 0.28 8.12 -6.76 0.3 0.8 A 8.4 A A 
186 3.69 0.16 4.34 -0.27 0.0 0.5 A 4.8 A A 
187 3.8 0.8 21.05 2.70 0.1 2.1 A 21.2 N W 
188 3.4 0.3 8.82 -8.11 0.3 0.8 A 9.1 A A 
190 4.83 0.97 20.08 30.54 1.1 2.5 A 20.2 N N 
191 3.84 0.28 7.29 3.78 0.1 0.8 A 7.6 A A 
192 3.9 0.6 15.38 5.41 0.2 1.6 A 15.5 N W 
193 3.5 0.1 2.86 -5.41 0.2 0.3 A 3.6 A A 
194 3.7 0.2 5.41 0.00 0.0 0.6 A 5.8 A A 
195 3.48 0.22 6.32 -5.95 0.2 0.6 A 6.7 A A 
197 8.34 0.11 1.32 125.41 4.6 0.4 N 2.5 A N 
199 4 1.3 32.50 8.11 0.3 3.4 A 32.6 N W 
200 1.92 0.11 5.73 -48.11 1.8 0.4 N 6.1 A N 
201 3.395 0.13 3.83 -8.24 0.3 0.4 A 4.4 A A 
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202 4.375 0.332 7.59 18.24 0.7 0.9 A 7.9 A A 
207 4.3 1.3 30.23 16.22 0.6 3.4 A 30.3 N N 
208 3.7 0.4 10.81 0.00 0.0 1.1 A 11.0 N W 
209 7.55 0.85 11.26 104.05 3.9 2.2 N 11.5 N N 
210 3.2 0.08 2.50 -13.51 0.5 0.3 N 3.3 A N 
211 3.56 0.18 5.06 -3.78 0.1 0.5 A 5.5 A A 
212 3.49 0.14 4.01 -5.68 0.2 0.4 A 4.6 A A 
213 3.87 0.3 7.75 4.59 0.2 0.8 A 8.0 A A 
214 3.63 0.13 3.58 -1.89 0.1 0.4 A 4.2 A A 
215 3.4 0.2 5.88 -8.11 0.3 0.6 A 6.3 A A 
216 4.19 0.65 15.51 13.24 0.5 1.7 A 15.7 N N 
217 3.4 0.29 8.53 -8.11 0.3 0.8 A 8.8 A A 
218 3.29 0.178 5.41 -11.08 0.4 0.5 A 5.8 A A 
219 3.73 0.28 7.51 0.81 0.0 0.8 A 7.8 A A 
220 3.44 0.26 7.56 -7.03 0.3 0.7 A 7.9 A A 
221 3.6 0.35 9.72 -2.70 0.1 0.9 A 10.0 A A 
223 2.43 0.25 10.29 -34.32 1.3 0.7 N 10.5 N N 
224 3.03 0.62 20.46 -18.11 0.7 1.6 A 20.6 N N 
225 2730 280 10.26 73683.7

8
2726.3 722.4 N 10.5 N N 

227 3.92 0.21 5.36 5.95 0.2 0.6 A 5.8 A A 
230 11.24 1.29 11.48 203.78 7.5 3.3 N 11.7 N N 
232 3.18 0.3 9.43 -14.05 0.5 0.8 A 9.7 A A 
233 3.47 0.3 8.65 -6.22 0.2 0.8 A 8.9 A A 
235 13.08 3.54 27.06 253.51 9.4 9.1 N 27.2 N N 
236 4.69 1.04 22.17 26.76 1.0 2.7 A 22.3 N N 
237 3.5 0.5 14.29 -5.41 0.2 1.3 A 14.4 N W 
238 3.55 0.16 4.51 -4.05 0.2 0.5 A 5.0 A A 
239 2.84 0.12 4.23 -23.24 0.9 0.4 N 4.7 A N 
240 3.5 0.4 11.43 -5.41 0.2 1.1 A 11.6 N W 
241 3.5 0.3 8.57 -5.41 0.2 0.8 A 8.8 A A 
242 3.39 0.16 4.72 -8.38 0.3 0.5 A 5.2 A A 
243 3.704 0.2456 6.63 0.11 0.0 0.7 A 7.0 A A 
244 3.53 0.179 5.07 -4.59 0.2 0.5 A 5.5 A A 
245 3.39 0.18 5.31 -8.38 0.3 0.5 A 5.7 A A 
246 3.6 0.22 6.11 -2.70 0.1 0.6 A 6.5 A A 
249 3.58 0.21 5.87 -3.24 0.1 0.6 A 6.3 A A 
250 3.6 0.3 8.33 -2.70 0.1 0.8 A 8.6 A A 
251 3.91 0.36 9.21 5.68 0.2 1.0 A 9.5 A A 
252 4 0.3 7.50 8.11 0.3 0.8 A 7.8 A A 
253 4.4 0.5 11.36 18.92 0.7 1.3 A 11.6 N N 
254 3.78 0.27 7.14 2.16 0.1 0.7 A 7.5 A A 
255 3.54 0.3 8.47 -4.32 0.2 0.8 A 8.7 A A 
256 4.45 0.58 13.03 20.27 0.8 1.5 A 13.2 N N 
258 3.29 0.31 9.42 -11.08 0.4 0.8 A 9.7 A A 
259 3.17 0.19 5.99 -14.32 0.5 0.5 A 6.4 A A 
260 2.94 0.33 11.22 -20.54 0.8 0.9 A 11.4 N N 
261 5 0.4 8.00 35.14 1.3 1.1 N 8.3 A N 
263 4.5 0.68 15.11 21.62 0.8 1.8 A 15.3 N N 
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Score 
264 9.65 0.454 4.70 160.81 6.0 1.2 N 5.2 A N 
265 4.02 0.197 4.90 8.65 0.3 0.5 A 5.4 A A 
267 3.95 0.629 15.92 6.76 0.3 1.6 A 16.1 N W 
268 3.71 0.51 13.75 0.27 0.0 1.3 A 13.9 N W 
269 4.8 1.2 25.00 29.73 1.1 3.1 A 25.1 N N 
270 4.4 0.67 15.23 18.92 0.7 1.7 A 15.4 N N 
271 3.49 0.14 4.01 -5.68 0.2 0.4 A 4.6 A A 
272 3.55 0.14 3.94 -4.05 0.2 0.4 A 4.5 A A 
273 1.1  0.00 -70.27 2.6 0.2 N 2.2 A N 
274 3.51 0.35 9.97 -5.14 0.2 0.9 A 10.2 N W 
275 4.25 0.37 8.71 14.86 0.6 1.0 A 9.0 A A 
276 3.6 0.5 13.89 -2.70 0.1 1.3 A 14.1 N W 
277 0.07 0.003 4.23 -98.08 3.6 0.2 N 4.7 A N 
278 4.23 0.74 17.49 14.32 0.5 1.9 A 17.6 N N 
279 3.16 0.12 3.80 -14.59 0.5 0.4 N 4.4 A N 
284 4.58 0.41 8.95 23.78 0.9 1.1 A 9.2 A A 
285 4.3 0.3 7.14 13.51 0.5 0.8 A 7.5 A A 
286 40.7 1.61 3.96 1000 37.0 4.2 N 4.5 A N 
288 4.1 0.1 2.44 10.81 0.4 0.3 N 3.3 A N 
289 3.67 0.21 5.72 -0.81 0.0 0.6 A 6.1 A A 
290 3.5 0.4 11.43 -5.41 0.2 1.1 A 11.6 N W 
292 3.5 0.3 8.57 -5.41 0.2 0.8 A 8.8 A A 
293 3.5 0.3 8.57 -5.41 0.2 0.8 A 8.8 A A 
294 3.79 0.23 6.07 2.43 0.1 0.6 A 6.4 A A 
295 3.39 0.35 10.32 -8.38 0.3 0.9 A 10.5 N W 
296 4 0.1 2.50 8.11 0.3 0.3 A 3.3 A A 
297 4.51 0.71 15.74 21.89 0.8 1.8 A 15.9 N N 
298 4.04 0.26 6.42 9.41 0.3 0.7 A 6.8 A A 
300 3.19 0.26 8.15 -13.78 0.5 0.7 A 8.4 A A 
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Performance evaluation of Co-57 measurement results 

Spiked water sample 04 

Target Value: 7.5 ± 0.15 [Bq/kg] 

  

 
 

 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 8.25 0.56 6.79 10.00 0.8 1.5 A 7.1 A A 
3 7.4 0.7 9.46 -1.33 0.1 1.8 A 9.7 A A 
4 6.8 1 14.71 -9.33 0.7 2.6 A 14.8 N W 
5 2.44 0.23 9.43 -67.47 5.1 0.7 N 9.6 A N 
6 7.98 0.54 6.77 6.40 0.5 1.4 A 7.1 A A 
7 7.01 0.36 5.14 -6.53 0.5 1.0 A 5.5 A A 
9 6.4 1.7 26.56 -14.67 1.1 4.4 A 26.6 N N 
11 8.2 0.6 7.32 9.33 0.7 1.6 A 7.6 A A 
12 8.1 1.1 13.58 8.00 0.6 2.9 A 13.7 N W 
13 5.95 0.2 3.36 -20.67 1.6 0.6 N 3.9 A N 
14 5.03 0.16 3.18 -32.93 2.5 0.6 N 3.8 A N 
15 7.44 1.49 20.03 -0.80 0.1 3.9 A 20.1 N W 
16 7.1 0.21 2.96 -5.33 0.4 0.7 A 3.6 A A 
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Laboratory code

Co-57 Water sample 04
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Score 
17 7.34 0.35 4.77 -2.13 0.2 1.0 A 5.2 A A 
18 6.91 0.17 2.46 -7.87 0.6 0.6 N 3.2 A W 
19 6.745 0.107 1.59 -10.07 0.8 0.5 N 2.6 A N 
20 7.3 0.22 3.01 -2.67 0.2 0.7 A 3.6 A A 
21 7.53 0.84 11.16 0.40 0.0 2.2 A 11.3 N W 
22 7.57 0.22 2.91 0.93 0.1 0.7 A 3.5 A A 
23 6.89 0.11 1.60 -8.13 0.6 0.5 N 2.6 A W 
24 7.17 0.2 2.79 -4.40 0.3 0.6 A 3.4 A A 
25 8.98 0.5 5.57 19.73 1.5 1.3 N 5.9 A N 
26 7.22 1.57 21.75 -3.73 0.3 4.1 A 21.8 N W 
27 9.071 0.8214 9.06 20.95 1.6 2.2 A 9.3 A A 
29 9.3 2.7 29.03 24.00 1.8 7.0 A 29.1 N N 
30 5.6 0.4 7.14 -25.33 1.9 1.1 N 7.4 A N 
31 6.4 0.7 10.94 -14.67 1.1 1.8 A 11.1 N N 
32 7.49 0.46 6.14 -0.13 0.0 1.2 A 6.5 A A 
34 7.4 0.77 10.41 -1.33 0.1 2.0 A 10.6 N W 
36 8.35 0.66 7.90 11.33 0.9 1.7 A 8.2 A A 
37 8.94 0.53 5.93 19.20 1.4 1.4 N 6.3 A N 
38 8.4 0.0123 0.15 12.00 0.9 0.4 N 2.0 A N 
39 7.1 0.9 12.68 -5.33 0.4 2.4 A 12.8 N W 
40 7.7 0.44 5.71 2.67 0.2 1.2 A 6.1 A A 
41 7.1 0.5 7.04 -5.33 0.4 1.3 A 7.3 A A 
42 8.3 0.7 8.43 10.67 0.8 1.8 A 8.7 A A 
43 4.57 0.06 1.31 -39.07 2.9 0.4 N 2.4 A N 
44 7.33 1.12 15.28 -2.27 0.2 2.9 A 15.4 N W 
45 7.46 0.47 6.30 -0.53 0.0 1.3 A 6.6 A A 
46 7 0.45 6.43 -6.67 0.5 1.2 A 6.7 A A 
47 7.6 0.29 3.82 1.33 0.1 0.8 A 4.3 A A 
50 7.36 0.37 5.03 -1.87 0.1 1.0 A 5.4 A A 
51 9.18 0.36 3.92 22.40 1.7 1.0 N 4.4 A N 
52 10.9 1.2 11.01 45.33 3.4 3.1 N 11.2 N N 
53 7.7 0.6 7.79 2.67 0.2 1.6 A 8.0 A A 
54 7.92 0.79 9.97 5.60 0.4 2.1 A 10.2 N W 
55 7.16 0.68 9.50 -4.53 0.3 1.8 A 9.7 A A 
56 7.6 0.4 5.26 1.33 0.1 1.1 A 5.6 A A 
57 7.78 0.49 6.30 3.73 0.3 1.3 A 6.6 A A 
58 8.25 0.5 6.06 10.00 0.8 1.3 A 6.4 A A 
59 7.6 0.2 2.63 1.33 0.1 0.6 A 3.3 A A 
60 6.63 0.21 3.17 -11.60 0.9 0.7 N 3.7 A N 
61 7.96 0.45 5.65 6.13 0.5 1.2 A 6.0 A A 
62 7.55 0.26 3.44 0.67 0.0 0.8 A 4.0 A A 
63 7.54 0.32 4.24 0.53 0.0 0.9 A 4.7 A A 
64 7.84 0.699 8.92 4.53 0.3 1.8 A 9.1 A A 
65 7.28 0.23 3.16 -2.93 0.2 0.7 A 3.7 A A 
68 6.8 0.3 4.41 -9.33 0.7 0.9 A 4.8 A A 
70 8.3 1.5 18.07 10.67 0.8 3.9 A 18.2 N N 
71 7.33 0.17 2.32 -2.27 0.2 0.6 A 3.1 A A 
72 7.02 0.1 1.42 -6.40 0.5 0.5 N 2.5 A W 
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Score 
73 6.4 0.5 7.81 -14.67 1.1 1.3 A 8.1 A A 
74 3.7 0.5 13.51 -50.67 3.8 1.3 N 13.7 N N 
75 11.6 0.5 4.31 54.67 4.1 1.3 N 4.8 A N 
76 8.28 0.55 6.64 10.40 0.8 1.5 A 6.9 A A 
77 6.618 0.237 3.58 -11.76 0.9 0.7 N 4.1 A N 
78 8.85 0.266 3.01 18.00 1.4 0.8 N 3.6 A N 
79 13.7 1.2 8.76 82.67 6.2 3.1 N 9.0 A N 
80 6.3 0.6 9.52 -16.00 1.2 1.6 A 9.7 A A 
81 8.33 1.35 16.21 11.07 0.8 3.5 A 16.3 N N 
82 13.45 0.22 1.64 79.33 6.0 0.7 N 2.6 A N 
83 9.8 1.17 11.94 30.67 2.3 3.0 A 12.1 N N 
84 8.9 0.6 6.74 18.67 1.4 1.6 A 7.0 A A 
86 5.6 1.1 19.64 -25.33 1.9 2.9 A 19.7 N N 
87 6.3 0.4 6.35 -16.00 1.2 1.1 N 6.7 A N 
88 7.8 0.5 6.41 4.00 0.3 1.3 A 6.7 A A 
89 5.14 0.45 8.75 -31.47 2.4 1.2 N 9.0 A N 
91 8.4 1.2 14.29 12.00 0.9 3.1 A 14.4 N N 
92 5.27 0.32 6.07 -29.73 2.2 0.9 N 6.4 A N 
93 11.39 0.28 2.46 51.87 3.9 0.8 N 3.2 A N 
94 6.2 0.4 6.45 -17.33 1.3 1.1 N 6.8 A N 
95 7.14 0.49 6.86 -4.80 0.4 1.3 A 7.1 A A 
96 7.1 0.5 7.04 -5.33 0.4 1.3 A 7.3 A A 
97 7.54 0.47 6.23 0.53 0.0 1.3 A 6.5 A A 
98 7.35 0.93 12.65 -2.00 0.2 2.4 A 12.8 N W 
99 7.71 0.15 1.95 2.80 0.2 0.5 A 2.8 A A 

100 5.37 1.14 21.23 -28.40 2.1 3.0 A 21.3 N N 
101 8.7 0.5 5.75 16.00 1.2 1.3 A 6.1 A A 
105 11.1 0.5 4.50 48.00 3.6 1.3 N 4.9 A N 
106 7.26 0.65 8.95 -3.20 0.2 1.7 A 9.2 A A 
107 8.35 1.43 17.13 11.33 0.9 3.7 A 17.2 N N 
109 8.8 1.2 13.64 17.33 1.3 3.1 A 13.8 N N 
110 7.14 0.537 7.52 -4.80 0.4 1.4 A 7.8 A A 
111 6.9 0.61 8.84 -8.00 0.6 1.6 A 9.1 A A 
112 7.22 0.6 8.31 -3.73 0.3 1.6 A 8.5 A A 
113 8.48 1.65 19.46 13.07 1.0 4.3 A 19.6 N N 
114 7.2 0.4 5.56 -4.00 0.3 1.1 A 5.9 A A 
118 7.53 0.44 5.84 0.40 0.0 1.2 A 6.2 A A 
119 8.07 0.51 6.32 7.60 0.6 1.4 A 6.6 A A 
120 7.22 0.6 8.31 -3.73 0.3 1.6 A 8.5 A A 
122 7.4 0.3 4.05 -1.33 0.1 0.9 A 4.5 A A 
123 5.17 0.47 9.09 -31.07 2.3 1.3 N 9.3 A N 
124 6.386 0.376 5.89 -14.85 1.1 1.0 N 6.2 A N 
125 7.3 0.5 6.85 -2.67 0.2 1.3 A 7.1 A A 
126 6.6 1.2 18.18 -12.00 0.9 3.1 A 18.3 N N 
127 6.53 0.43 6.58 -12.93 1.0 1.2 A 6.9 A A 
128 7.3 0.3 4.11 -2.67 0.2 0.9 A 4.6 A A 
130 7.93 0.48 6.05 5.73 0.4 1.3 A 6.4 A A 
131 8.08 0.62 7.67 7.73 0.6 1.6 A 7.9 A A 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
132 7.538 0.254 3.37 0.51 0.0 0.8 A 3.9 A A 
133 7.2 0.6 8.33 -4.00 0.3 1.6 A 8.6 A A 
134 7.24 0.17 2.35 -3.47 0.3 0.6 A 3.1 A A 
136 9.501 0.468 4.93 26.68 2.0 1.3 N 5.3 A N 
138 8.17 0.97 11.87 8.93 0.7 2.5 A 12.0 N W 
139 7.84 0.37 4.72 4.53 0.3 1.0 A 5.1 A A 
140 7.1 0.34 4.79 -5.33 0.4 1.0 A 5.2 A A 
141 10.41 0.91 8.74 38.80 2.9 2.4 N 9.0 A N 
144 7.92 3.26 41.16 5.60 0.4 8.4 A 41.2 N W 
146 4.86 0.33 6.79 -35.20 2.6 0.9 N 7.1 A N 
150 2.85 0.15 5.26 -62.00 4.7 0.5 N 5.6 A N 
151 5.46 0.46 8.42 -27.20 2.0 1.2 N 8.7 A N 
152 5 0.5 10.00 -33.33 2.5 1.3 N 10.2 N N 
153 7.245 0.855 11.80 -3.40 0.3 2.2 A 12.0 N W 
154 7.6 0.6 7.89 1.33 0.1 1.6 A 8.1 A A 
157 7.9 0.6 7.59 5.33 0.4 1.6 A 7.9 A A 
158 7.57 0.37 4.89 0.93 0.1 1.0 A 5.3 A A 
159 7.26 0.2 2.75 -3.20 0.2 0.6 A 3.4 A A 
160 10.53 0.34 3.23 40.40 3.0 1.0 N 3.8 A N 
161 7.29 0.64 8.78 -2.80 0.2 1.7 A 9.0 A A 
162 7.58 0.44 5.80 1.07 0.1 1.2 A 6.1 A A 
163 7.72 0.6 7.77 2.93 0.2 1.6 A 8.0 A A 
164 8.2 0.83 10.12 9.33 0.7 2.2 A 10.3 N W 
165 7.6 0.41 5.39 1.33 0.1 1.1 A 5.8 A A 
166 7.87 0.59 7.50 4.93 0.4 1.6 A 7.8 A A 
167 5.39 0.26 4.82 -28.13 2.1 0.8 N 5.2 A N 
168 7.54 0.15 1.99 0.53 0.0 0.5 A 2.8 A A 
169 7.8 0.24 3.08 4.00 0.3 0.7 A 3.7 A A 
170 7.2 0.4 5.56 -4.00 0.3 1.1 A 5.9 A A 
171 7.21 0.34 4.72 -3.87 0.3 1.0 A 5.1 A A 
173 7.14 0.24 3.36 -4.80 0.4 0.7 A 3.9 A A 
174 7.32 0.33 4.51 -2.40 0.2 0.9 A 4.9 A A 
175 7.13 0.45 6.31 -4.93 0.4 1.2 A 6.6 A A 
176 8.46 0.21 2.48 12.80 1.0 0.7 N 3.2 A N 
177 7.22 0.24 3.32 -3.73 0.3 0.7 A 3.9 A A 
178 7.01 0.406 5.79 -6.53 0.5 1.1 A 6.1 A A 
179 6.18 0.43 6.96 -17.60 1.3 1.2 N 7.2 A N 
181 8.01 0.21 2.62 6.80 0.5 0.7 A 3.3 A A 
183 9.43 0.72 7.64 25.73 1.9 1.9 N 7.9 A N 
184 10.55 0.23 2.18 40.67 3.1 0.7 N 3.0 A N 
185 6.52 0.52 7.98 -13.07 1.0 1.4 A 8.2 A A 
186 7.38 0.32 4.34 -1.60 0.1 0.9 A 4.8 A A 
187 5.2 0.7 13.46 -30.67 2.3 1.8 N 13.6 N N 
188 7.7 0.8 10.39 2.67 0.2 2.1 A 10.6 N W 
190 8.74 1.42 16.25 16.53 1.2 3.7 A 16.4 N N 
191 6.28 0.22 3.50 -16.27 1.2 0.7 N 4.0 A N 
192 10.1 0.7 6.93 34.67 2.6 1.8 N 7.2 A N 
193 10.2 0.4 3.92 36.00 2.7 1.1 N 4.4 A N 
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 Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
194 9.9 0.6 6.06 32.00 2.4 1.6 N 6.4 A N 
195 6.83 0.86 12.59 -8.93 0.7 2.3 A 12.7 N W 
197 14.9 0.42 2.82 98.67 7.4 1.2 N 3.5 A N 
199 7.8 0.7 8.97 4.00 0.3 1.8 A 9.2 A A 
200 7.29 0.33 4.53 -2.80 0.2 0.9 A 4.9 A A 
201 7.2 0.16 2.22 -4.00 0.3 0.6 A 3.0 A A 
202 10.038 2.178 21.70 33.84 2.5 5.6 A 21.8 N N 
206 5.36 0.1 1.87 -28.53 2.1 0.5 N 2.7 A N 
207 11.4 1.2 10.53 52.00 3.9 3.1 N 10.7 N N 
208 6.5 0.8 12.31 -13.33 1.0 2.1 A 12.5 N N 
209 6.22 0.15 2.41 -17.07 1.3 0.5 N 3.1 A N 
210 7 0.11 1.57 -6.67 0.5 0.5 N 2.5 A W 
211 7.47 0.38 5.09 -0.40 0.0 1.1 A 5.5 A A 
212 8.3 0.37 4.46 10.67 0.8 1.0 A 4.9 A A 
213 7.68 0.59 7.68 2.40 0.2 1.6 A 7.9 A A 
214 8.07 0.22 2.73 7.60 0.6 0.7 A 3.4 A A 
215 7.67 0.37 4.82 2.27 0.2 1.0 A 5.2 A A 
216 10.7 0.11 1.03 42.67 3.2 0.5 N 2.2 A N 
217 7.26 0.49 6.75 -3.20 0.2 1.3 A 7.0 A A 
218 9.858 0.234 2.37 31.44 2.4 0.7 N 3.1 A N 
219 7.04 0.25 3.55 -6.13 0.5 0.8 A 4.1 A A 
220 6.22 0.6 9.65 -17.07 1.3 1.6 A 9.9 A A 
221 7.3 0.7 9.59 -2.67 0.2 1.8 A 9.8 A A 
223 4.95 0.77 15.56 -34.00 2.6 2.0 N 15.7 N N 
224 7.72 0.33 4.27 2.93 0.2 0.9 A 4.7 A A 
225 113 34 30.09 1406.67 105.5 87.7 N 30.2 N N 
227 7.34 0.43 5.86 -2.13 0.2 1.2 A 6.2 A A 
232 10.7 0.32 2.99 42.67 3.2 0.9 N 3.6 A N 
233 7.31 0.64 8.76 -2.53 0.2 1.7 A 9.0 A A 
234 8.88 3.62 40.77 18.40 1.4 9.3 A 40.8 N N 
235 9.02 0.58 6.43 20.27 1.5 1.5 A 6.7 A A 
236 7.59 1.1 14.49 1.20 0.1 2.9 A 14.6 N W 
237 7 1.1 15.71 -6.67 0.5 2.9 A 15.8 N W 
238 7.64 0.16 2.09 1.87 0.1 0.6 A 2.9 A A 
239 5.62 0.19 3.38 -25.07 1.9 0.6 N 3.9 A N 
240 6.9 0.6 8.70 -8.00 0.6 1.6 A 8.9 A A 
241 6.1 1.1 18.03 -18.67 1.4 2.9 A 18.1 N N 
242 7.08 0.21 2.97 -5.60 0.4 0.7 A 3.6 A A 
243 7.285 0.4126 5.66 -2.87 0.2 1.1 A 6.0 A A 
244 6.09 0.249 4.09 -18.80 1.4 0.7 N 4.6 A N 
245 7.53 0.21 2.79 0.40 0.0 0.7 A 3.4 A A 
246 11.7 0.66 5.64 56.00 4.2 1.7 N 6.0 A N 
249 8.82 0.41 4.65 17.60 1.3 1.1 N 5.1 A N 
250 9.13 0.4 4.38 21.73 1.6 1.1 N 4.8 A N 
251 7.31 0.65 8.89 -2.53 0.2 1.7 A 9.1 A A 
252 5.7 0.5 8.77 -24.00 1.8 1.3 N 9.0 A N 
253 6.4 0.3 4.69 -14.67 1.1 0.9 N 5.1 A N 
254 7.45 0.36 4.83 -0.67 0.0 1.0 A 5.2 A A 
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code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
255 12.8 0.4 3.13 70.67 5.3 1.1 N 3.7 A N 
256 7.75 0.74 9.55 3.33 0.3 1.9 A 9.8 A A 
257 7.4 0.36 4.86 -1.33 0.1 1.0 A 5.3 A A 
258 8.11 0.72 8.88 8.13 0.6 1.9 A 9.1 A A 
259 5.34 0.68 12.73 -28.80 2.2 1.8 N 12.9 N N 
260 8.91 0.61 6.85 18.80 1.4 1.6 A 7.1 A A 
261 9.4 0.85 9.04 25.33 1.9 2.2 A 9.3 A A 
263 2.92 0.98 33.56 -61.07 4.6 2.6 N 33.6 N N 
264 3.71 0.17 4.58 -50.53 3.8 0.6 N 5.0 A N 
265 11.2 0.113 1.01 49.33 3.7 0.5 N 2.2 A N 
267 7 0.63 9.00 -6.67 0.5 1.7 A 9.2 A A 
268 8.59 1.03 11.99 14.53 1.1 2.7 A 12.2 N N 
269 7.6 1 13.16 1.33 0.1 2.6 A 13.3 N W 
270 6.84 0.34 4.97 -8.80 0.7 1.0 A 5.4 A A 
271 6.63 0.24 3.62 -11.60 0.9 0.7 N 4.1 A N 
272 9.36 0.27 2.88 24.80 1.9 0.8 N 3.5 A N 
273 3.8 0.2 5.26 -49.33 3.7 0.6 N 5.6 A N 
274 7.82 0.55 7.03 4.27 0.3 1.5 A 7.3 A A 
275 11.7 0.37 3.16 56.00 4.2 1.0 N 3.7 A N 
276 7.6 2 26.32 1.33 0.1 5.2 A 26.4 N W 
278 11.2 1 8.93 49.33 3.7 2.6 N 9.1 A N 
279 7.57 0.26 3.43 0.93 0.1 0.8 A 4.0 A A 
284 9.49 0.81 8.54 26.53 2.0 2.1 A 8.8 A A 
285 6.05 0.46 7.60 0.83 0.0 1.2 A 7.9 A A 
288 7.1 0.4 5.63 -5.33 0.4 1.1 A 6.0 A A 
289 6.7 0.5 7.46 -10.67 0.8 1.3 A 7.7 A A 
290 7.3 0.5 6.85 -2.67 0.2 1.3 A 7.1 A A 
292 8 0.5 6.25 6.67 0.5 1.3 A 6.6 A A 
293 8 0.5 6.25 6.67 0.5 1.3 A 6.6 A A 
294 8.29 0.33 3.98 10.53 0.8 0.9 A 4.5 A A 
295 7.81 0.6 7.68 4.13 0.3 1.6 A 7.9 A A 
296 6.8 0.5 7.35 -9.33 0.7 1.3 A 7.6 A A 
297 7.06 2.53 35.84 -5.87 0.4 6.5 A 35.9 N W 
298 7.67 0.21 2.74 2.27 0.2 0.7 A 3.4 A A 
299 6.5 1.3 20.00 -13.33 1.0 3.4 A 20.1 N N 
300 7.22 0.58 8.03 -3.73 0.3 1.5 A 8.3 A A 
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Performance evaluation of Co-60 measurement results 

Spiked water sample 04 

Target Value: 6.0 ± 0.12 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 5.56 0.57 10.25 -7.33 0.4 1.5 A 10.4 N W 
2 6.16 0.29 4.71 2.67 0.2 0.8 A 5.1 A A 
3 6.1 0.6 9.84 1.67 0.1 1.6 A 10.0 N W 
4 6 0.1 1.67 0.00 0.0 0.4 A 2.6 A A 
5 2.01 0.11 5.47 -66.50 4.0 0.4 N 5.8 A N 
6 6.11 0.24 3.93 1.83 0.1 0.7 A 4.4 A A 
7 5.86 0.15 2.56 -2.33 0.1 0.5 A 3.2 A A 
9 5.7 0.3 5.26 -5.00 0.3 0.8 A 5.6 A A 
11 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
12 6.6 0.2 3.03 10.00 0.6 0.6 A 3.6 A A 
13 5.52 0.19 3.44 -8.00 0.5 0.6 A 4.0 A A 
14 3.57 0.16 4.48 -40.50 2.4 0.5 N 4.9 A N 
15 2.85 0.78 27.37 -52.50 3.2 2.0 N 27.4 N N 

A
76%

N
18%

W
6%

1

3

5

7

9

11

[B
q/

kg
]

Laboratory code

Co-60 Water sample 04
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
16 6.16 0.12 1.95 2.67 0.2 0.4 A 2.8 A A 
17 6.54 0.28 4.28 9.00 0.5 0.8 A 4.7 A A 
18 6.06 0.1 1.65 1.00 0.1 0.4 A 2.6 A A 
19 6.087 0.054 0.89 1.45 0.1 0.3 A 2.2 A A 
20 6.12 0.08 1.31 2.00 0.1 0.4 A 2.4 A A 
21 6.22 0.66 10.61 3.67 0.2 1.7 A 10.8 N W 
22 5.95 0.07 1.18 -0.83 0.0 0.4 A 2.3 A A 
23 6.09 0.09 1.48 1.50 0.1 0.4 A 2.5 A A 
24 6.19 0.1 1.62 3.17 0.2 0.4 A 2.6 A A 
25 15.96 2.33 14.60 166.00 10.0 6.0 N 14.7 N N 
26 5.79 0.28 4.84 -3.50 0.2 0.8 A 5.2 A A 
27 6.029 0.4862 8.06 0.48 0.0 1.3 A 8.3 A A 
30 5.4 0.4 7.41 -10.00 0.6 1.1 A 7.7 A A 
31 5.5 0.4 7.27 -8.33 0.5 1.1 A 7.5 A A 
32 5.93 0.28 4.72 -1.17 0.1 0.8 A 5.1 A A 
33 6.09 0.55 9.03 1.50 0.1 1.5 A 9.3 A A 
34 6.42 0.08 1.25 7.00 0.4 0.4 N 2.4 A W 
35 6.1 0.18 2.95 1.67 0.1 0.6 A 3.6 A A 
36 6.3 0.15 2.38 5.00 0.3 0.5 A 3.1 A A 
37 6.78 0.45 6.64 13.00 0.8 1.2 A 6.9 A A 
38 4.5 0.0024 0.05 -25.00 1.5 0.3 N 2.0 A N 
39 6.2 0.3 4.84 3.33 0.2 0.8 A 5.2 A A 
40 6.18 0.33 5.34 3.00 0.2 0.9 A 5.7 A A 
41 6 0.2 3.33 0.00 0.0 0.6 A 3.9 A A 
42 6.5 0.3 4.62 8.33 0.5 0.8 A 5.0 A A 
43 3.55 0.1 2.82 -40.83 2.5 0.4 N 3.5 A N 
44 5.59 0.26 4.65 -6.83 0.4 0.7 A 5.1 A A 
45 6.23 0.24 3.85 3.83 0.2 0.7 A 4.3 A A 
46 5.4 0.22 4.07 -10.00 0.6 0.6 A 4.5 A A 
47 6.5 0.19 2.92 8.33 0.5 0.6 A 3.5 A A 
50 5.83 0.29 4.97 -2.83 0.2 0.8 A 5.4 A A 
51 5.86 0.19 3.24 -2.33 0.1 0.6 A 3.8 A A 
52 5.4 0.3 5.56 -10.00 0.6 0.8 A 5.9 A A 
53 6.1 0.3 4.92 1.67 0.1 0.8 A 5.3 A A 
54 6.31 0.51 8.08 5.17 0.3 1.4 A 8.3 A A 
55 6.29 0.38 6.04 4.83 0.3 1.0 A 6.4 A A 
56 6.2 0.3 4.84 3.33 0.2 0.8 A 5.2 A A 
57 6.04 0.36 5.96 0.67 0.0 1.0 A 6.3 A A 
58 6.13 0.25 4.08 2.17 0.1 0.7 A 4.5 A A 
59 6.37 0.12 1.88 6.17 0.4 0.4 A 2.7 A A 
60 6.32 0.19 3.01 5.33 0.3 0.6 A 3.6 A A 
61 6.29 0.13 2.07 4.83 0.3 0.5 A 2.9 A A 
62 6.14 0.17 2.77 2.33 0.1 0.5 A 3.4 A A 
63 6.07 0.16 2.64 1.17 0.1 0.5 A 3.3 A A 
64 6.6 0.509 7.71 10.00 0.6 1.3 A 8.0 A A 
65 6.22 0.14 2.25 3.67 0.2 0.5 A 3.0 A A 
68 6.1 0.2 3.28 1.67 0.1 0.6 A 3.8 A A 
70 6.4 0.7 10.94 6.67 0.4 1.8 A 11.1 N W 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
71 5.82 0.32 5.50 -3.00 0.2 0.9 A 5.9 A A 
72 5.74 0.07 1.22 -4.33 0.3 0.4 A 2.3 A A 
73 6.3 0.3 4.76 5.00 0.3 0.8 A 5.2 A A 
74 3 0.3 10.00 -50.00 3.0 0.8 N 10.2 N N 
75 6.3 0.2 3.17 5.00 0.3 0.6 A 3.8 A A 
76 5.94 0.12 2.02 -1.00 0.1 0.4 A 2.8 A A 
77 5.366 0.124 2.31 -10.57 0.6 0.4 N 3.1 A N 
78 6.94 0.133 1.92 15.67 0.9 0.5 N 2.8 A N 
79 7.5 0.8 10.67 25.00 1.5 2.1 A 10.9 N N 
80 6.2 0.3 4.84 3.33 0.2 0.8 A 5.2 A A 
81 5.75 0.28 4.87 -4.17 0.3 0.8 A 5.3 A A 
82 7.3 0.36 4.93 21.67 1.3 1.0 N 5.3 A N 
83 5.46 0.18 3.30 -9.00 0.5 0.6 A 3.9 A A 
84 6.4 0.3 4.69 6.67 0.4 0.8 A 5.1 A A 
85 3.2 0.5 15.63 -46.67 2.8 1.3 N 15.8 N N 
86 5.7 0.6 10.53 -5.00 0.3 1.6 A 10.7 N W 
87 6.3 0.11 1.75 5.00 0.3 0.4 A 2.7 A A 
88 6.2 0.2 3.23 3.33 0.2 0.6 A 3.8 A A 
89 6.49 0.13 2.00 8.17 0.5 0.5 N 2.8 A W 
90 6.11 0.22 3.60 1.83 0.1 0.6 A 4.1 A A 
91 5.7 0.5 8.77 -5.00 0.3 1.3 A 9.0 A A 
92 5.93 0.3 5.06 -1.17 0.1 0.8 A 5.4 A A 
93 5.04 0.19 3.77 -16.00 1.0 0.6 N 4.3 A N 
94 6.02 0.36 5.98 0.33 0.0 1.0 A 6.3 A A 
95 5.89 0.41 6.96 -1.83 0.1 1.1 A 7.2 A A 
96 6 0.4 6.67 0.00 0.0 1.1 A 7.0 A A 
97 6.06 0.25 4.13 1.00 0.1 0.7 A 4.6 A A 
98 5.45 0.47 8.62 -9.17 0.6 1.3 A 8.9 A A 
99 6.15 0.09 1.46 2.50 0.2 0.4 A 2.5 A A 

100 5.76 0.92 15.97 -4.00 0.2 2.4 A 16.1 N W 
101 6.04 0.32 5.30 0.67 0.0 0.9 A 5.7 A A 
105 5.49 0.39 7.10 -8.50 0.5 1.1 A 7.4 A A 
106 5.74 0.49 8.54 -4.33 0.3 1.3 A 8.8 A A 
107 6.73 0.74 11.00 12.17 0.7 1.9 A 11.2 N N 
109 6.15 0.5 8.13 2.50 0.2 1.3 A 8.4 A A 
110 6.04 0.454 7.52 0.67 0.0 1.2 A 7.8 A A 
111 6.5 0.39 6.00 8.33 0.5 1.1 A 6.3 A A 
112 5.96 0.23 3.86 -0.67 0.0 0.7 A 4.3 A A 
113 7.25 0.54 7.45 20.83 1.3 1.4 A 7.7 A A 
114 5.8 0.4 6.90 -3.33 0.2 1.1 A 7.2 A A 
115 6.3 0.5 7.94 5.00 0.3 1.3 A 8.2 A A 
118 6 0.51 8.50 0.00 0.0 1.4 A 8.7 A A 
119 6.98 0.45 6.45 16.33 1.0 1.2 A 6.8 A A 
120 5.96 0.23 3.86 -0.67 0.0 0.7 A 4.3 A A 
121 7.74 0.47 6.07 29.00 1.7 1.3 N 6.4 A N 
122 6.1 0.2 3.28 1.67 0.1 0.6 A 3.8 A A 
123 5.23 0.18 3.44 -12.83 0.8 0.6 N 4.0 A N 
124 5.97 0.213 3.57 -0.50 0.0 0.6 A 4.1 A A 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
125 5.8 0.4 6.90 -3.33 0.2 1.1 A 7.2 A A 
126 5.6 0.5 8.93 -6.67 0.4 1.3 A 9.1 A A 
127 6.03 0.35 5.80 0.50 0.0 1.0 A 6.1 A A 
128 6 0.3 5.00 0.00 0.0 0.8 A 5.4 A A 
130 6.21 0.19 3.06 3.50 0.2 0.6 A 3.7 A A 
131 5.4 0.24 4.44 -10.00 0.6 0.7 A 4.9 A A 
132 6.182 0.182 2.94 3.03 0.2 0.6 A 3.6 A A 
133 6.1 0.2 3.28 1.67 0.1 0.6 A 3.8 A A 
134 5.69 0.1 1.76 -5.17 0.3 0.4 A 2.7 A A 
136 6.717 0.318 4.73 11.95 0.7 0.9 A 5.1 A A 
137 10.85 0.745 6.87 80.83 4.9 1.9 N 7.2 A N 
138 5.85 0.36 6.15 -2.50 0.2 1.0 A 6.5 A A 
139 5.55 0.187 3.37 -7.50 0.5 0.6 A 3.9 A A 
140 6.7 0.22 3.28 11.67 0.7 0.6 N 3.8 A N 
141 7.72 0.57 7.38 28.67 1.7 1.5 N 7.6 A N 
142 5.19 0.003 0.06 -13.50 0.8 0.3 N 2.0 A N 
143 7.33 0.6 8.19 22.17 1.3 1.6 A 8.4 A A 
144 5.28 1.01 19.13 -12.00 0.7 2.6 A 19.2 N N 
145 5.05 0.3 5.94 -15.83 1.0 0.8 N 6.3 A N 
146 5.08 0.24 4.72 -15.33 0.9 0.7 N 5.1 A N 
150 2.97 0.19 6.40 -50.50 3.0 0.6 N 6.7 A N 
151 3.06 0.18 5.88 -49.00 2.9 0.6 N 6.2 A N 
152 3.1 0.2 6.45 -48.33 2.9 0.6 N 6.8 A N 
153 6.605 0.262 3.97 10.08 0.6 0.7 A 4.4 A A 
154 6.3 0.4 6.35 5.00 0.3 1.1 A 6.7 A A 
157 5.7 0.3 5.26 -5.00 0.3 0.8 A 5.6 A A 
158 6.51 0.32 4.92 8.50 0.5 0.9 A 5.3 A A 
159 5.98 0.23 3.85 -0.33 0.0 0.7 A 4.3 A A 
160 7.36 0.63 8.56 22.67 1.4 1.7 A 8.8 A A 
161 5.61 0.41 7.31 -6.50 0.4 1.1 A 7.6 A A 
162 6.07 0.25 4.12 1.17 0.1 0.7 A 4.6 A A 
163 6.02 0.3 4.98 0.33 0.0 0.8 A 5.4 A A 
164 5.89 0.31 5.26 -1.83 0.1 0.9 A 5.6 A A 
165 5.95 0.27 4.54 -0.83 0.0 0.8 A 5.0 A A 
166 6.18 0.34 5.50 3.00 0.2 0.9 A 5.9 A A 
167 6.28 0.35 5.57 4.67 0.3 1.0 A 5.9 A A 
168 5.68 0.13 2.29 -5.33 0.3 0.5 A 3.0 A A 
169 5.86 0.15 2.56 -2.33 0.1 0.5 A 3.2 A A 
170 6.3 0.3 4.76 5.00 0.3 0.8 A 5.2 A A 
171 6.75 0.31 4.59 12.50 0.8 0.9 A 5.0 A A 
172 5.9 0.3 5.08 -1.67 0.1 0.8 A 5.5 A A 
173 5.76 0.11 1.91 -4.00 0.2 0.4 A 2.8 A A 
174 6.48 0.34 5.25 8.00 0.5 0.9 A 5.6 A A 
175 6 0.31 5.17 0.00 0.0 0.9 A 5.5 A A 
176 6.56 0.17 2.59 9.33 0.6 0.5 N 3.3 A W 
177 6.05 0.13 2.15 0.83 0.0 0.5 A 2.9 A A 
178 6.99 0.252 3.61 16.50 1.0 0.7 N 4.1 A N 
179 5.33 0.26 4.88 -11.17 0.7 0.7 A 5.3 A A 
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181 6.25 0.1 1.60 4.17 0.3 0.4 A 2.6 A A 
182 5.7 0.4 7.02 -5.00 0.3 1.1 A 7.3 A A 
183 5.69 0.2 3.51 -5.17 0.3 0.6 A 4.0 A A 
184 5.92 0.26 4.39 -1.33 0.1 0.7 A 4.8 A A 
185 5.9 0.35 5.93 -1.67 0.1 1.0 A 6.3 A A 
186 6.2 0.28 4.52 3.33 0.2 0.8 A 4.9 A A 
187 5.6 0.5 8.93 -6.67 0.4 1.3 A 9.1 A A 
188 5.3 0.27 5.09 -11.67 0.7 0.8 A 5.5 A A 
190 5.75 0.74 12.87 -4.17 0.3 1.9 A 13.0 N W 
191 5.86 0.2 3.41 -2.33 0.1 0.6 A 4.0 A A 
192 6.3 0.3 4.76 5.00 0.3 0.8 A 5.2 A A 
193 6.4 0.3 4.69 6.67 0.4 0.8 A 5.1 A A 
194 6.3 0.2 3.17 5.00 0.3 0.6 A 3.8 A A 
195 6.62 0.21 3.17 10.33 0.6 0.6 A 3.8 A A 
197 11.2 0.28 2.50 86.67 5.2 0.8 N 3.2 A N 
199 5.7 0.4 7.02 -5.00 0.3 1.1 A 7.3 A A 
200 5.75 0.17 2.96 -4.17 0.3 0.5 A 3.6 A A 
201 6.82 0.11 1.61 13.67 0.8 0.4 N 2.6 A N 
202 6.32 0.457 7.23 5.33 0.3 1.2 A 7.5 A A 
204 5.5 0.9 16.36 -8.33 0.5 2.3 A 16.5 N W 
205 4.54 0.31 6.83 -24.33 1.5 0.9 N 7.1 A N 
206 2.69 0.17 6.32 -55.17 3.3 0.5 N 6.6 A N 
207 6.76 0.45 6.66 12.67 0.8 1.2 A 7.0 A A 
208 6.9 0.8 11.59 15.00 0.9 2.1 A 11.8 N N 
209 7.03 0.35 4.98 17.17 1.0 1.0 N 5.4 A N 
210 5.8 0.09 1.55 -3.33 0.2 0.4 A 2.5 A A 
211 6.17 0.19 3.08 2.83 0.2 0.6 A 3.7 A A 
212 6.3 0.21 3.33 5.00 0.3 0.6 A 3.9 A A 
213 6.16 0.15 2.44 2.67 0.2 0.5 A 3.2 A A 
214 6.02 0.17 2.82 0.33 0.0 0.5 A 3.5 A A 
215 6.08 0.23 3.78 1.33 0.1 0.7 A 4.3 A A 
216 6.29 0.29 4.61 4.83 0.3 0.8 A 5.0 A A 
217 5.66 0.18 3.18 -5.67 0.3 0.6 A 3.8 A A 
218 6.048 0.163 2.70 0.80 0.0 0.5 A 3.4 A A 
219 5.37 0.16 2.98 -10.50 0.6 0.5 N 3.6 A N 
220 6.01 0.33 5.49 0.17 0.0 0.9 A 5.8 A A 
221 6 0.45 7.50 0.00 0.0 1.2 A 7.8 A A 
223 5.57 0.64 11.49 -7.17 0.4 1.7 A 11.7 N W 
224 5.93 0.46 7.76 -1.17 0.1 1.2 A 8.0 A A 
225 258 67 25.97 4200.00 252.0 172.9 N 26.0 N N 
226 8 1.1 13.75 33.33 2.0 2.9 A 13.9 N N 
227 5.84 0.17 2.91 -2.67 0.2 0.5 A 3.5 A A 
232 5.77 0.17 2.95 -3.83 0.2 0.5 A 3.6 A A 
233 5.39 0.45 8.35 -10.17 0.6 1.2 A 8.6 A A 
234 8.18 1.36 16.63 36.33 2.2 3.5 A 16.7 N N 
235 6.67 0.82 12.29 11.17 0.7 2.1 A 12.5 N N 
236 6.17 0.51 8.27 2.83 0.2 1.4 A 8.5 A A 
237 6 0.4 6.67 0.00 0.0 1.1 A 7.0 A A 
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238 5.96 0.13 2.18 -0.67 0.0 0.5 A 3.0 A A 
239 4.32 0.17 3.94 -28.00 1.7 0.5 N 4.4 A N 
240 5.8 0.4 6.90 -3.33 0.2 1.1 A 7.2 A A 
241 5.5 0.5 9.09 -8.33 0.5 1.3 A 9.3 A A 
242 6.3 0.14 2.22 5.00 0.3 0.5 A 3.0 A A 
243 6.057 0.3372 5.57 0.95 0.1 0.9 A 5.9 A A 
244 5.83 0.208 3.57 -2.83 0.2 0.6 A 4.1 A A 
245 6.1 0.1 1.64 1.67 0.1 0.4 A 2.6 A A 
246 5.68 0.37 6.51 -5.33 0.3 1.0 A 6.8 A A 
249 5.18 0.21 4.05 -13.67 0.8 0.6 N 4.5 A N 
250 5 0.21 4.20 -16.67 1.0 0.6 N 4.7 A N 
251 5.91 0.41 6.94 -1.50 0.1 1.1 A 7.2 A A 
252 6 0.2 3.33 0.00 0.0 0.6 A 3.9 A A 
253 5.9 0.3 5.08 -1.67 0.1 0.8 A 5.5 A A 
254 4.51 0.16 3.55 -24.83 1.5 0.5 N 4.1 A N 
255 5.88 0.24 4.08 -2.00 0.1 0.7 A 4.5 A A 
256 5.69 0.58 10.19 -5.17 0.3 1.5 A 10.4 N W 
257 5.39 0.37 6.86 -10.17 0.6 1.0 A 7.1 A A 
258 6.28 0.36 5.73 4.67 0.3 1.0 A 6.1 A A 
259 6.05 0.08 1.32 0.83 0.0 0.4 A 2.4 A A 
260 6.73 0.47 6.98 12.17 0.7 1.3 A 7.3 A A 
261 7 0.5 7.14 16.67 1.0 1.3 A 7.4 A A 
263 1.91 0.19 9.95 -68.17 4.1 0.6 N 10.1 N N 
264 2.11 0.134 6.35 -64.83 3.9 0.5 N 6.7 A N 
265 6.02 0.057 0.95 0.33 0.0 0.3 A 2.2 A A 
267 6.27 0.29 4.63 4.50 0.3 0.8 A 5.0 A A 
268 5.84 0.16 2.74 -2.67 0.2 0.5 A 3.4 A A 
269 6.1 0.6 9.84 1.67 0.1 1.6 A 10.0 N W 
270 6.35 0.31 4.88 5.83 0.4 0.9 A 5.3 A A 
271 6 0.14 2.33 0.00 0.0 0.5 A 3.1 A A 
272 5.94 0.32 5.39 -1.00 0.1 0.9 A 5.7 A A 
274 5.99 0.21 3.51 -0.17 0.0 0.6 A 4.0 A A 
275 6.39 0.17 2.66 6.50 0.4 0.5 A 3.3 A A 
276 5.9 0.5 8.47 -1.67 0.1 1.3 A 8.7 A A 
278 6.12 0.67 10.95 2.00 0.1 1.8 A 11.1 N W 
279 6.07 0.16 2.64 1.17 0.1 0.5 A 3.3 A A 
283 4.78 0.26 5.44 -20.33 1.2 0.7 N 5.8 A N 
284 5.96 0.46 7.72 -0.67 0.0 1.2 A 8.0 A A 
285 6.05 0.46 7.60 0.83 0.0 1.2 A 7.9 A A 
286 11.64 0.26 2.23 94.00 5.6 0.7 N 3.0 A N 
288 6.1 0.1 1.64 1.67 0.1 0.4 A 2.6 A A 
289 6.36 0.29 4.56 6.00 0.4 0.8 A 5.0 A A 
290 5.9 0.5 8.47 -1.67 0.1 1.3 A 8.7 A A 
292 6.4 0.4 6.25 6.67 0.4 1.1 A 6.6 A A 
293 6.4 0.4 6.25 6.67 0.4 1.1 A 6.6 A A 
294 6.43 0.22 3.42 7.17 0.4 0.6 A 4.0 A A 
295 6.02 0.15 2.49 0.33 0.0 0.5 A 3.2 A A 
296 6.6 0.3 4.55 10.00 0.6 0.8 A 5.0 A A 
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297 4.81 0.49 10.19 -19.83 1.2 1.3 A 10.4 N N 
298 6.228 0.121 1.94 3.80 0.2 0.4 A 2.8 A A 
299 5.9 1.1 18.64 -1.67 0.1 2.9 A 18.8 N W 
300 6.18 0.49 7.93 3.00 0.2 1.3 A 8.2 A A 
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Performance evaluation of Cs-134 measurement results 

Spiked water sample 04 

Target Value: 13.9 ± 0.28 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 11.25 0.92 8.18 -19.06 2.7 2.5 N 8.4 A N 
2 14.26 0.39 2.73 2.59 0.4 1.2 A 3.4 A A 
3 14 2 14.29 0.72 0.1 5.2 A 14.4 N W 
4 14.6 0.4 2.74 5.04 0.7 1.3 A 3.4 A A 
5 4.51 0.36 7.98 -67.55 9.4 1.2 N 8.2 A N 
6 13.04 0.47 3.60 -6.19 0.9 1.4 A 4.1 A A 
7 14.27 0.44 3.08 2.66 0.4 1.3 A 3.7 A A 
9 12.4 0.5 4.03 -10.79 1.5 1.5 N 4.5 A N 
11 12.3 0.6 4.88 -11.51 1.6 1.7 A 5.3 A A 
12 13.1 0.4 3.05 -5.76 0.8 1.3 A 3.7 A A 
13 9.77 0.35 3.58 -29.71 4.1 1.2 N 4.1 A N 
14 8.64 0.59 6.83 -37.84 5.3 1.7 N 7.1 A N 
15 6.57 0.72 10.96 -52.73 7.3 2.0 N 11.1 N N 

W
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A
63%
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Laboratory code

Cs-134 Water sample 04
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16 13.9 0.4 2.88 0.00 0.0 1.3 A 3.5 A A 
17 13.2 0.6 4.55 -5.04 0.7 1.7 A 5.0 A A 
18 13.85 0.28 2.02 -0.36 0.1 1.0 A 2.8 A A 
19 12.085 0.074 0.61 -13.06 1.8 0.7 N 2.1 A N 
20 13.93 0.35 2.51 0.22 0.0 1.2 A 3.2 A A 
21 12.83 1.5 11.69 -7.70 1.1 3.9 A 11.9 N W 
22 13.51 0.11 0.81 -2.81 0.4 0.8 A 2.2 A A 
23 13.9 0.89 6.40 0.00 0.0 2.4 A 6.7 A A 
24 12.79 0.24 1.88 -7.99 1.1 0.9 N 2.7 A W 
25 14.86 1.21 8.14 6.91 1.0 3.2 A 8.4 A A 
26 11.75 0.83 7.06 -15.47 2.2 2.3 A 7.3 A A 
27 12.78 0.6949 5.44 -8.06 1.1 1.9 A 5.8 A A 
29 12.4 0.3 2.42 -10.79 1.5 1.1 N 3.1 A N 
30 12.5 0.6 4.80 -10.07 1.4 1.7 A 5.2 A A 
31 13 1 7.69 -6.47 0.9 2.7 A 7.9 A A 
32 12.7 0.4 3.15 -8.63 1.2 1.3 A 3.7 A A 
33 14.64 1.06 7.24 5.32 0.7 2.8 A 7.5 A A 
34 11.86 0.68 5.73 -14.68 2.0 1.9 N 6.1 A N 
35 16 0.71 4.44 15.11 2.1 2.0 N 4.9 A N 
36 12.65 0.28 2.21 -8.99 1.3 1.0 N 3.0 A W 
37 14.19 0.86 6.06 2.09 0.3 2.3 A 6.4 A A 
38 14.2 0.0011 0.01 2.16 0.3 0.7 A 2.0 A A 
39 12.9 0.4 3.10 -7.19 1.0 1.3 A 3.7 A A 
40 14.2 0.89 6.27 2.16 0.3 2.4 A 6.6 A A 
41 13.4 0.3 2.24 -3.60 0.5 1.1 A 3.0 A A 
42 13 0.6 4.62 -6.47 0.9 1.7 A 5.0 A A 
43 7.56 0.26 3.44 -45.61 6.3 1.0 N 4.0 A N 
44 12.85 0.45 3.50 -7.55 1.1 1.4 A 4.0 A A 
45 13.17 0.51 3.87 -5.25 0.7 1.5 A 4.4 A A 
46 12.2 0.38 3.11 -12.23 1.7 1.2 N 3.7 A N 
47 13.23 0.25 1.89 -4.82 0.7 1.0 A 2.8 A A 
50 13.16 0.66 5.02 -5.32 0.7 1.8 A 5.4 A A 
51 12.9 0.3 2.33 -7.19 1.0 1.1 A 3.1 A A 
52 11.5 1.2 10.43 -17.27 2.4 3.2 A 10.6 N N 
53 13.6 0.5 3.68 -2.16 0.3 1.5 A 4.2 A A 
54 13.51 1.08 7.99 -2.81 0.4 2.9 A 8.2 A A 
55 14.26 0.79 5.54 2.59 0.4 2.2 A 5.9 A A 
56 14.1 0.7 4.96 1.44 0.2 1.9 A 5.4 A A 
57 13.1 0.7 5.34 -5.76 0.8 1.9 A 5.7 A A 
58 13.9 0.6 4.32 0.00 0.0 1.7 A 4.8 A A 
59 14 0.3 2.14 0.72 0.1 1.1 A 2.9 A A 
60 13.7 0.3 2.19 -1.44 0.2 1.1 A 3.0 A A 
61 14.18 0.26 1.83 2.01 0.3 1.0 A 2.7 A A 
62 13.7 0.36 2.63 -1.44 0.2 1.2 A 3.3 A A 
63 13.66 0.33 2.42 -1.73 0.2 1.1 A 3.1 A A 
64 13.5 1.04 7.70 -2.88 0.4 2.8 A 8.0 A A 
65 13.8 0.39 2.83 -0.72 0.1 1.2 A 3.5 A A 
68 12.7 0.4 3.15 -8.63 1.2 1.3 A 3.7 A A 
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70 12.5 1.3 10.40 -10.07 1.4 3.4 A 10.6 N N 
71 11.82 0.39 3.30 -14.96 2.1 1.2 N 3.9 A N 
72 11.54 0.25 2.17 -16.98 2.4 1.0 N 2.9 A N 
74 6.9 0.3 4.35 -50.36 7.0 1.1 N 4.8 A N 
75 12.9 0.3 2.33 -7.19 1.0 1.1 A 3.1 A A 
76 12.73 0.18 1.41 -8.42 1.2 0.9 N 2.4 A W 
77 12.78 0.59 4.62 -8.06 1.1 1.7 A 5.0 A A 
78 13.4 0.189 1.41 -3.60 0.5 0.9 A 2.4 A A 
79 13 1 7.69 -6.47 0.9 2.7 A 7.9 A A 
80 13 0.9 6.92 -6.47 0.9 2.4 A 7.2 A A 
81 11.8 0.43 3.64 -15.11 2.1 1.3 N 4.2 A N 
82 15.5 0.46 2.97 11.51 1.6 1.4 N 3.6 A N 
83 11.25 0.3 2.67 -19.06 2.7 1.1 N 3.3 A N 
84 13.3 0.5 3.76 -4.32 0.6 1.5 A 4.3 A A 
85 8 1.1 13.75 -42.45 5.9 2.9 N 13.9 N N 
86 12 1.4 11.67 -13.67 1.9 3.7 A 11.8 N N 
87 13.1 0.3 2.29 -5.76 0.8 1.1 A 3.0 A A 
88 13.1 0.5 3.82 -5.76 0.8 1.5 A 4.3 A A 
89 12.8 0.24 1.88 -7.91 1.1 0.9 N 2.7 A W 
90 11.6 1.15 9.91 -16.55 2.3 3.1 A 10.1 N N 
91 12.8 1 7.81 -7.91 1.1 2.7 A 8.1 A A 
92 12.95 0.66 5.10 -6.83 1.0 1.8 A 5.5 A A 
93 12.09 0.24 1.99 -13.02 1.8 0.9 N 2.8 A N 
94 13 0.7 5.38 -6.47 0.9 1.9 A 5.7 A A 
95 13.9 0.95 6.83 0.00 0.0 2.6 A 7.1 A A 
96 12.7 0.8 6.30 -8.63 1.2 2.2 A 6.6 A A 
97 12.74 0.49 3.85 -8.35 1.2 1.5 A 4.3 A A 
98 11.95 0.99 8.28 -14.03 2.0 2.7 A 8.5 A A 
99 14.05 0.26 1.85 1.08 0.2 1.0 A 2.7 A A 

100 11 1.2 10.91 -20.86 2.9 3.2 A 11.1 N N 
101 13.1 0.7 5.34 -5.76 0.8 1.9 A 5.7 A A 
105 12.6 0.59 4.68 -9.35 1.3 1.7 A 5.1 A A 
106 12.74 0.75 5.89 -8.35 1.2 2.1 A 6.2 A A 
107 14.66 1.08 7.37 5.47 0.8 2.9 A 7.6 A A 
109 12.2 0.78 6.39 -12.23 1.7 2.1 A 6.7 A A 
110 15.3 1.15 7.52 10.07 1.4 3.1 A 7.8 A A 
111 14.53 0.8 5.51 4.53 0.6 2.2 A 5.9 A A 
112 12.6 0.44 3.49 -9.35 1.3 1.3 A 4.0 A A 
113 15.86 0.98 6.18 14.10 2.0 2.6 A 6.5 A A 
114 14.1 0.8 5.67 1.44 0.2 2.2 A 6.0 A A 
115 13 0.7 5.38 -6.47 0.9 1.9 A 5.7 A A 
118 14.2 0.27 1.90 2.16 0.3 1.0 A 2.8 A A 
119 14.81 0.9 6.08 6.55 0.9 2.4 A 6.4 A A 
120 12.6 0.44 3.49 -9.35 1.3 1.3 A 4.0 A A 
121 15.99 0.66 4.13 15.04 2.1 1.8 N 4.6 A N 
122 13.15 0.5 3.80 -5.40 0.8 1.5 A 4.3 A A 
123 12.13 0.27 2.23 -12.73 1.8 1.0 N 3.0 A N 
124 11.95 0.34 2.85 -14.03 2.0 1.1 N 3.5 A N 
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125 12.3 0.4 3.25 -11.51 1.6 1.3 N 3.8 A N 
126 11.1 1.1 9.91 -20.14 2.8 2.9 A 10.1 N N 
127 12 0.43 3.58 -13.67 1.9 1.3 N 4.1 A N 
128 13.6 0.6 4.41 -2.16 0.3 1.7 A 4.8 A A 
130 12.6 0.3 2.38 -9.35 1.3 1.1 N 3.1 A W 
131 11.82 0.36 3.05 -14.96 2.1 1.2 N 3.6 A N 
132 14.25 0.328 2.30 2.52 0.4 1.1 A 3.0 A A 
133 14.3 0.4 2.80 2.88 0.4 1.3 A 3.4 A A 
134 13.8 0.22 1.59 -0.72 0.1 0.9 A 2.6 A A 
136 12.14 0.23 1.89 -12.66 1.8 0.9 N 2.8 A N 
137 20.03 1.94 9.69 44.10 6.1 5.1 N 9.9 A N 
138 13.18 0.66 5.01 -5.18 0.7 1.8 A 5.4 A A 
139 11.9 0.273 2.29 -14.39 2.0 1.0 N 3.0 A N 
140 14.2 0.44 3.10 2.16 0.3 1.3 A 3.7 A A 
141 15.99 0.68 4.25 15.04 2.1 1.9 N 4.7 A N 
142 9.61 0.005 0.05 -30.86 4.3 0.7 N 2.0 A N 
143 12.75 0.7 5.49 -8.27 1.2 1.9 A 5.8 A A 
144 8.51 0.9 10.58 -38.78 5.4 2.4 N 10.8 N N 
145 13.29 0.43 3.24 -4.39 0.6 1.3 A 3.8 A A 
146 10.06 0.32 3.18 -27.63 3.8 1.1 N 3.8 A N 
150 6.98 0.35 5.01 -49.78 6.9 1.2 N 5.4 A N 
151 6.55 0.36 5.50 -52.88 7.4 1.2 N 5.8 A N 
152 6.6 0.4 6.06 -52.52 7.3 1.3 N 6.4 A N 
153 13.584 0.915 6.74 -2.27 0.3 2.5 A 7.0 A A 
154 13.2 0.8 6.06 -5.04 0.7 2.2 A 6.4 A A 
157 12.9 0.6 4.65 -7.19 1.0 1.7 A 5.1 A A 
158 13.46 0.62 4.61 -3.17 0.4 1.8 A 5.0 A A 
159 13 0.2 1.54 -6.47 0.9 0.9 N 2.5 A W 
160 12.64 0.58 4.59 -9.06 1.3 1.7 A 5.0 A A 
161 11.37 0.95 8.36 -18.20 2.5 2.6 A 8.6 A A 
162 12.88 0.37 2.87 -7.34 1.0 1.2 A 3.5 A A 
163 15.07 0.71 4.71 8.42 1.2 2.0 A 5.1 A A 
164 12.87 0.6 4.66 -7.41 1.0 1.7 A 5.1 A A 
165 13.3 0.6 4.51 -4.32 0.6 1.7 A 4.9 A A 
166 13.08 0.69 5.28 -5.90 0.8 1.9 A 5.6 A A 
167 10.22 0.36 3.52 -26.47 3.7 1.2 N 4.1 A N 
168 11.94 0.15 1.26 -14.10 2.0 0.8 N 2.4 A N 
169 14.22 0.25 1.76 2.30 0.3 1.0 A 2.7 A A 
170 13.3 0.4 3.01 -4.32 0.6 1.3 A 3.6 A A 
171 14.29 0.35 2.45 2.81 0.4 1.2 A 3.2 A A 
172 14 0.3 2.14 0.72 0.1 1.1 A 2.9 A A 
173 11.46 0.18 1.57 -17.55 2.4 0.9 N 2.5 A N 
174 13.97 0.55 3.94 0.50 0.1 1.6 A 4.4 A A 
175 13.4 0.67 5.00 -3.60 0.5 1.9 A 5.4 A A 
177 14.5 0.3 2.07 4.32 0.6 1.1 A 2.9 A A 
178 15.06 0.575 3.82 8.35 1.2 1.6 A 4.3 A A 
179 11.8 0.2 1.69 -15.11 2.1 0.9 N 2.6 A N 
181 13 0.14 1.08 -6.47 0.9 0.8 N 2.3 A W 

203



 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
182 13.1 0.3 2.29 -5.76 0.8 1.1 A 3.0 A A 
183 12.74 0.46 3.61 -8.35 1.2 1.4 A 4.1 A A 
184 11.29 0.33 2.92 -18.78 2.6 1.1 N 3.5 A N 
185 13.5 1.08 8.00 -2.88 0.4 2.9 A 8.2 A A 
186 13.84 0.48 3.47 -0.43 0.1 1.4 A 4.0 A A 
187 11.6 1.5 12.93 -16.55 2.3 3.9 A 13.1 N N 
188 12.2 0.9 7.38 -12.23 1.7 2.4 A 7.6 A A 
190 12.27 1.42 11.57 -11.73 1.6 3.7 A 11.7 N N 
191 12.22 0.41 3.36 -12.09 1.7 1.3 N 3.9 A N 
192 14.1 0.2 1.42 1.44 0.2 0.9 A 2.5 A A 
193 14.2 0.6 4.23 2.16 0.3 1.7 A 4.7 A A 
194 14.1 0.3 2.13 1.44 0.2 1.1 A 2.9 A A 
195 13.27 0.36 2.71 -4.53 0.6 1.2 A 3.4 A A 
197 23 0.88 3.83 65.47 9.1 2.4 N 4.3 A N 
199 13.7 0.6 4.38 -1.44 0.2 1.7 A 4.8 A A 
200 12.96 0.43 3.32 -6.76 0.9 1.3 A 3.9 A A 
201 15.28 0.16 1.05 9.93 1.4 0.8 N 2.3 A W 
202 14.778 0.739 5.00 6.32 0.9 2.0 A 5.4 A A 
204 9.4 0.7 7.45 -32.37 4.5 1.9 N 7.7 A N 
206 3.24 0.2 6.17 -76.69 10.7 0.9 N 6.5 A N 
207 14.76 0.73 4.95 6.19 0.9 2.0 A 5.3 A A 
208 12.4 1.3 10.48 -10.79 1.5 3.4 A 10.7 N N 
209 13.02 0.42 3.23 -6.33 0.9 1.3 A 3.8 A A 
210 12 0.12 1.00 -13.67 1.9 0.8 N 2.2 A N 
211 13.47 0.68 5.05 -3.09 0.4 1.9 A 5.4 A A 
212 12.63 0.39 3.09 -9.14 1.3 1.2 N 3.7 A W 
213 13.16 0.2 1.52 -5.32 0.7 0.9 A 2.5 A A 
214 12.66 0.33 2.61 -8.92 1.2 1.1 N 3.3 A W 
215 12.45 0.37 2.97 -10.43 1.5 1.2 N 3.6 A N 
216 14.1 0.58 4.11 1.44 0.2 1.7 A 4.6 A A 
217 12.76 0.38 2.98 -8.20 1.1 1.2 A 3.6 A A 
218 14.094 0.185 1.31 1.40 0.2 0.9 A 2.4 A A 
219 12.1 0.5 4.13 -12.95 1.8 1.5 N 4.6 A N 
220 13.58 0.33 2.43 -2.30 0.3 1.1 A 3.1 A A 
221 13.01 0.58 4.46 -6.40 0.9 1.7 A 4.9 A A 
223 9.15 0.99 10.82 -34.17 4.8 2.7 N 11.0 N N 
224 13.44 0.43 3.20 -3.31 0.5 1.3 A 3.8 A A 
225 40 5 12.50 187.77 26.1 12.9 N 12.7 N N 
226 14.6 1 6.85 5.04 0.7 2.7 A 7.1 A A 
227 12.24 0.28 2.29 -11.94 1.7 1.0 N 3.0 A N 
230 14.51 1.83 12.61 4.39 0.6 4.8 A 12.8 N W 
232 12.8 0.4 3.13 -7.91 1.1 1.3 A 3.7 A A 
233 12.4 1.1 8.87 -10.79 1.5 2.9 A 9.1 A A 
234 12.1 1.37 11.32 -12.95 1.8 3.6 A 11.5 N N 
235 11.96 0.96 8.03 -13.96 1.9 2.6 A 8.3 A A 
236 13.2 0.9 6.82 -5.04 0.7 2.4 A 7.1 A A 
237 13.3 0.4 3.01 -4.32 0.6 1.3 A 3.6 A A 
238 13.26 0.27 2.04 -4.60 0.6 1.0 A 2.9 A A 
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239 9.83 0.3 3.05 -29.28 4.1 1.1 N 3.6 A N 
240 12.8 0.8 6.25 -7.91 1.1 2.2 A 6.6 A A 
241 12.1 1.1 9.09 -12.95 1.8 2.9 A 9.3 A A 
242 13.43 0.16 1.19 -3.38 0.5 0.8 A 2.3 A A 
243 12.55 0.6521 5.20 -9.71 1.4 1.8 A 5.6 A A 
244 12.5 0.407 3.26 -10.07 1.4 1.3 N 3.8 A N 
245 11.9 0.18 1.51 -14.39 2.0 0.9 N 2.5 A N 
246 13.2 0.49 3.71 -5.04 0.7 1.5 A 4.2 A A 
249 11.93 0.36 3.02 -14.17 2.0 1.2 N 3.6 A N 
250 12.68 0.38 3.00 -8.78 1.2 1.2 N 3.6 A W 
251 14.16 1.11 7.84 1.87 0.3 3.0 A 8.1 A A 
252 12.6 0.3 2.38 -9.35 1.3 1.1 N 3.1 A W 
253 12.5 0.5 4.00 -10.07 1.4 1.5 A 4.5 A A 
254 12.73 0.45 3.53 -8.42 1.2 1.4 A 4.1 A A 
255 14.2 0.6 4.23 2.16 0.3 1.7 A 4.7 A A 
256 13 1.3 10.00 -6.47 0.9 3.4 A 10.2 N W 
257 13.73 0.64 4.66 -1.22 0.2 1.8 A 5.1 A A 
258 13.22 0.64 4.84 -4.89 0.7 1.8 A 5.2 A A 
259 11 0.1 0.91 -20.86 2.9 0.8 N 2.2 A N 
260 14 0.85 6.07 0.72 0.1 2.3 A 6.4 A A 
261 14 1 7.14 0.72 0.1 2.7 A 7.4 A A 
263 4.1 0.35 8.54 -70.50 9.8 1.2 N 8.8 A N 
264 4.86 0.262 5.39 -65.04 9.0 1.0 N 5.7 A N 
265 14.1 0.151 1.07 1.44 0.2 0.8 A 2.3 A A 
267 11.8 0.63 5.34 -15.11 2.1 1.8 N 5.7 A N 
268 13.59 1.02 7.51 -2.23 0.3 2.7 A 7.8 A A 
269 13 0.8 6.15 -6.47 0.9 2.2 A 6.5 A A 
270 12.7 0.42 3.31 -8.63 1.2 1.3 A 3.9 A A 
271 11.64 0.17 1.46 -16.26 2.3 0.8 N 2.5 A N 
272 12.4 0.21 1.69 -10.79 1.5 0.9 N 2.6 A N 
273 2.2 0.3 13.64 -84.17 11.7 1.1 N 13.8 N N 
274 13.5 0.5 3.70 -2.88 0.4 1.5 A 4.2 A A 
275 13.13 0.3 2.28 -5.54 0.8 1.1 A 3.0 A A 
276 11.9 1 8.40 -14.39 2.0 2.7 A 8.6 A A 
278 13.4 1.1 8.21 -3.60 0.5 2.9 A 8.4 A A 
279 11.6 0.2 1.72 -16.55 2.3 0.9 N 2.6 A N 
283 9.27 0.31 3.34 -33.31 4.6 1.1 N 3.9 A N 
284 12.42 0.89 7.17 -10.65 1.5 2.4 A 7.4 A A 
285 12.68 0.94 7.41 -8.78 1.2 2.5 A 7.7 A A 
286 20.55 0.67 3.26 47.84 6.7 1.9 N 3.8 A N 
288 12.6 0.6 4.76 -9.35 1.3 1.7 A 5.2 A A 
289 13.9 0.5 3.60 0.00 0.0 1.5 A 4.1 A A 
290 12.4 0.8 6.45 -10.79 1.5 2.2 A 6.8 A A 
292 12.8 0.7 5.47 -7.91 1.1 1.9 A 5.8 A A 
293 12.8 0.7 5.47 -7.91 1.1 1.9 A 5.8 A A 
294 13.7 0.4 2.92 -1.44 0.2 1.3 A 3.5 A A 
295 12.81 0.3 2.34 -7.84 1.1 1.1 N 3.1 A W 
296 12.9 0.3 2.33 -7.19 1.0 1.1 A 3.1 A A 
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Score 
297 12.5 0.53 4.24 -10.07 1.4 1.5 A 4.7 A A 
298 12.83 0.14 1.09 -7.70 1.1 0.8 N 2.3 A W 
299 12.7 1.3 10.24 -8.63 1.2 3.4 A 10.4 N W 
300 14.1 1.1 7.80 1.44 0.2 2.9 A 8.1 A A 
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Performance evaluation of Cs-137 measurement results 

Spiked water sample 04 

Target Value: 9.5 ± 0.19 [Bq/kg] 

  

 
 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 8.91 0.75 8.42 -6.21 0.6 2.0 A 8.7 A A 
2 9.4 0.33 3.51 -1.05 0.1 1.0 A 4.0 A A 
3 9.6 1 10.42 1.05 0.1 2.6 A 10.6 N W 
4 9.5 0.2 2.11 0.00 0.0 0.7 A 2.9 A A 
5 3.24 0.22 6.79 -65.89 6.3 0.7 N 7.1 A N 
6 10.18 0.43 4.22 7.16 0.7 1.2 A 4.7 A A 
7 9.34 0.31 3.32 -1.68 0.2 0.9 A 3.9 A A 
9 9.4 0.4 4.26 -1.05 0.1 1.1 A 4.7 A A 
11 9.8 0.5 5.10 3.16 0.3 1.4 A 5.5 A A 
12 10.3 0.4 3.88 8.42 0.8 1.1 A 4.4 A A 
13 8.71 0.29 3.33 -8.32 0.8 0.9 A 3.9 A A 
14 7.33 0.39 5.32 -22.84 2.2 1.1 N 5.7 A N 
15 5.66 1.11 19.61 -40.42 3.8 2.9 N 19.7 N N 

A
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N
16%

W
6%
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3

5
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]

Laboratory code

Cs-137 Water sample 04
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Score 
16 9.85 0.15 1.52 3.68 0.4 0.6 A 2.5 A A 
17 10.32 0.46 4.46 8.63 0.8 1.3 A 4.9 A A 
18 9.34 0.1 1.07 -1.68 0.2 0.6 A 2.3 A A 
19 9.564 0.105 1.10 0.67 0.1 0.6 A 2.3 A A 
20 9.65 0.14 1.45 1.58 0.2 0.6 A 2.5 A A 
21 10.21 1.12 10.97 7.47 0.7 2.9 A 11.2 N W 
22 9.65 0.08 0.83 1.58 0.2 0.5 A 2.2 A A 
23 9.88 0.12 1.21 4.00 0.4 0.6 A 2.3 A A 
24 9.9 0.2 2.02 4.21 0.4 0.7 A 2.8 A A 
25 5.24 0.42 8.02 -44.84 4.3 1.2 N 8.3 A N 
26 9.02 0.46 5.10 -5.05 0.5 1.3 A 5.5 A A 
27 9.222 0.6926 7.51 -2.93 0.3 1.9 A 7.8 A A 
29 9 0.4 4.44 -5.26 0.5 1.1 A 4.9 A A 
30 9.8 0.6 6.12 3.16 0.3 1.6 A 6.4 A A 
31 10 1 10.00 5.26 0.5 2.6 A 10.2 N W 
32 10.1 0.5 4.95 6.32 0.6 1.4 A 5.3 A A 
33 9.58 0.59 6.16 0.84 0.1 1.6 A 6.5 A A 
34 9.83 0.43 4.37 3.47 0.3 1.2 A 4.8 A A 
35 9.4 0.35 3.72 -1.05 0.1 1.0 A 4.2 A A 
36 9.92 0.24 2.42 4.42 0.4 0.8 A 3.1 A A 
37 10.48 0.42 4.01 10.32 1.0 1.2 A 4.5 A A 
38 9.3 0.0018 0.02 -2.11 0.2 0.5 A 2.0 A A 
39 9.1 0.5 5.49 -4.21 0.4 1.4 A 5.8 A A 
40 9.82 0.52 5.30 3.37 0.3 1.4 A 5.7 A A 
41 9.5 0.5 5.26 0.00 0.0 1.4 A 5.6 A A 
42 8.9 0.4 4.49 -6.32 0.6 1.1 A 4.9 A A 
43 5.91 0.24 4.06 -37.79 3.6 0.8 N 4.5 A N 
44 9.33 0.49 5.25 -1.79 0.2 1.4 A 5.6 A A 
45 9.21 0.3 3.26 -3.05 0.3 0.9 A 3.8 A A 
46 9.4 0.51 5.43 -1.05 0.1 1.4 A 5.8 A A 
47 9.87 0.32 3.24 3.89 0.4 1.0 A 3.8 A A 
50 9.07 0.68 7.50 -4.53 0.4 1.8 A 7.8 A A 
51 9.26 0.36 3.89 -2.53 0.2 1.1 A 4.4 A A 
52 9.05 0.68 7.51 -4.74 0.4 1.8 A 7.8 A A 
53 9.4 0.5 5.32 -1.05 0.1 1.4 A 5.7 A A 
54 10.45 0.84 8.04 10.00 0.9 2.2 A 8.3 A A 
55 9.84 0.42 4.27 3.58 0.3 1.2 A 4.7 A A 
56 9.8 0.3 3.06 3.16 0.3 0.9 A 3.7 A A 
57 9.67 0.56 5.79 1.79 0.2 1.5 A 6.1 A A 
58 9.76 0.39 4.00 2.74 0.3 1.1 A 4.5 A A 
59 9.91 0.17 1.72 4.32 0.4 0.7 A 2.6 A A 
60 9.42 0.19 2.02 -0.84 0.1 0.7 A 2.8 A A 
61 10.05 0.27 2.69 5.79 0.6 0.9 A 3.3 A A 
62 9.68 0.28 2.89 1.89 0.2 0.9 A 3.5 A A 
63 9.6 0.16 1.67 1.05 0.1 0.6 A 2.6 A A 
64 9.64 3.1 32.16 1.47 0.1 8.0 A 32.2 N W 
65 9.67 0.21 2.17 1.79 0.2 0.7 A 3.0 A A 
68 9.8 0.3 3.06 3.16 0.3 0.9 A 3.7 A A 
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Score 
70 10.4 1.1 10.58 9.47 0.9 2.9 A 10.8 N W 
71 8.86 0.35 3.95 -6.74 0.6 1.0 A 4.4 A A 
72 9.14 0.13 1.42 -3.79 0.4 0.6 A 2.5 A A 
73 9.8 0.5 5.10 3.16 0.3 1.4 A 5.5 A A 
74 9.7 1 10.31 2.11 0.2 2.6 A 10.5 N W 
75 9.6 0.3 3.13 1.05 0.1 0.9 A 3.7 A A 
76 9.69 0.22 2.27 2.00 0.2 0.7 A 3.0 A A 
77 8.554 0.258 3.02 -9.96 0.9 0.8 N 3.6 A W 
78 10.5 0.253 2.41 10.53 1.0 0.8 N 3.1 A N 
79 10.3 0.6 5.83 8.42 0.8 1.6 A 6.2 A A 
80 9.9 0.3 3.03 4.21 0.4 0.9 A 3.6 A A 
81 9.1 0.35 3.85 -4.21 0.4 1.0 A 4.3 A A 
82 11.16 0.35 3.14 17.47 1.7 1.0 N 3.7 A N 
83 8.21 0.25 3.05 -13.58 1.3 0.8 N 3.6 A N 
84 10.1 0.4 3.96 6.32 0.6 1.1 A 4.4 A A 
85 8.5 0.3 3.53 -10.53 1.0 0.9 N 4.1 A N 
86 9 0.6 6.67 -5.26 0.5 1.6 A 7.0 A A 
87 10.1 0.3 2.97 6.32 0.6 0.9 A 3.6 A A 
88 9.8 0.3 3.06 3.16 0.3 0.9 A 3.7 A A 
89 9.85 0.17 1.73 3.68 0.4 0.7 A 2.6 A A 
90 9.22 0.43 4.66 -2.95 0.3 1.2 A 5.1 A A 
91 9.5 0.8 8.42 0.00 0.0 2.1 A 8.7 A A 
92 9.16 0.47 5.13 -3.58 0.3 1.3 A 5.5 A A 
93 8.52 0.32 3.76 -10.32 1.0 1.0 N 4.3 A N 
94 9.9 0.5 5.05 4.21 0.4 1.4 A 5.4 A A 
95 9.13 0.62 6.79 -3.89 0.4 1.7 A 7.1 A A 
96 9.8 0.5 5.10 3.16 0.3 1.4 A 5.5 A A 
97 9.23 0.35 3.79 -2.84 0.3 1.0 A 4.3 A A 
98 8.97 0.82 9.14 -5.58 0.5 2.2 A 9.4 A A 
99 9.7 0.14 1.44 2.11 0.2 0.6 A 2.5 A A 

100 8.64 1.4 16.20 -9.05 0.9 3.6 A 16.3 N W 
101 10.1 0.5 4.95 6.32 0.6 1.4 A 5.3 A A 
105 9.07 0.52 5.73 -4.53 0.4 1.4 A 6.1 A A 
106 10.62 0.85 8.00 11.79 1.1 2.2 A 8.2 A A 
107 9.93 1.18 11.88 4.53 0.4 3.1 A 12.1 N W 
109 9.37 0.78 8.32 -1.37 0.1 2.1 A 8.6 A A 
110 9.48 0.713 7.52 -0.21 0.0 1.9 A 7.8 A A 
111 10.18 0.56 5.50 7.16 0.7 1.5 A 5.9 A A 
112 9.91 0.33 3.33 4.32 0.4 1.0 A 3.9 A A 
113 10.72 0.52 4.85 12.84 1.2 1.4 A 5.2 A A 
114 9.7 0.5 5.15 2.11 0.2 1.4 A 5.5 A A 
115 9 0.8 8.89 -5.26 0.5 2.1 A 9.1 A A 
118 8.98 0.27 3.01 -5.47 0.5 0.9 A 3.6 A A 
119 10.17 0.65 6.39 7.05 0.7 1.7 A 6.7 A A 
120 9.91 0.33 3.33 4.32 0.4 1.0 A 3.9 A A 
121 25.89 0.74 2.86 172.53 16.4 2.0 N 3.5 A N 
122 9.75 0.3 3.08 2.63 0.3 0.9 A 3.7 A A 
123 8.18 0.2 2.44 -13.89 1.3 0.7 N 3.2 A N 
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124 9.757 0.363 3.72 2.71 0.3 1.1 A 4.2 A A 
125 10 0.6 6.00 5.26 0.5 1.6 A 6.3 A A 
126 8.5 0.8 9.41 -10.53 1.0 2.1 A 9.6 A A 
127 9.73 0.49 5.04 2.42 0.2 1.4 A 5.4 A A 
128 9.6 0.4 4.17 1.05 0.1 1.1 A 4.6 A A 
130 9.73 0.14 1.44 2.42 0.2 0.6 A 2.5 A A 
131 8.97 0.25 2.79 -5.58 0.5 0.8 A 3.4 A A 
132 9.663 0.254 2.63 1.72 0.2 0.8 A 3.3 A A 
133 9.7 0.3 3.09 2.11 0.2 0.9 A 3.7 A A 
134 9.79 0.21 2.15 3.05 0.3 0.7 A 2.9 A A 
136 9.27 0.28 3.02 -2.42 0.2 0.9 A 3.6 A A 
137 18.25 1.32 7.23 92.11 8.8 3.4 N 7.5 A N 
138 10.42 0.59 5.66 9.68 0.9 1.6 A 6.0 A A 
139 9.57 0.34 3.55 0.74 0.1 1.0 A 4.1 A A 
140 11.5 0.52 4.52 21.05 2.0 1.4 N 4.9 A N 
141 12.53 0.81 6.46 31.89 3.0 2.1 N 6.8 A N 
142 8.12 0.0042 0.05 -14.53 1.4 0.5 N 2.0 A N 
143 8.06 0.45 5.58 -15.16 1.4 1.3 N 5.9 A N 
144 6.68 0.83 12.43 -29.68 2.8 2.2 N 12.6 N N 
145 10.73 0.39 3.63 12.95 1.2 1.1 N 4.1 A N 
146 9.4 0.46 4.89 -1.05 0.1 1.3 A 5.3 A A 
150 6.21 0.31 4.99 -34.63 3.3 0.9 N 5.4 A N 
151 4.95 0.28 5.66 -47.89 4.6 0.9 N 6.0 A N 
152 5 0.3 6.00 -47.37 4.5 0.9 N 6.3 A N 
153 10.07 0.677 6.72 6.00 0.6 1.8 A 7.0 A A 
154 10 0.6 6.00 5.26 0.5 1.6 A 6.3 A A 
157 9.1 0.3 3.30 -4.21 0.4 0.9 A 3.9 A A 
158 9.83 0.49 4.98 3.47 0.3 1.4 A 5.4 A A 
159 9.39 0.21 2.24 -1.16 0.1 0.7 A 3.0 A A 
160 9.93 0.87 8.76 4.53 0.4 2.3 A 9.0 A A 
161 8.37 0.57 6.81 -11.89 1.1 1.6 A 7.1 A A 
162 9.52 0.46 4.83 0.21 0.0 1.3 A 5.2 A A 
163 9.55 0.44 4.61 0.53 0.1 1.2 A 5.0 A A 
164 8.97 0.41 4.57 -5.58 0.5 1.2 A 5.0 A A 
165 9.2 0.46 5.00 -3.16 0.3 1.3 A 5.4 A A 
166 10 0.54 5.40 5.26 0.5 1.5 A 5.8 A A 
167 8.24 0.39 4.73 -13.26 1.3 1.1 N 5.1 A N 
168 9.06 0.19 2.10 -4.63 0.4 0.7 A 2.9 A A 
169 9.72 0.25 2.57 2.32 0.2 0.8 A 3.3 A A 
170 9.7 0.4 4.12 2.11 0.2 1.1 A 4.6 A A 
171 9.84 0.52 5.28 3.58 0.3 1.4 A 5.7 A A 
172 9.5 0.5 5.26 0.00 0.0 1.4 A 5.6 A A 
173 9.32 0.25 2.68 -1.89 0.2 0.8 A 3.3 A A 
174 9.8 0.43 4.39 3.16 0.3 1.2 A 4.8 A A 
175 9.49 0.47 4.95 -0.11 0.0 1.3 A 5.3 A A 
176 9.67 0.23 2.38 1.79 0.2 0.8 A 3.1 A A 
177 9.78 0.26 2.66 2.95 0.3 0.8 A 3.3 A A 
178 10.19 0.414 4.06 7.26 0.7 1.2 A 4.5 A A 

210



 

 

Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
179 9.18 0.66 7.19 -3.37 0.3 1.8 A 7.5 A A 
181 9.68 0.12 1.24 1.89 0.2 0.6 A 2.4 A A 
182 11.1 0.2 1.80 16.84 1.6 0.7 N 2.7 A N 
183 9.88 0.39 3.95 4.00 0.4 1.1 A 4.4 A A 
184 9.1 0.22 2.42 -4.21 0.4 0.7 A 3.1 A A 
185 9.33 0.56 6.00 -1.79 0.2 1.5 A 6.3 A A 
186 9.86 0.37 3.75 3.79 0.4 1.1 A 4.3 A A 
187 8.9 0.6 6.74 -6.32 0.6 1.6 A 7.0 A A 
188 9.39 0.47 5.01 -1.16 0.1 1.3 A 5.4 A A 
190 8.53 1.19 13.95 -10.21 1.0 3.1 A 14.1 N N 
191 9.32 0.3 3.22 -1.89 0.2 0.9 A 3.8 A A 
192 9.7 0.1 1.03 2.11 0.2 0.6 A 2.3 A A 
193 9.7 0.4 4.12 2.11 0.2 1.1 A 4.6 A A 
194 9.7 0.3 3.09 2.11 0.2 0.9 A 3.7 A A 
195 9.71 0.38 3.91 2.21 0.2 1.1 A 4.4 A A 
197 19.3 0.91 4.72 103.16 9.8 2.4 N 5.1 A N 
199 9.8 0.5 5.10 3.16 0.3 1.4 A 5.5 A A 
200 9.41 0.39 4.14 -0.95 0.1 1.1 A 4.6 A A 
201 10.553 0.16 1.52 11.08 1.1 0.6 N 2.5 A N 
202 14.12 0.852 6.03 48.63 4.6 2.3 N 6.4 A N 
204 10 2 20.00 5.26 0.5 5.2 A 20.1 N W 
205 5.86 0.42 7.17 -38.32 3.6 1.2 N 7.4 A N 
206 3.44 0.14 4.07 -63.79 6.1 0.6 N 4.5 A N 
207 10.06 0.39 3.88 5.89 0.6 1.1 A 4.4 A A 
208 9 0.9 10.00 -5.26 0.5 2.4 A 10.2 N W 
209 10.96 0.41 3.74 15.37 1.5 1.2 N 4.2 A N 
210 9.6 0.15 1.56 1.05 0.1 0.6 A 2.5 A A 
211 9.61 0.29 3.02 1.16 0.1 0.9 A 3.6 A A 
212 10.05 0.32 3.18 5.79 0.6 1.0 A 3.8 A A 
213 9.02 0.24 2.66 -5.05 0.5 0.8 A 3.3 A A 
214 9.66 0.26 2.69 1.68 0.2 0.8 A 3.4 A A 
215 9.51 0.37 3.89 0.11 0.0 1.1 A 4.4 A A 
216 9.35 0.45 4.81 -1.58 0.2 1.3 A 5.2 A A 
217 9.52 0.4 4.20 0.21 0.0 1.1 A 4.7 A A 
218 11.015 0.311 2.82 15.95 1.5 0.9 N 3.5 A N 
219 8.17 0.39 4.77 -14.00 1.3 1.1 N 5.2 A N 
220 9.48 0.36 3.80 -0.21 0.0 1.1 A 4.3 A A 
221 9.6 0.6 6.25 1.05 0.1 1.6 A 6.6 A A 
223 6.97 0.83 11.91 -26.63 2.5 2.2 N 12.1 N N 
224 9.45 0.62 6.56 -0.53 0.1 1.7 A 6.9 A A 
225 248 32 12.90 2510.53 238.5 82.6 N 13.1 N N 
226 9.6 0.8 8.33 1.05 0.1 2.1 A 8.6 A A 
227 9.21 0.3 3.26 -3.05 0.3 0.9 A 3.8 A A 
230 13.76 1.7 12.35 44.84 4.3 4.4 A 12.5 N N 
232 9.35 0.28 2.99 -1.58 0.2 0.9 A 3.6 A A 
233 9.28 0.79 8.51 -2.32 0.2 2.1 A 8.7 A A 
234 10.2 1.04 10.20 7.37 0.7 2.7 A 10.4 N W 
235 9.22 0.9 9.76 -2.95 0.3 2.4 A 10.0 A A 
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236 9.57 0.88 9.20 0.74 0.1 2.3 A 9.4 A A 
237 9.5 0.5 5.26 0.00 0.0 1.4 A 5.6 A A 
238 9.24 0.19 2.06 -2.74 0.3 0.7 A 2.9 A A 
239 6.79 0.22 3.24 -28.53 2.7 0.7 N 3.8 A N 
240 10.1 0.6 5.94 6.32 0.6 1.6 A 6.3 A A 
241 9.5 0.9 9.47 0.00 0.0 2.4 A 9.7 A A 
242 9.45 0.19 2.01 -0.53 0.1 0.7 A 2.8 A A 
243 9.728 0.5208 5.35 2.40 0.2 1.4 A 5.7 A A 
244 8.76 0.31 3.54 -7.79 0.7 0.9 A 4.1 A A 
245 9.47 0.16 1.69 -0.32 0.0 0.6 A 2.6 A A 
246 7.87 0.25 3.18 -17.16 1.6 0.8 N 3.8 A N 
249 8.84 0.33 3.73 -6.95 0.7 1.0 A 4.2 A A 
250 9.19 0.34 3.70 -3.26 0.3 1.0 A 4.2 A A 
251 9.35 0.47 5.03 -1.58 0.2 1.3 A 5.4 A A 
252 8.9 0.3 3.37 -6.32 0.6 0.9 A 3.9 A A 
253 9.8 0.4 4.08 3.16 0.3 1.1 A 4.5 A A 
254 9.13 0.31 3.40 -3.89 0.4 0.9 A 3.9 A A 
255 9.51 0.13 1.37 0.11 0.0 0.6 A 2.4 A A 
256 10.4 1 9.62 9.47 0.9 2.6 A 9.8 A A 
257 10.18 0.57 5.60 7.16 0.7 1.6 A 5.9 A A 
258 9.81 0.5 5.10 3.26 0.3 1.4 A 5.5 A A 
259 9.34 0.13 1.39 -1.68 0.2 0.6 A 2.4 A A 
260 9.6 0.5 5.21 1.05 0.1 1.4 A 5.6 A A 
261 10.5 0.7 6.67 10.53 1.0 1.9 A 7.0 A A 
263 3.4 0.36 10.59 -64.21 6.1 1.1 N 10.8 N N 
264 3.36 0.182 5.42 -64.63 6.1 0.7 N 5.8 A N 
265 9.69 0.113 1.17 2.00 0.2 0.6 A 2.3 A A 
267 8.68 0.38 4.38 -8.63 0.8 1.1 A 4.8 A A 
268 9.16 0.94 10.26 -3.58 0.3 2.5 A 10.5 N W 
269 9.7 0.7 7.22 2.11 0.2 1.9 A 7.5 A A 
270 10.2 0.4 3.92 7.37 0.7 1.1 A 4.4 A A 
271 9.32 0.25 2.68 -1.89 0.2 0.8 A 3.3 A A 
272 9.38 0.25 2.67 -1.26 0.1 0.8 A 3.3 A A 
273 2 0.2 10.00 -78.95 7.5 0.7 N 10.2 N N 
274 9.19 0.23 2.50 -3.26 0.3 0.8 A 3.2 A A 
275 10.07 0.3 2.98 6.00 0.6 0.9 A 3.6 A A 
276 9.7 1.3 13.40 2.11 0.2 3.4 A 13.6 N W 
278 9.42 0.9 9.55 -0.84 0.1 2.4 A 9.8 A A 
279 9.52 0.22 2.31 0.21 0.0 0.7 A 3.1 A A 
283 10.11 0.26 2.57 6.42 0.6 0.8 A 3.3 A A 
284 9.17 0.66 7.20 -3.47 0.3 1.8 A 7.5 A A 
285 9.61 0.72 7.45 0.32 0.0 1.9 A 7.7 A A 
286 8.91 0.12 1.35 -6.21 0.6 0.6 N 2.4 A W 
288 9.8 0.2 2.04 3.16 0.3 0.7 A 2.9 A A 
289 9.86 0.26 2.64 3.79 0.4 0.8 A 3.3 A A 
290 10.2 0.5 4.90 7.37 0.7 1.4 A 5.3 A A 
292 8.6 0.5 5.81 -9.47 0.9 1.4 A 6.1 A A 
293 8.6 0.5 5.81 -9.47 0.9 1.4 A 6.1 A A 
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294 10.7 0.2 1.87 12.63 1.2 0.7 N 2.7 A N 
295 9.9 0.24 2.42 4.21 0.4 0.8 A 3.1 A A 
296 9.6 0.3 3.13 1.05 0.1 0.9 A 3.7 A A 
297 9.29 0.46 4.95 -2.21 0.2 1.3 A 5.3 A A 
298 10.197 0.2061 2.02 7.34 0.7 0.7 A 2.8 A A 
299 8.2 1.4 17.07 -13.68 1.3 3.6 A 17.2 N N 
300 9.48 0.76 8.02 -0.21 0.0 2.0 A 8.3 A A 
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Performance evaluation of Eu-152 measurement results 

Spiked water sample 04 

Target Value: 11.3 ± 0.23 [Bq/kg] 
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Rep. 
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Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
1 10.61 1.32 12.44 -6.11 0.7 3.5 A 12.6 N W 
3 11 1 9.09 -2.65 0.3 2.6 A 9.3 A A 
4 11.2 0.7 6.25 -0.88 0.1 1.9 A 6.6 A A 
5 3.48 0.2 5.75 -69.20 7.8 0.8 N 6.1 A N 
6 10.74 0.33 3.07 -4.96 0.6 1.0 A 3.7 A A 
7 10.19 0.29 2.85 -9.82 1.1 0.9 N 3.5 A W 
9 11 0.8 7.27 -2.65 0.3 2.1 A 7.5 A A 
11 11.1 0.6 5.41 -1.77 0.2 1.7 A 5.8 A A 
12 13.3 0.7 5.26 17.70 2.0 1.9 N 5.6 A N 
13 8.98 0.31 3.45 -20.53 2.3 1.0 N 4.0 A N 
14 11.7 0.47 4.02 3.54 0.4 1.3 A 4.5 A A 
15 12.48 4.6 36.86 10.44 1.2 11.9 A 36.9 N N 

A
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Laboratory code

Eu-152 Water sample 04
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Score 
16 11.3 0.2 1.77 0.00 0.0 0.8 A 2.7 A A 
17 11.8 0.5 4.24 4.42 0.5 1.4 A 4.7 A A 
18 11.19 0.22 1.97 -0.97 0.1 0.8 A 2.8 A A 
19 10.722 0.127 1.18 -5.12 0.6 0.7 A 2.3 A A 
20 11.14 0.3 2.69 -1.42 0.2 1.0 A 3.4 A A 
21 11 1.5 13.64 -2.65 0.3 3.9 A 13.8 N W 
22 10.85 0.21 1.94 -3.98 0.5 0.8 A 2.8 A A 
23 11.1 0.13 1.17 -1.77 0.2 0.7 A 2.3 A A 
24 11.2 0.2 1.79 -0.88 0.1 0.8 A 2.7 A A 
25 1.42 0.28 19.72 -87.43 9.9 0.9 N 19.8 N N 
26 10.58 0.66 6.24 -6.37 0.7 1.8 A 6.6 A A 
27 9.815 0.9794 9.98 -13.14 1.5 2.6 A 10.2 N N 
29 11.9 1.1 9.24 5.31 0.6 2.9 A 9.5 A A 
30 10 0.7 7.00 -11.50 1.3 1.9 A 7.3 A A 
31 10 1 10.00 -11.50 1.3 2.6 A 10.2 N N 
32 9.93 0.45 4.53 -12.12 1.4 1.3 N 5.0 A N 
34 9.99 0.37 3.70 -11.59 1.3 1.1 N 4.2 A N 
35 11.1 0.85 7.66 -1.77 0.2 2.3 A 7.9 A A 
36 11.5 0.2 1.74 1.77 0.2 0.8 A 2.7 A A 
37 9.03 0.58 6.42 -20.09 2.3 1.6 N 6.7 A N 
38 11.8 0.002 0.02 4.42 0.5 0.6 A 2.0 A A 
39 11.6 0.5 4.31 2.65 0.3 1.4 A 4.8 A A 
40 11 0.8 7.27 -2.65 0.3 2.1 A 7.5 A A 
41 10.4 0.7 6.73 -7.96 0.9 1.9 A 7.0 A A 
42 10 0.5 5.00 -11.50 1.3 1.4 A 5.4 A A 
43 7.13 0.11 1.54 -36.90 4.2 0.6 N 2.5 A N 
44 9.19 0.72 7.83 -18.67 2.1 1.9 N 8.1 A N 
45 11.56 0.56 4.84 2.30 0.3 1.6 A 5.2 A A 
46 9.3 0.37 3.98 -17.70 2.0 1.1 N 4.5 A N 
47 10.81 0.35 3.24 -4.34 0.5 1.1 A 3.8 A A 
50 10.7 1.07 10.00 -5.31 0.6 2.8 A 10.2 N W 
51 14.6 1.1 7.53 29.20 3.3 2.9 N 7.8 A N 
52 9.4 1.1 11.70 -16.81 1.9 2.9 A 11.9 N N 
53 10 0.5 5.00 -11.50 1.3 1.4 A 5.4 A A 
54 11.81 1.06 8.98 4.51 0.5 2.8 A 9.2 A A 
55 10.27 0.57 5.55 -9.12 1.0 1.6 A 5.9 A A 
56 11.2 0.6 5.36 -0.88 0.1 1.7 A 5.7 A A 
57 10.7 0.66 6.17 -5.31 0.6 1.8 A 6.5 A A 
58 11.3 0.5 4.42 0.00 0.0 1.4 A 4.9 A A 
59 10.1 0.3 2.97 -10.62 1.2 1.0 N 3.6 A N 
60 10.7 0.2 1.87 -5.31 0.6 0.8 A 2.7 A A 
61 11.71 0.24 2.05 3.63 0.4 0.9 A 2.9 A A 
62 11.9 0.28 2.35 5.31 0.6 0.9 A 3.1 A A 
63 11.45 0.35 3.06 1.33 0.1 1.1 A 3.7 A A 
64 11.4 2.27 19.91 0.88 0.1 5.9 A 20.0 N W 
65 11.65 0.3 2.58 3.10 0.4 1.0 A 3.3 A A 
68 11.1 0.4 3.60 -1.77 0.2 1.2 A 4.1 A A 
70 11.1 1.7 15.32 -1.77 0.2 4.4 A 15.4 N W 
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71 9.37 0.61 6.51 -17.08 1.9 1.7 N 6.8 A N 
72 9.71 0.13 1.34 -14.07 1.6 0.7 N 2.4 A N 
73 12.5 0.4 3.20 10.62 1.2 1.2 N 3.8 A N 
75 26 1 3.85 130.09 14.7 2.6 N 4.3 A N 
76 10.39 0.58 5.58 -8.05 0.9 1.6 A 5.9 A A 
77 11.68 1.17 10.02 3.36 0.4 3.1 A 10.2 N W 
78 9.79 0.265 2.71 -13.36 1.5 0.9 N 3.4 A N 
79 13.2 2.3 17.42 16.81 1.9 6.0 A 17.5 N N 
80 10.9 1.6 14.68 -3.54 0.4 4.2 A 14.8 N W 
81 9.87 0.51 5.17 -12.65 1.4 1.4 A 5.5 A A 
82 10.87 0.56 5.15 -3.81 0.4 1.6 A 5.5 A A 
84 12.1 0.5 4.13 7.08 0.8 1.4 A 4.6 A A 
86 8.4 1.4 16.67 -25.66 2.9 3.7 A 16.8 N N 
87 10.6 0.8 7.55 -6.19 0.7 2.1 A 7.8 A A 
88 17.5 1.5 8.57 54.87 6.2 3.9 N 8.8 A N 
89 10.7 0.23 2.15 -5.31 0.6 0.8 A 2.9 A A 
90 9.96 0.84 8.43 -11.86 1.3 2.2 A 8.7 A A 
91 10.4 1 9.62 -7.96 0.9 2.6 A 9.8 A A 
92 10.84 0.56 5.17 -4.07 0.5 1.6 A 5.5 A A 
93 9.3 0.4 4.30 -17.70 2.0 1.2 N 4.7 A N 
94 11.8 2.2 18.64 4.42 0.5 5.7 A 18.8 N W 
95 10.7 0.74 6.92 -5.31 0.6 2.0 A 7.2 A A 
96 10.7 0.9 8.41 -5.31 0.6 2.4 A 8.6 A A 
97 10.43 0.26 2.49 -7.70 0.9 0.9 A 3.2 A A 
98 9.71 0.78 8.03 -14.07 1.6 2.1 A 8.3 A A 
99 10.51 0.28 2.66 -6.99 0.8 0.9 A 3.3 A A 

100 11.3 1.7 15.04 0.00 0.0 4.4 A 15.2 N W 
101 10.6 0.6 5.66 -6.19 0.7 1.7 A 6.0 A A 
105 26.5 1.37 5.17 134.51 15.2 3.6 N 5.5 A N 
106 12.27 0.94 7.66 8.58 1.0 2.5 A 7.9 A A 
107 10.72 2.74 25.56 -5.13 0.6 7.1 A 25.6 N W 
109 10.8 0.94 8.70 -4.42 0.5 2.5 A 8.9 A A 
110 10.6 0.796 7.51 -6.19 0.7 2.1 A 7.8 A A 
111 11.75 0.74 6.30 3.98 0.4 2.0 A 6.6 A A 
112 10.5 0.47 4.48 -7.08 0.8 1.3 A 4.9 A A 
113 20.12 1.13 5.62 78.05 8.8 3.0 N 6.0 A N 
114 12.8 0.9 7.03 13.27 1.5 2.4 A 7.3 A A 
115 32 2.8 8.75 183.19 20.7 7.2 N 9.0 A N 
118 10.4 0.42 4.04 -7.96 0.9 1.2 A 4.5 A A 
119 12.16 0.8 6.58 7.61 0.9 2.1 A 6.9 A A 
120 10.5 0.47 4.48 -7.08 0.8 1.3 A 4.9 A A 
121 11.76 1.81 15.39 4.07 0.5 4.7 A 15.5 N W 
122 11.3 0.5 4.42 0.00 0.0 1.4 A 4.9 A A 
123 9.9 0.52 5.25 -12.39 1.4 1.5 A 5.6 A A 
124 10.14 0.41 4.04 -10.27 1.2 1.2 A 4.5 A A 
125 10.7 0.7 6.54 -5.31 0.6 1.9 A 6.8 A A 
126 10 1 10.00 -11.50 1.3 2.6 A 10.2 N N 
127 10.7 0.6 5.61 -5.31 0.6 1.7 A 6.0 A A 
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128 10.5 0.6 5.71 -7.08 0.8 1.7 A 6.1 A A 
130 10.9 0.6 5.50 -3.54 0.4 1.7 A 5.9 A A 
131 10.23 0.32 3.13 -9.47 1.1 1.0 N 3.7 A W 
132 10.21 0.284 2.78 -9.65 1.1 0.9 N 3.4 A W 
133 11.6 0.5 4.31 2.65 0.3 1.4 A 4.8 A A 
134 11.1 0.33 2.97 -1.77 0.2 1.0 A 3.6 A A 
136 71.9 1.79 2.49 536.28 60.6 4.7 N 3.2 A N 
138 8.97 1.18 13.15 -20.62 2.3 3.1 A 13.3 N N 
139 9.53 0.227 2.38 -15.66 1.8 0.8 N 3.1 A N 
140 12.6 0.4 3.17 11.50 1.3 1.2 N 3.8 A N 
141 12.94 0.85 6.57 14.51 1.6 2.3 A 6.9 A A 
142 8.11 0.0016 0.02 -28.23 3.2 0.6 N 2.0 A N 
143 11.78 1.27 10.78 4.25 0.5 3.3 A 11.0 N W 
144 11.27 3.52 31.23 -0.27 0.0 9.1 A 31.3 N W 
145 8.42 1.16 13.78 -25.49 2.9 3.0 A 13.9 N N 
146 10 0.42 4.20 -11.50 1.3 1.2 N 4.7 A N 
150 7.48 0.5 6.68 -33.81 3.8 1.4 N 7.0 A N 
151 8.02 0.61 7.61 -29.03 3.3 1.7 N 7.9 A N 
152 8 0.6 7.50 -29.20 3.3 1.7 N 7.8 A N 
153 10.253 0.89 8.68 -9.27 1.0 2.4 A 8.9 A A 
154 11.1 0.7 6.31 -1.77 0.2 1.9 A 6.6 A A 
157 10.4 0.5 4.81 -7.96 0.9 1.4 A 5.2 A A 
158 10.06 0.61 6.06 -10.97 1.2 1.7 A 6.4 A A 
159 10.5 0.2 1.90 -7.08 0.8 0.8 N 2.8 A W 
160 11.45 1.42 12.40 1.33 0.1 3.7 A 12.6 N W 
161 9.91 1.01 10.19 -12.30 1.4 2.7 A 10.4 N N 
162 10.51 0.36 3.43 -6.99 0.8 1.1 A 4.0 A A 
163 12.58 0.63 5.01 11.33 1.3 1.7 A 5.4 A A 
164 11.37 0.65 5.72 0.62 0.1 1.8 A 6.1 A A 
165 10.6 0.3 2.83 -6.19 0.7 1.0 A 3.5 A A 
166 10.56 0.62 5.87 -6.55 0.7 1.7 A 6.2 A A 
167 7.15 0.39 5.45 -36.73 4.2 1.2 N 5.8 A N 
168 9.84 0.18 1.83 -12.92 1.5 0.7 N 2.7 A N 
169 10.88 0.28 2.57 -3.72 0.4 0.9 A 3.3 A A 
170 11 1 9.09 -2.65 0.3 2.6 A 9.3 A A 
171 12.18 0.35 2.87 7.79 0.9 1.1 A 3.5 A A 
172 10.7 0.8 7.48 -5.31 0.6 2.1 A 7.7 A A 
173 10.5 0.2 1.90 -7.08 0.8 0.8 N 2.8 A W 
174 12.16 0.51 4.19 7.61 0.9 1.4 A 4.6 A A 
175 11.4 0.58 5.09 0.88 0.1 1.6 A 5.5 A A 
177 12.7 0.8 6.30 12.39 1.4 2.1 A 6.6 A A 
178 11.9 0.637 5.35 5.31 0.6 1.7 A 5.7 A A 
179 8.46 0.8 9.46 -25.13 2.8 2.1 N 9.7 A N 
181 12.12 0.33 2.72 7.26 0.8 1.0 A 3.4 A A 
182 13.3 1 7.52 17.70 2.0 2.6 A 7.8 A A 
183 10.92 0.5 4.58 -3.36 0.4 1.4 A 5.0 A A 
184 11.85 0.22 1.86 4.87 0.5 0.8 A 2.7 A A 
185 10.77 0.86 7.99 -4.69 0.5 2.3 A 8.2 A A 
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186 11.21 0.41 3.66 -0.80 0.1 1.2 A 4.2 A A 
187 9.7 1.5 15.46 -14.16 1.6 3.9 A 15.6 N N 
188 10.4 1 9.62 -7.96 0.9 2.6 A 9.8 A A 
190 10.93 1.41 12.90 -3.27 0.4 3.7 A 13.1 N W 
191 10.7 0.46 4.30 -5.31 0.6 1.3 A 4.7 A A 
192 11 0.4 3.64 -2.65 0.3 1.2 A 4.2 A A 
193 10.7 0.3 2.80 -5.31 0.6 1.0 A 3.4 A A 
194 11.1 0.3 2.70 -1.77 0.2 1.0 A 3.4 A A 
195 10.5 0.32 3.05 -7.08 0.8 1.0 A 3.6 A A 
197 24.4 2.9 11.89 115.93 13.1 7.5 N 12.1 N N 
199 9.8 1.3 13.27 -13.27 1.5 3.4 A 13.4 N N 
200 10.61 0.27 2.54 -6.11 0.7 0.9 A 3.2 A A 
201 10.78 0.22 2.04 -4.60 0.5 0.8 A 2.9 A A 
202 12.07 0.903 7.48 6.81 0.8 2.4 A 7.7 A A 
207 12.5 2.4 19.20 10.62 1.2 6.2 A 19.3 N N 
208 10.9 1.2 11.01 -3.54 0.4 3.2 A 11.2 N W 
209 15.1 1.24 8.21 33.63 3.8 3.3 N 8.5 A N 
210 10.1 0.13 1.29 -10.62 1.2 0.7 N 2.4 A N 
211 11.34 0.57 5.03 0.35 0.0 1.6 A 5.4 A A 
212 10.72 0.44 4.10 -5.13 0.6 1.3 A 4.6 A A 
213 12.06 0.71 5.89 6.73 0.8 1.9 A 6.2 A A 
214 10.6 0.3 2.83 -6.19 0.7 1.0 A 3.5 A A 
215 10.47 0.42 4.01 -7.35 0.8 1.2 A 4.5 A A 
216 11.6 0.84 7.24 2.65 0.3 2.2 A 7.5 A A 
217 10.35 0.32 3.09 -8.41 1.0 1.0 A 3.7 A A 
218 11.228 0.28 2.49 -0.64 0.1 0.9 A 3.2 A A 
219 10.5 0.7 6.67 -7.08 0.8 1.9 A 7.0 A A 
220 10.09 0.44 4.36 -10.71 1.2 1.3 A 4.8 A A 
221 9.81 0.8 8.15 -13.19 1.5 2.1 A 8.4 A A 
223 7.03 0.74 10.53 -37.79 4.3 2.0 N 10.7 N N 
224 12.2 0.72 5.90 7.96 0.9 1.9 A 6.2 A A 
225 2750 322 11.71 24236 2738.7 830.8 N 11.9 N N 
226 14 1.1 7.86 23.89 2.7 2.9 A 8.1 A A 
227 11.12 0.44 3.96 -1.59 0.2 1.3 A 4.4 A A 
230 37.22 3.64 9.78 229.38 25.9 9.4 N 10.0 A N 
232 9.73 0.48 4.93 -13.89 1.6 1.4 N 5.3 A N 
233 9.36 0.79 8.44 -17.17 1.9 2.1 A 8.7 A A 
235 20.98 3.86 18.40 85.66 9.7 10.0 A 18.5 N N 
236 9.8 0.87 8.88 -13.27 1.5 2.3 A 9.1 A A 
237 10.3 0.6 5.83 -8.85 1.0 1.7 A 6.2 A A 
238 10.63 0.26 2.45 -5.93 0.7 0.9 A 3.2 A A 
239 7.08 0.23 3.25 -37.35 4.2 0.8 N 3.8 A N 
240 12 0.9 7.50 6.19 0.7 2.4 A 7.8 A A 
241 10.2 0.9 8.82 -9.73 1.1 2.4 A 9.0 A A 
242 10.82 0.24 2.22 -4.25 0.5 0.9 A 3.0 A A 
243 11.17 0.6083 5.45 -1.15 0.1 1.7 A 5.8 A A 
244 10.2 0.386 3.78 -9.73 1.1 1.2 A 4.3 A A 
245 9.36 0.22 2.35 -17.17 1.9 0.8 N 3.1 A N 
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Lab 
code 

Rep. 
Value 

Rep. 
Unc. 

Unc. 
[%] 

Rel. 
Bias A1 A2 True. P Prec. Final 

Score 
246 9.66 0.38 3.93 -14.51 1.6 1.1 N 4.4 A N 
249 10.69 0.4 3.74 -5.40 0.6 1.2 A 4.2 A A 
250 10.65 0.38 3.57 -5.75 0.7 1.1 A 4.1 A A 
251 10.56 0.85 8.05 -6.55 0.7 2.3 A 8.3 A A 
252 10.4 0.4 3.85 -7.96 0.9 1.2 A 4.3 A A 
253 10.1 0.9 8.91 -10.62 1.2 2.4 A 9.1 A A 
254 10.91 0.5 4.58 -3.45 0.4 1.4 A 5.0 A A 
255 10.6 0.4 3.77 -6.19 0.7 1.2 A 4.3 A A 
256 11.9 1.1 9.24 5.31 0.6 2.9 A 9.5 A A 
258 10.55 0.55 5.21 -6.64 0.8 1.5 A 5.6 A A 
259 10.37 0.22 2.12 -8.23 0.9 0.8 N 2.9 A W 
260 8.2 0.45 5.49 -27.43 3.1 1.3 N 5.8 A N 
261 12.5 1 8.00 10.62 1.2 2.6 A 8.2 A A 
263 4 0.5 12.50 -64.60 7.3 1.4 N 12.7 N N 
264 3.48 0.257 7.39 -69.20 7.8 0.9 N 7.7 A N 
265 11.6 0.25 2.16 2.65 0.3 0.9 A 2.9 A A 
267 9.67 0.83 8.58 -14.42 1.6 2.2 A 8.8 A A 
268 11.99 0.56 4.67 6.11 0.7 1.6 A 5.1 A A 
269 12.2 1.6 13.11 7.96 0.9 4.2 A 13.3 N W 
270 10.8 0.73 6.76 -4.42 0.5 2.0 A 7.0 A A 
271 10.29 0.22 2.14 -8.94 1.0 0.8 N 2.9 A W 
272 10.2 0.23 2.25 -9.73 1.1 0.8 N 3.0 A W 
273 1.1  0.00 -90.27 10.2 0.6 N 2.0 A N 
274 9.87 0.76 7.70 -12.65 1.4 2.0 A 8.0 A A 
275 11.25 0.52 4.62 -0.44 0.1 1.5 A 5.0 A A 
276 10.8 1 9.26 -4.42 0.5 2.6 A 9.5 A A 
278 10.6 1.1 10.38 -6.19 0.7 2.9 A 10.6 N W 
279 9.83 0.23 2.34 -13.01 1.5 0.8 N 3.1 A N 
284 10.13 0.79 7.80 -10.35 1.2 2.1 A 8.1 A A 
285 11.5 0.9 7.96 0.00 0.0 2.4 A 8.2 A A 
286 36.67 2.11 5.75 224.51 25.4 5.5 N 6.1 A N 
288 10.8 0.3 2.78 -4.42 0.5 1.0 A 3.4 A A 
289 11.7 0.8 6.84 3.54 0.4 2.1 A 7.1 A A 
290 9.8 0.8 8.16 -13.27 1.5 2.1 A 8.4 A A 
292 10.3 0.7 6.80 -8.85 1.0 1.9 A 7.1 A A 
293 10.3 0.7 6.80 -8.85 1.0 1.9 A 7.1 A A 
294 11.4 0.3 2.63 0.88 0.1 1.0 A 3.3 A A 
295 11.12 0.5 4.50 -1.59 0.2 1.4 A 4.9 A A 
296 10.3 0.4 3.88 -8.85 1.0 1.2 A 4.4 A A 
297 11.2 1 8.93 -0.88 0.1 2.6 A 9.1 A A 
298 11.263 0.267 2.37 -0.33 0.0 0.9 A 3.1 A A 
299 11.2 2.2 19.64 -0.88 0.1 5.7 A 19.7 N W 
300 10.3 0.8 7.77 -8.85 1.0 2.1 A 8.0 A A 
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1 Only those laboratories who reported their results were listed in the list of participating laboratories 

221



 

AUSTRALIA 

Leslie, C.   
 

Land and Water, 
C.S.I.R.O.,  
Clunies Ross Street, 
GPO Box 1666, 
Canberra A.C.T. 2601 
Australia 
 

Mokhber-Shahin, L. 
 

Institute for Environmental Research (Bld 21), 
Australian Nuclear Science and Technology Organization, 
New Illawarra Road, 
2234 Menai, 
New South Wales, 
Australia 
 

Heijnis, H. 
 

Institute for Environmental Research, 
ANSTO,  
New Illawarra Road Lucas Heights, 
2234 Sydney, Menai N.S.W., 
Australia 
 

BANGLADESH 
 
Mollah, A.S. 
 

 
 
Nuclear Power and Energy Division, 
Bangladesh Atomic Energy Commission, 
E-12/A Agargaon, Sher-E-Bangla Nagar, 
1207 Dhaka, 
Bangladesh 
 

Ghose, S.  
 

Nuclear Safety & Radiation Control Division, 
Bangladesh Atomic Energy Commission, 
4 No Kazi Nazrul Islam Avenue, 
1207 Ramna, Dhaka, 
Bangladesh 
 

BOSNIA AND HERZEGOVINA 
 
 Deljkic, D. 
 

 
 
Radiation Protection Center, 
Public Health Institute of Federation B&H, 
Marsala Tita 9, 
71 000 Sarajevo, 
Bosnia and Herzegovina 
 

BULGARIA 
 
Shishenkov, M. 
 

 
 
Radioactivity Measurement Laboratory, 
Executive Environment Agency, 
Ministry of Environment and Water, 
136 Tzar Boris Iii Blvd., 
1618 Sofia, 
Bulgaria 
 

Badulin, V. 
 

Public Exposure Monitoring Laboratory, 
Radiation Control Section, 
National Centre of Radiobiology 
and Radiation Protection, 
132 St. Clement Ohridsky Blvd, 
1756 Sofia, 
Bulgaria 
 

Katrankieva, M.  
 

Executive Environmental Radiological Laboratory, 
Executive Environmental Agency, 
Regional LaboratoryVratza,  
81 Exarh Josif Street, 
3000 Vratza, 
Bulgaria 

222



 

 
Mincheva, R. 
 

Environmental Executive Agency, 
Regional Laboratory Burgas, 
67 Perushtitza Street, 
8001 Burgas, 
Bulgaria 
 
 
 

Krumova, L. 
 

Regional Laboratory – Montana, 
Executive Enviromental Agency – Sofia, 
4 Julius Irasek Street, 
1000 Sofia, 
Bulgaria 
 

Avramov, V. 
 

Kozloduy Nuclear Power Plant, 
3321 Kozloduy, 
Bulgaria 
 

Georgieva, T. 
 

Executive Environment Agency, 
Regional Laboratory, 
1 Perushtitza Str., Post Box 10, 
4002 Plovdiv, 
Bulgaria 
 

Krasteva Mihaylova, G. 
 

Regional Laboratory-Stara Zagora, 
Environmental Executive Agency, 
2 Stara Planina Str., 
6000 Stara Zagora,  
Bulgaria 
 

Dimitrova, K. 
 

Executive Environment Agency of Bulgaria, 
Regional Laboratory Varna, 
4 Jan Palah Str.,  
9000 Varna, 
Bulgaria 
 

BAHRAIN 
 
Merzaa, M. 
 

 
 
Physics University of Bahrain, 
32038 Sakhir, 
Bahrain 
 

BRAZIL 
 
Tirollo Taddei, M.H. 
 

 
 
Laboratory of Pocos De Caldas / Dilab, 
Brazilian Nuclear Energy Commission, 
Rodovia Pocos De Caldas, 
Andradas Km.13, 
37701-970, Pocos De Caldas- M.G., 
Brazil 
 

Ribeiro De Aquino, R. 
 

Gerencia De Metrologia Das Radiacoes - Gmr,  
Laboratorio De Metrologia Das Radiacoes – Lra, 
Instituto De Pesquisas Energeticas E Nucleares, 
Av. Lineu Prestes 2242, 
05508-000 Sao Paulo, 
Brazil 
 

Maduar, M.F. 
 

Radioecology Laboratory, 
Instituto De Pesquisas Energeticas E Nucleares, 
Av. Prof. Lineu Prestes 2242- Ci, 
05508-000 Sao Paulo, 
Brazil 
 

223



 

Melo Ferreira, A.C. 
 

Comissao Nacional De Energia Nuclear, 
Instituto De Radioprotecao E Dosimetria, 
Departamento De Protecao Radiologica Ambiental, 
Av. Salvador Allende, Recreio Dos Bandeirantes, 
22780-160 Rio De Janeiro,  
Brazil 
 

Pecequilo, B. 
 

Laboratorio De Radiometria Ambiental, 
Comissao Nacional De Energia Nuclear, 
Av. Prof. Lineu Prestes No. 2242 Cidade Universitaria 
05508-000, Sao Paulo, 
Brazil 
 

BELARUS 
 
Makarevich, V. 
 

 
 
Research Department of Radiative Metrology, 
Belarussian State Institute of Metrology, 
Starovilenski Trakt 93, 
220053, Minsk, 
Belarus 
 

CANADA 
 
Lobb, D. 
 

 
 
Department of Soil Science, 
University of Manitoba, 
13 Freedman Cres., 
Winnipeg, R3t 2n2, 
Canada 
 

Ross, K. 
 

Compliance and Radiation,  
Protection Branch AECL Research, 
Whiteshell Laboratories, 
100 Ara Mooradian Way, 
Pinawa Mb, R0e 110, 
Manitoba, 
Canada 
 

Lovely, J. 
 

New Brunswick Power, 
Health Physics Department, 
Environmental Monitoring Laboratory, 
420 York Street, 
Fredericton, E3b 3p7, 
Canada 
 

Ortmann, R. 
 

Analytical Laboratories, 
Saskatchewan Research Council, 
422 Downey Road, 
Saskatoon, S7n 4n1, 
Saskatchewan, 
Canada 
 

St-Amant, N. 
 

Radiation Protection Bureau, 
Health Canada, 
775 Brookfield Road, 
Ottawa, K1a 1c1, 
Ontario, 
Canada 

 
King, D. 
 

 
Dockyard Laboratory Atlantic, 
Defence Research and Development Canada Atlantic, 
2635 Provo Wallis Street, 
Canada 
 

224



 

CHILE 
 
Campillay, X.V. 
 

 
 
Comision Chilena De Energia Nuclear, 
Seccion Technicas Nucleares En Agricultura, 
Avda Nueva Bilbao 12501, 
Las Condes, 
Santiago 
Chile 
 

CHINA 
 
Du, J. 
 

 
 
State Key Laboratory of Estuarine and Coastal Research, 
East China Normal University, 
3663 Zhangshan Road-North, 
200062 Shanghai,  
China 
 

Diao, L. 
 

Radiometrology Center, 
China Institute of Atomic Energy, 
P.O. Box 275 (20), 
102413 Beijing,  
China 
 

Di, L. 
 

Yantai Entry & Exit, 
Inspection & Quarantine Bureau, 
National Key Laboratory of Radioactivity Inspection, 
66 Beima Road, 
Yantai City, Shandong Povince, 
China 
 

Chun-Man, L. 
 

Radiation Laboratory, 
Kings Park Meteorological Station, 
Hong Kong Observatory, 
22 King, 
Hong Kong,  
China 
 

COSTA RICA 
 
Figueroa, M.B. 
 

 
 
Laboratorio De Espectrometria Gamma, 
Centro De Investigacion En, 
Ciencias Atomicas, Nucleares Y Moleculares, 
Universidad De Costa Rica, 
Ciudad Universitaria R. Facio, 
San Jose, 
Costa Rica 
 

CZECH REPUBLIC 
 
Bouda, T. 
 

 
 
Div. of Testing Laboratories, 
Als Czech Republic, S.R.O., 
Laboratory Ceska Lipa, 
Bendlova 1687/7 
P.O. Box 2, 
470 03 Ceska Lipa, 
Czech Republic 
 

Ivanovova, D. 
 

The T.G. Masaryk Water Research, 
Institute of Prague, 
Podbabska 30/2582, 
160 00 Prague,  
Czech Republic 
 

Rulik, P. 
 

Monitoring Department, 
National Radiation Protection Institute, 
Bartoskova 28, 
140 00 Praha,  
Czech Republic 

225



 

 
GERMANY 
 
Degering, D. 
 

 
 
Verein fuer Kernverfahrenstechnik und Analytik 
Rossendorf, 
Bautzner Landstrasse 400, 
01328 Dresden, 
Germany 
 

Kuemmerle, E. 
 

Geschaeftsbereich Sicherheit und Strahlenschutz, 
Forschungszentrum Juelich Gmbh, 
Leo-Brandt-Str.1, 
52425 Juelich, 
Germany 
 
 
 

Hrnecek, E. 
 

European Commission Joint Research Centre, 
Institute For Transuranium Elements, 
Hermann-Von-Helmholtz-Platz 1, 
Eggenstein – Leopoldshafen, 
Germany 
 

Ilchmann, C. 
 

Strahlenmessstelle, 
Senatsverwaltung Fuer Gesundheit, 
Umwelt Und Verbraucherschutz, 
Rubensstrasse 111, 
12157 Berlin, 
Germany 
 

Kaminski, S. 
 

Monitoring and Measurement, 
Central Safety Department, 
Research Center Karlsruhe, 
Hermann-Von-Helmholtz-Platz 1, 
76021 Karlsruhe, 
Germany 
 

Schkade, U.K. 
 

Bundesamt fuer Strahlenschutz, 
Koepenicker Allee 120-130, 
10318 Berlin, 
Germany 

Preusse, W. 
 

Staatl. Umweltbetriebsgesellschaft, 
2. Landesmessstelle fuer Umweltradioaktivitaet, Sachsen, 
Dresdner Strasse 183, 
09131 Chemnitz, 
Germany 
 

Michel, R. 
 

Zentrum Fuer Strahlenschutz und Radiooekologie, 
University of Hannover, 
Callinstrasse 3, 
30163 Hannover, 
Germany 
 
 

Florschuetz, B. 
 

Hessisches Landesamt fuer Umwelt & Geologie, 
Ludwig Mondstrasse 33, 
34121 Kassel, 
Germany 
 

Abraham, A. 
 

Staatliche Umweltbetriebsgesellschaft, 
1. Landesmessstelle Fue Umweltradioaktivitaet, 
Altwahnsdorf 12, 
01445 Radebeul, 
Germany 
 

226



 

Dietrich, J. 
 

Landeslabor Brandenburg, 
Strahlenschutzmessstelle Frankfurt Fb U1, 
Gerhard-Neumann Str. 2/3, 
15236 Frankfurt (Oder), 
Germany 
 

Gerstmann, U. 
 

Research Group Radioecology/Radlab, 
Helmholtz-Zentrum Muenchen,  
Institute of Radiation Protection, 
Ingolstaedter Landstrasse 1, 
85758 Neuherberg, 
Germany 
 
 
 
 

Beetz, J. 
 

Fachbereich U1 Luft, Wasser, Abwasser, Strahlenschutz, 
Landeslabor Brandenburg, 
Landesmessstelle Oranienburg, 
Sachsenhausener Strasse 7b, 
16515 Oranienburg, 
Germany 
 

ESTONIA 
 
Jakobson, E. 
 

 
 
Radiation Monitoring Department Laboratory, 
Estonian Radiation Protection Centre, 
Kopli 76, 
10416 Tallinn, 
Estonia 
 

FINLAND 
 
Heikkinen, T. 
 

 
 
Research and Environmental Surveillance, 
Radiation and Nuclear Safety Authority, 
Laippatie 4, 
00881 Helsinki, 
Finland 
 

FRANCE 
 
Daniel, B. 
 

 
 
Eichrom Europe, 
Rue Maryse Bastie - Bat. C, 
Campus De Ker Lann, 
35170 Bruz, 
France 
 

Losset, Y. 
 

DSTA/SPR/LMSE, 
CEA Valduc, 
Bp. 14, 
21120 Is-Sur-Tille, 
France 
 
 
 

Osmond, M. 
 

Service De Traitement Des Echantillons Et De Metrologie, 
Pour L Environment, 
Institut De Radioprotection Et De Surete Nucleaire,  
31 Rue De L Ecluse, 
Bp. 40035, 
78700 Le Vesinet Cedex, 
France 
 

Chouzenoux, I. 
 

Etablissement De La Hague, 
Laboratoires Spr-Batiment 148, 
Cogema Areva Nc La Hague, 
50444 Beaumont Hague, 
France 

227



 

 
Fretz, A. 
 

CNPE De Fessenheim, 
Edf Laboratoire Effluents-Environnement, 
Bp. 15, 
France 
 

Heller, M. 
 

Laboratoire De Radioactivite, 
Eurofins Environnement, 
2 Rue Des Platanes, 
France 
 

Moune, M. 
 

CEA Saclay, 
Detecs/Lnhb, Batiment 602, 
Cea – Cnrs, Boite Courrier 111, 
91191 Gif-Sur-Yvette, Cedex, 
France 
 

Nardoux, P. 
 

Section Analyses, 
Service Etudes De Procedes Et Analyses, 
Route De Chateauponsac, 
COGEMA, 
87250 Bessines Sur Gartempe, 
France 
 

Chareyron, B. 
 

Gamma Spectrometry Laboratory Immeuble Cime, 
CRIIRAD, 
471 Avenue Victor Hugo, 
26000 Valence, 
France 
 

Rollandez, F. 
 

Laboratoire Effluent-Environnement, 
Edf Cnpe Du Bugey, 
01155 Lagnieu, 
France 
 

Chatelain, J.C. 
 

Laboratoire Effluent Environnement, 
Edf -Cnpe De Civaux, 
Bp. 64, 
86320 Civaux, 
France 
 

Cazoulat, A. 
 

Service De Protection Radiologique Des Armees, 
Ministere De La Defense, 
1 Bis, Rue Du Lieutenant Raoul Batany, 
92141 Clamart, Cedex, 
France 
 

Fouchard, S. 
 

Service Chimie Environnement, 
Edf Gravelines, Rue De La Digue Level, 
59820 Gravelines, 
France 
 

GHANA 
 
Nyarko, B.J.B. 
 

 
 
Ghana Atomic Energy Commission, 
National Nuclear Research Institute, 
Atomic Road, P.O. Box 80, 
Legon-Accra, 
Ghana 
 

228



 

GREECE 
 
Kehagia, K. 
 

 
Department of Environmental Radioactivity, 
Greek Atomic Energy Commission, 
153 10 Aghia Paraskevi – Attikis, 
Greece 
 

Papastefanou, C. 
 

Atomic and Nuclear Physics Laboratory, 
Aristotelian University of Thessaloniki, 
Panepistimiou Str., 
54124 Thessaloniki, 
Greece 
 

Maramathas, C. 
 

Nuclear Technology & Environmental Laboratory, 
Teledos Ltd., 
Apostolou Paulou 102, 
20100 Korinthos, 
Greece 
 

Stamoulis, K. 
 

Archaeometry Center, 
Physics Department, 
University of Ioannina, 
45110 Ioannina,  
Greece 
 

Clouvas, A. 
 

Department of Electrical and Computer Engineering, 
Aristotle University Campus, 
Aristotelian University of Thessaloniki, 
Egnatia Street, 
54124 Thessaloniki, 
Greece 
 

Maraziotis, E. 
 

Nuclear Technology Laboratory, 
Department of Mechanical Engineering, 
University of Patras, 
26500 Patras-Rion, 
Greece 
 

HUNGARY 
 
Ugron, A. 
 

 
 
Division of Environmental and Public Radiohygiene, 
National Research Institute of 
Radiobiology and Radiohygiene, 
Anna U. 5, 
1221 Budapest, 
Hungary 
 

Kadlotne Vekony, E. Veterinary and Food Control Station,  
Stadion Ut 39/A, 
3534 Miskolc, 
Hungary 
 
 
 

Gyivicsan, A. 
 

Regional Food Chain Laboratory, 
Somogy County Agricultural Administrative Authority, 
Directorate for the Safety of Food Chain and Animal Health, 
Cseri Major (Tinodi U.), 
Hungary 
 

Tarjan, S. 
 

Radiochemistry Department, 
National Food Investigation Institute, 
Fogoly U. 13 – 15, 
1182 Budapest, 
Hungary 
 

229



 

Kaszas, J. 
 

Vas County Agricultural Office, 
Food Chain Radiochemistry Laboratory, 
Zanati U. 3, 
9700 Szombathely, 
Hungary 
 

Horvath, E. 
 

Radioanalytical Department, 
Bacs-Kiskun County Agricultural Administrative Office,  
Regional Complex Laboratory for Examination of Food 
Chain, 
Halasi Ut 34, Po.Box 155, 
6000 Kecskemet, 
Hungary 

INDIA 
 
Hegde, A.G. 
 

 
 
Health Physics Division, Mod-Labs, 
Bhabha Atomic Research Centre, 
Maharastra 400, 
400 085 Trombay, Mumbai,  
India 
 
 
 

Mathiyarasu, R. 
 

Radiological Safety Division, 
Indira Gandhi Centre For Atomic Research, 
603 102 Kalpakkam, Tamil Nadu, 
India 
 

Kannan, V. 
 

Environmental Survey Laboratory, 
Bhabha Atomic Research Centre, 
Kancheepuram District, 
Township Sadras Colony West, 
603 102 Kalpakkam,  
India 
 

Ravi, P.M. 
 

Environmental Survey Labs, 
Health Physics Division, 
Bahba Atomic Research Centre, 
Kaiga Atomic Power Project, 
Phase-Ii, Kaiga Township, 
Kaiga Po, Uttar Kannada Dist, 
581 4000 Karnataka,  
India 
 

Rajan, M.P. 
 

Environmental Survey Laboratory, 
Bhaba Atomic Research Center, 
Kudankulam Nuclear Power Project, 
627120 Anuvijay Township,  Tamilnadu, 
India 
 
 
 

INDONESIA 
 
Suseno, H. 
 

 
 
Radioactive Waste Management Development Center, 
National Nuclear Energy Agency of Indonesia, 
Building 71 Ptlr Batan Kawasan P, 
15310 Serpong Tangerang,  
Indonesia 
 

Iskandar, D. 
 

Centre For Technology of Radiation Safety and Metrology, 
National Nuclear Energy Agency, 
Lebak Bulus Raya No. 49, 
12440 Pasar Jumat, Jakarta,  
Indonesia 

230



 

 
ISLAMIC REPUBLIC OF IRAN 
 
Attarilar, A. 
 

 
 
National Radiation Protection Department, 
Iranian Nuclear Regulatory Authority, 
North Karegar Street, 
P.O.Box:14155-4494, 
14374 Tehran, 
Islamic Republic of Iran 
 

IRELAND 
 
Wong, J. 
 

 
 
Radiation Monitoring,  
Radiological Protection Institute of Ireland, 
3 Clonskeagh Square, Clonskeagh Road, 
Clonskeagh, 
Ireland 
 

ISRAEL 
 
Nassar, H.R. 
 

 
 
Radiation and Noise, 
Ministry of Environmental Protection, 
Knafei Nesharim 3, 
95464 Jerusalem,  
Israel 
 

ITALY 
 
Bonomi, M. 
 

 
 
Settore Laboratorio E Controlli,  
Reparto Radiochimica, 
Appa Trento, Via Lidorno, 1 (Zona Aereoporto), 
38100 Trento, 
Italy 
 

Guerra, R. 
 

Enviromental Science Dept., 
University of Bologna, 
163 Via S.Alberto, 
48100 Ravenna,  
Italy 
 

Donatella, D. 
 

Institute of General Chemistry, 
Urbino University,  
P.Zza Rinascimento 6, 
Italy 
 

Sabatini, P. 
 

Arpa Umbria, 
U.O Laboratorio Perugia, 
Via Pievaiola 207 B-3,  
06132 San Sisto (Perugia), 
Italy 
 

Martinelli, C. 
 

Regional Agency for Prevention and Protection of 
Environment of Veneto Region,  
Regional Center for Ionizing Radiation, 
Via Dominutti 8,  
37135 Verona, 
Italy 
 

Montalto, M. 
 

Istituto Di Radioprotezione, 
Laboratorio Saluggia, 
ENEA Research Centre, 
41 Strada Per Crescentino,  
Casella Postale 25, 
13040 Saluggia (Vercelli), 
Italy 
 

231



 

Salvi, S. 
 

ENEA C.R. Brasimone, 
Environmental Radioactivity Laboratory, 
40032 Camugnano (Bologna), 
Italy 
 

Cappai, M. 
 

Settore Radiazioni Ionizzanti E Non Ionizzanti,  
Agenzia Regionale Per La Protezione Dell Ambiente, 
Della Sardegna, 
6/8 Viale F. Ciusa,  
09131 Cagliari, 
Italy 
 

Garavaglia, M. 
 

Dipartimento Di Udine, 
Sezione Fisica Ambientale, 
Arpa Friuli Venezia Giulia, 
Via Tavagnacco 91,  
33100 Udine, 
Italy 
 

Porzio, L. 
 

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

Rongoni, A. 
 

Dipartimento Di Scienze Chirurgiche, Radiologiche, 
Odontostomatologiche E Medico Legali, 
Universita Degli Studi Di Perugia, 
Padiglione W, 
06100 Perugia, 
Italy 
 

 
Laubenstein, M. 
 

 
Instituto Nazionale Di Fisica Nucleare, 
Laboratori Nazionali Del Gran Sasso, 
S.S. 17/Bis - Km 18+910, 
67010 Assergi, 
Italy 
 

Sogni, R. 
 

Sezione Provinciale Di Piacenza, 
Agenzia Regionale Prevenzione Ambiente, 
Via Xxi Aprile 48,  
29100 Piacenza, 
Italy 
 

Albertazzi, S. 
 

U.O.S. Bologna, 
CNR – ISMAR, 
Via Gobetti 109,  
40129 Bologna, 
Italy 
 

Arrigoni, S. 
 

Dipartimento Di Bergamo 
Arpa Lombardia 
Via C.Maffei  4, 
24121 Bergamo,  
Italy 
 

Pinna, F. 
 

Dipartimento Di Sassari - Servizio Attivit, 
Arpas Sardegna, 
Via Rockfeller 58/60, 
07100 Sassari, 
Italy 
 

232



 

Peroni, I. 
 

Articolazione Funzionale Radioattivita, 
Ambientale Arpat, 
Dipartimento Provinciale Di Firenze, 
Arpa Toscana, 
Via Del Ponte Alle Mosse 211, 
50144 Firenze, 
Italy 
 

Galli, D. 
 

Laboratorio Ambientale, 
Centrale Elettronucleare Di Trino, 
So.G.I.N Laboratories, 
Strade Statale 31 Bis, 
13039 TrinoVercelli, 
Italy 
 

Ferioli, D.G. 
 

U-Series Srl, 
Via Ferrarese 131,  
40128 Bologna, 
Italy 
 

Sacchi, B. 
 

Arpa Lombardia -  
Dipartimento Provinciale Di Cremona, 
Via Santa Maria In Betlem 1,  
26100 Cremona, 
Italy 
 
 
 
 
 

JAPAN 

Tsubuku, C.  
 

Division of Analytical Affairs, 
Japan Chemical Analysis Center, 
295-3 Sanno-cho, Inage-ku, Chiba-shi, 
263-0002 Chiba,  
Japan 
 

JORDAN 

Al-Kharouf, S.J. 
 

Radiation Protection & Calibration Laboratory, 
Royal Scientific Society, 
70 Ahmad Tarawneh Str., 
Al-Jubaiha.,P.O.Box 1438, 
11941 Amman,  
Jordan 
 
 

REPUBLIC OF KOREA  
 

 

Han, J.H. 
 

Division of Isotope Geoscience, 
Korea Basic Science Institute, 
113 Gwahangno Yuseong-Gu, 
305-333 Daejeon,  
Republic of Korea 
 

Lee, S.H. 
 

Metrology For Quality Life, 
Korean Research Institute of Standards and Science  
1 Doryong-Dong, Yuseong-Gu, 
305-340 Daejeon,  
Republic of Korea 
 

Kim, H.R. 
 

Nuclear Environment Safety Research Division, 
Korea Atomic Energy Research Institute, 
150-1 Deokjin-Dong, 1045, Daedeokdaero,  
305-353 Daejeon, 
Republic of Korea  

233



 

 
KUWAIT 
 
Aba, A. 
 

 
 
Environment and Urban Development Division, 
Kuwait Institute For Scientific Research, 
13109 Safat, 
Kuwait 
 

LATVIA 
 
Kirillova, A. 
 

 
 
Spectral Analyses, 
Latvian Environment Agency, 
165 Maskavas, 
1019 Jurmala, 
Latvia 
 

Krevica, I. 
 

Laboratory of Food and Environmental Investigation, 
National Diagnostic Centre,  
3 Lejupes Street 
1076 Riga, 
Latvia 
 

LEBANON 
 
El-Samad, O. 
 

 
 
Radioactive Analysis Laboratory, 
Lebanese Atomic Energy Commission, 
Airport Road - Riad El Solh 1107, 
P.O. Box 11-8281, 
2260 Beirut, 
Lebanon 
 

LITHUANIA 
 
Vilimaite-Silobritiene, B. 
 

 
 
Environmental Protection Agency, 
Radiological Laboratory, 
Rudnios 6,  
09300 Vilnius, 
Lithuania 
 

Gudelis, A. 
 

Nuclear and Environmental  
Radioactivity Research Laboratory 
Institute of Physics 
Savanoriu Av. 231 
Lt-02300, Vilnius 
Lithuania 
 

LUXEMBOURG 
 
Lecomte, M. 
 

 
 
Health Ministry, 
Division De La Radioprotection, 
Villa Louvigny, 
Allee Marconi, 
2120 Luxembourg, 
Luxembourg 
 

MOROCCO 
 
Dehbi, N. 
 

 
 
National Center For Nuclear Energy, 
Sciences and Techniques, 
Cnesten Maamora, 
B.P. 1382, 
Rp 10001 Rabat, 
Morocco 
 

234



 

Benmansour, M. 
 

Division Des Applications Aux Sciences,  
De La Terre Et De L Environnement, 
Centre National De L Energie Des Sciences 
Et Des Techniques Nucleaires, 
65 Rue Tansift- Agdal, B.P. 1382 
R.P. 10001, Rabat 
Morocco 
 

THE FORMER YUGOSLAV REPUBLIC OF 
MACEDONIA 
 
Stojanovska Z. 
 

 
 
 
Department for Radioecology, 
Republic Institute for Health Protection, 
50 Divizija No 6, 
1000 Skopje, 
The Former Yugoslav Republic of Macedonia 
 

Dimovska, S. 
 

Department for Radioecology, 
Republic Institute For Health Protection, 
50 Divizija 6, 
1000 Skopje, 
The Former Yugoslav Republic of Macedonia 
 

Januseski, J. 
 

Europe Department, 
Republic Institute for Health Protection, 
50 Divizija 6, 
1000 Skopje, 
The Former Yugoslav Republic of Macedonia 
 
 
 
 
 
 

MONTENEGRO 
 
Andjelic, T. 
 

 
 
Radiation Protection and Monitoring Department, 
Centre for Ecotoxicological Researches of Montenegro, 
Put Radomira Ivanovica 2, P.O. Box 371 
Yu-81000, Podgorica 
Montenegro 
 

MALAYSIA 
 
Yasir, M.S. 
 

 
 
Nuclear Science Programme, 
Universiti Kebangsaam Malaysia, 
Selangor Darulehsan, 
43600 Bangi, Selangor, 
Malaysia 
 

NETHERLANDS 
 
Kok, J.M. 
 

 
 
Nuclear Research & Consultancy Group, 
Mallinckrodt Medical B.V., 
Westerduinweg 3, 
1755  Zg, Petten, 
Netherlands 
 

NEW ZEALAND 
 
Hermanspahn, N. 
 

 
 
National Radiation Laboratory, 
108 Victoria St., 
8144 Christchurch, 
New Zealand 
 

  

235



 

OMAN 
 
Hindawy Saleh, I. 
 

 
 
Food and Water Laboratory Center, 
Ministry of Regional Munincipalities, Environment & Water 
Resources, 
Airport Region, Beside Golden-Tu, 
B O Box: 3094, 
Pc:C111 Muscat, 
Oman 
 

PAKISTAN 
 
Wasim, M. 
 

 
 
Chemistry Division, 
Pakistan Institute of Nuclear Science & Technology, 
P.O. Nilore, 
45650 Islamabad,  
Pakistan 
 

Jabbar, A. 
 

Health Physics Division, 
Pakistan Institute of Nuclear Science & Technology,  
45650 Islamabad,  
Pakistan 
 

PHILIPPINES 
 
Castaneda, S.S. 
 

 
 
Analytical Measurements Research Unit, 
Philippine Nuclear Research Institute, 
Commonwealth Avenue, 
1101 Quezon City,  
Philippines 
 
 
 
 
 
 
 

POLAND 
 

 

Mietelski, J.W. 
 

Nuclear Physical Chemistry, 
Henryk Niewodniczanski Institute of Nuclear Physics, 
Polish Academy of Sciences, 
152 Ul. Radzikowskiego, 
31-342 Krakow, 
Poland 
 

Froehlich, W. 
 

Institute of Geography and Spatial Organization,  
Polish Academy of Sciences, 
Homerka Laboratory of Fluvial Processes, 
113 Frycowa, 
00-118 Warsaw, 
Poland 
 
 

Pohorecki, W. 
 

Laboratory of NAA, 
Faculty of Physics and Applied Computer Science, 
University of Science and Technology (AGH), 
Al. Mickiewicza 30, 
30-059 Krakow, 
Poland 
 

Komosa, A. 
 

Department of Radiochemistry, 
Faculty of Chemistry, 
M. Curie-Sklodowska University, 
Plac Marii Curie-Sklodowskiej 3, 
20-031 Lublin, 
Poland 
 

236



 

Jodlowski, P. 
 

Faculty of Physics and Nuclear Techniques, 
University of Science and Technology (AGH), 
Al. Mickiewicza 30, 
30-059 Krakow, 
Poland 
 

Pietrzak-Flis, Z. 
 

Department of Radiation Hygiene, 
Central Laboratory For Radiological Protection, 
Ul. Konwaliowa 7, 
03-194 Warsaw – Zeran, 
Poland 
 

Muszynski, W. 
 

Central Laboratory For Radiological Protection, 
Ul. Konwaliowa 7, 
03-194 Warsaw, 
Poland 
 

Zalewska, T. 
 

Maritime Branch, 
Institute of Meteorology and Water Management, 
Ul. Waszyngtona 42, 
81-342 Gdynia, 
Poland 
 

Rachubik, J. 
 

Department of Radiobiology, 
National Veterinary Research Institute, 
Partyzantow 57, 
24-100 Pulawy, 
Poland 
 
 
 
 
 
 
 
 
 

PORTUGAL 
 
Madruga, M.J. 
 

 
 
Departmento De Proteccao Radiologica 
E Seguranca Nuclear, 
Instituto Tecnologico E Nuclear, 
E.N. 10, Apartado 21, 
2686-953 Sacavem, 
Portugal 

ROMANIA 
 
Simion, E. 
 

 
 
 
Radioactivity Laboratory, 
National Environmental Protection Agency, 
Splaiul Independetei Street 294, Sector 6,  
060031 Bucharest, 
Romania 
 

Tabacaru, C. 
 

Environmental Protection Agency Iasi, 
Strapungerii Silvestru Nr.31, Bl, 
Tronson 1 Etj Vii, Ap 42, 
700005 Iasi, 
Romania 
 

Pantelica, A. 
 

Nuclear Physics Department-Tandem, 
Horia Hulubei National Institute of R&D for Physics and 
Nuclear Engineering (IFIN-HH), 
407 Atomistilor Str., 
077125 Magurele, Ilfov County, 
Romania 
 

237



 

Puscasu, C. 
 

Environmental Protection Agency Constanta, 
Radioactivity Laboratory Constanta, 
23 Unirii Street, 
900532 Constanta, 
Romania 
 

Cojocaru, L. 
 

Environmental Protection Agency, 
Radioactivity Laboratory Craiova, 
1 Petru Rares Street, 
200349 Craiova-Dolj, 
Romania 
 

Done, L. 
 

Radioactive Waste Management Department, 
Horia Hulubei National Institute of R&D For Physics and 
Nuclear Engineering (IFIN-HH), 
407 Atomistilor Str., 
077125 Magurele, Ilfov County 
Romania 
 

Cincu, E. 
 

Activa-N  Laboratory, 
Department of Applied Physics, 
407 Atomistilor Street, 
77025 Bucharest, 
Romania 
 

Popescu, I.A. 
 

Radiation Hygiene Laboratory, 
Institute of Public Health and Medical Research, 
Victor Babes Street 14, 
700465 Iasi, 
Romania 
 

Apostu, A.M. 
 

Dept. of Life and Environmental Physics, 
Horia Hulubei National Institute of R&D For Physics and 
Nuclear Engineering (IFIN-HH), 
407 Atomistilor Street, 
077125 Magurele, Jud. Ilfov, 
Romania 
 

Porkolab, I. 
 

The Environmental Protection Agency Arad 
Environmental Radioactivity Monitoring Station 
Steagului No.128, 
Arad, 
Romania 
 

RUSSIAN FEDERATION 
 
Golosov, V. 
 

 
 
Laboratory For Soil Erosion and Fluvial Processes,  
Department of Geography, 
Lomonosov Moscow State University, 
Leninskie Gory1,  
Gsp-1 Moscow, 
Russian Federation 
 

SERBIA 
 
Vukanac, I. 
 

 
 
Laboratory For Nuclear and Plasma Physics, 
Vinca Institute of Nuclear Sciences, 
Mike Alasa 12-14, 
11001 Belgrade, 
Serbia 
 

Slivka, J. 
 

Department of Physics, 
Faculty of Science and Mathematics, 
Trg Dositeja Obradovica 4, 
21000 Novi Sad, 
Serbia 
 

238



 

Andric, V. 
 

Chemical Dynamics Laboratory 060, 
Vinca Institute of Nuclear Sciences, 
Mike Petrovica Alasa 12-14, 
P.O. Box 522, 
11001 Belgrade, 
Serbia 
 

Nikolic, J. 
 

Radiation and Environmental Protection Department, 
Vinca Institute of Nuclear Sciences, 
Mike Petrovica Alasa 12, 
11001 Vinca, 
Serbia 
 

Todorovic, D. 
 

Environmental Radiation Protection Department, 
Vinca Institute of Nuclear Sciences, 
Mike Petrovica Alasa 12, 
P.O. Box 522 
11001 Vinca, 
Serbia 
 

Vukovic, D. 
 

Radiation Hygienic Laboratory, 
Institutre of Veterinary Medicine, 
Laboratory for Radiation Hygiene, 
Autoput Br. 3, 
11070 Novi Beograd, 
Serbia 
 

Eremic-Savkovic, M. 
 

Radioecology Institute of Occupational and Radiological 
Health ‘Dr Dragomir Karajovic‘,  
Deligradska 29 
11000 Belgrade, 
Serbia 
 

Gajic-Kvascev, M. 
 

VND Project, 
Vinca Institute of Nuclear Sciences, 
Mike Petrovica Alasa 12-14, 
P.O. Box 522, 
11001 Belgrade, 
Serbia 
 

SLOVAKIA 
 
Matel, L. 
 

 
 
Department of Nuclear Chemistry, 
Comenius University, 
Mlynska Dolina Ch-1, 
842 15 Bratislava, 
Slovakia 
 

Durec, F. 
 

Department of Radiation Protection, 
Regional Authority of Public Health, 
Cesta K Nemocnici C.1, 
975 56 Banska Bystrica, 
Slovakia 
 

Chyly, P. 
 

Radiation Protection Department, 
Laboratory of Spectrometry, 
Nuclear Power Plant Mochovce, 
93539 Mochovce, 
Slovakia 
 

Rusnak, T. 
 

Unit of Laboratory and Special Measurements, 
Nuclear Power Plant Bohunice, 
919 31 Jaslovske Bohunice, 
Slovakia 
 

Balev, V. 
 

Off-Site Radiation Monitoring, 
Nuclear Power Plant Mochovce, 
Komenskeho 6, 

239



 

935 41 Mochovce, 
Slovakia 
 

SLOVENIA 
 
Stibilj, V. 
 

 
 
Department of Environmental Sciences, 
Institute Jozef Stefan, 
Jamova 39, 
1000 Ljubljana, 
Slovenia 
 

Jovanovic, P. 
 

Department of Physical Measurements, 
Zvd Zavod Za Varstvo Pri Delu D.D., 
Chengdujska Cesta 25, 
1000 Ljubljana, 
Slovenia 
 

Kozar-Logar, J. 
 

Laboratory For Liquid Scintillation Spectrometry,  
Department For Low and Medium Energy Physics, 
Institute Jozef Stefan, 
Jamova 39, 
1000 Ljubljana, 
Slovenia 
 

Giacomelli, M. 
 

Laboratory for Measurement of Specific Activities of 
Radionuclides, 
Zvd Zavod Za Varstvo Pri Delu D.D., 
Chengdujska Cesta 25, 
1000 Ljubljana, 
Slovenia 
 

SOUTH AFRICA 
 
Louw, I. 
 

 
 
Radioanalysis, 
South African Nuclear Energy Corporation, 
Building 1600 Church Street, 
0001 West Pretoria,  
South Africa 
 

Alard, M. 
 
 

Environmental Survey Laboratory Chemistry Group, 
Koeberg Nuclear Power Station, 
Eskom Nuclear Portfolio,  
R 27 - Bff   West Cost Road, 
7440 Kernkrag, Melkbosstrand, 
South Africa 
 

SPAIN 
 
Serrano Carreno, I. 
 

 
Radiochemistry Laboratory, 
Instituto De Tecnicas Energeticas, 
Universidad Politecnica De Catalunya, 
Avenida Diagonal 647, 
08028 Barcelona, 
Spain 
 

Penalver, S. 
 

Unitat De Radioquimica Ambiental I Sanitaria, 
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 
43895  L Ampolla, Tarragona, 
Spain 
 

Calabuig Ferrero, J. 
 

Laboratorio De Radiactividad Ambiental, 
Universidad De Valencia, 
Edificio De Investigacion, 
C/ Dr. Moliner 50, 
46100 Valencia, Burjassot, 
Spain 

240



 

 
Hurtado, S. 
 

Servicio De Radioisotopos, 
Universidad De Sevilla, 
Avda. Reina Mercedes 4, 
41012 Sevilla, 
Spain 
 

Llerena Cristobo, J.J. 
 

Laboratorio De Analisis De Radiaciones,  
Department of Particle Physics, 
Universidad De Santiago De Compostela, 
Avda. J. M. Suarez Nunez, S/N., 
Campus Sur, 
15782 Santiago De Compostela, 
Spain 
 

Gasco Leonarte, C. 
 

Radiactividad Ambiental Y Vigilancia Radiol, 
CIEMAT, 
22 Avda. Complutense,  
28040 Madrid, 
Spain 
 

Legarda, F. 
 

Departamento De Ingenieria Nuclear Y Mec. De Fluidos, 
Escuela Superior De Ingenieros, 
Universidad Del Pais Vasco, 
Alameda De Urquijo S/N, 
Apartado Postal 644, 
48013 Bilbao, 
Spain 
 

Navarro Navalon, E. 
 

Radiochemical Department, 
Laboratorio Geocisa, 
10-12 Los Llanos De Jerez,  
28820 Coslada, 
Spain 
 
 
 
 

Fernandez Jimenez, C. 
 

Laboratorio De Radiactividad Ambiental, 
Departamento De Fisica Aplicada, 
Facultad De Ciencias, 
Universidad De Malaga, 
Colonia Santa Ines, 
29071 Malaga, 
Spain 
 

Bruach Menchen, J.M. 
 

Departament De Fisica, 
Universitat Autonoma De Barcelona, 
Edifici C. Fac. De Ciencies, 
08193 Cerdanyola Del Valles, 
Spain 
 

Navarro, N. 
 

Servicio De Proteccion Radiologica, 
CIEMAT, 
22 Avda. Complutense, 
28040 Madrid, 
Spain 
 

Perez Marin, C. 
 

Labac  Departamento De Fisica Teorica (Nuclear), 
Facultad De Ciencias, 
Universidad De Zaragoza, 
C/ Pedro Cerbuna 12, 
50009 Zaragoza, 
Spain 
 

  

241



 

Hernandez Armas, J. 
 

Catedra De Fisica Medica, 
Departamento De Medicina Fisica Y Farmacologia, 
Faculty of Medicine, Building Iii 
Universidad De La Laguna, 
38320 La Laguna Tenerife, 
Spain 
 

Pena, V. 
 

Libra Laboratory, 
University of Valladolid, 
Edificio I+D, Campus Miguel Deli, 
47011 Valladolid, 
Spain 
 

Quindos Poncela, L.S. 
 

Universidad De Cantabria, 
C/ Cardenal Herrera Oria S/N, 
39011 Santander, 
Spain 
 

Vaca Galan, F. 
 

Dpto Fisica Aplicada, 
Experimentales Universidad De Huelva, 
La Rabida, 
21071 Huelva, 
Spain 
 

Calleja Garcia, A. 
 

Laboratorio De Radiactividad Ambiental, 
Escuela Universitaria Politecnica, 
Universidade Da Coruna, 
Adva 19 De Febrero, S/N Serrantes, Ferrol, 
15405 Coruna, 
Spain 
 

Ortiz, J. 
 

Lab. De Radioactividad Ambiental, 
Universidad Politecnica De Valencia, 
Camino De Vera 14, 
Apartado 22012, 
46022 Valencia, 
Spain 
 
 
 
 

Sierra Gil, S. 
 

Radiological Protection Department, 
Enusa Industrias Avanzadas, 
Ctra Salamanca - Ledesma, Km 26 
37115 Juzbado, Salamanca 
Spain 
 

Jose De Lucas, M. 
 

Laboratorio Medidas Ambientales Sl, 
Barrio Villacomparada S/N, 
09500 Burgos, 
Spain 
 

Llaurado, M. 
 

Departament De Quimica Analitica, 
Facultat De Quimica, 
Universitat De Barcelona, 
1-11 Marti I Franques,  
08028 Barcelona, 
Spain 
 

SRI LANKA 
 
Mahawatte, P. 
 

 
 
Department of Nuclear Science, 
University of Colombo, 
Kumaratunga Munidasa Mawatha, 
P.O. Box 1490, 
Colombo 3, 
Sri Lanka 
 

242



 

Shirani Seneviratne, M.C. 
 

Nuclear Analytical Services Section, 
Atomic Energy Authority, 
No. 60/460 Baseline Road, 
Orugodawatta, Wellampitiya, 
Sri Lanka 
 

SWEDEN 
 
Petterson, H.B.L. 
 

 
 
Department of Radiation Physics,  
Faculty of Health Sciences, 
Linkoeping University, 
Halsouniversitetet, 
518 85 Linkoeping, 
Sweden 
 

Askeljung, C. 
 

Radiometry, 
Studsvik Nuclear Ab, 
Gpl 31, 
611 82 Nykoeping, 
Sweden 
 

Olsson, M. 
 

Forsmarks Kraftgrupp Ab, 
74203 Oesthammar, 
Sweden 
 

Isaksson, M. 
 

Department of Radiation Physics, 
Goeteborg University, 
Sahlgren University Hospital, 
Gulastraeket 2b, 
413 45 Goeteborg, 
Sweden 
 

SWITZERLAND 
 
Roellin, S. 
 

 
 
 
Spiez Laboratory,  
Swiss Defence Procurement Agency, 
Federal Department of Defence, 
Civil Protection and Sports Ddps, 
3700 Spiez, 
Switzerland 
 

Sybille, E. 
 

Departement Federal De L Interieur, 
Dfi office Federal De La Sante Publique,  
Ofsp Unite De Direction Protection  
Des Consommateurs, 
Schwarzenburgstrasse 165, 
3097 Liebefeld, 
Switzerland 
 

Froidevaux, P. 
 

GSE, 
Institut De Radiophysique Appliquee, 
Rue Du Grand-Pre 1, 
1007 Lausanne, 
Switzerland 
 

Eikenberg, J. 
 

Division For Radiation Protection, 
Paul Scherrer Institut, 
Reaktorstrasse 1, 
5232 Villigen  Psi, 
Switzerland 
 
 

  

243



 

SYRIAN ARAB REPUBLIC 
 
Al-Merey, R. 
 

 
 
Quality Assurance Office, 
Atomic Energy Commission of Syria, 
Kafersosah,  
17 Nisan Street, 
P.O.Box. 6091, 
Damascus, 
Syrian Arab Republic 
 
 

THAILAND 
 
Srisuksawad, K. 
 

 
 
Thailand Institute of Nuclear Technology, 
Ongkharak Nuclear Research Center, 
Office of Atomic Energy For Peace, 
9/9 Moo 7 Saimoon Ongkharak, 
10900 Bangkok,  
Thailand 
 

TUNISIA 
 
Berrached, M.N. 
 

 
 
Laboratoire De Spectrom, 
Centre National De Radioprotection, 
Place Bab Saadoun Bab Souika, 
Bp 184, 
1006 Tunis, 
Tunisia 
 

Nouioui, M. 
 

Laboratoire De Spectrom, 
Centre National De Radioprotection, 
Place Bab Saadoun Bab Souika, 
Bp 184, 
1006 Tunis, 
Tunisia 
 

TURKEY 
 
Dirican, A. 
 

 
 
Turkish Atomic Energy Authority, 
Saraykoy Nuclear Research and Training Center, 
Istanbul Road 30km, 
06983 Saray, Ankara, 
Turkey 
 
 
 

Haznedaroglu, H. 
 

Quality Unit, 
Turkish Atomic Energy Authority, 
Cekmece Nuclear Research and Training Center, 
Altinsehir Yolu 5km, 
34303 Kucukcekmece, 
Turkey 
 

Taygun Guray, R. 
 

Department of Physics, 
Kocaeli University, 
Fen Edebiyat Fakultesi, 
Fizik Bolumu 
41380 Umuttepe, 
Turkey 
 

Solmaz, A. 
 

Institute of Nuclear Sciences, 
Ankara University, 
Besevler Au Merkez Yerleskesi,  
06100 Ankara, 
Turkey 
 

  

244



 

TAIWAN 
 
Huh, C.A. 
 

 
 
Institute of Earth Sciences, 
Academia Sinica, 
128 Section 2 Academy Road, 
P. O. Box 1-55, Nankang, 
11529 Taipei,  
Taiwan 
 

Wuu, J.L. 
 

Health Physics Institute of Nuclear, 
Energy Research, 
No. 1000 Wunhua Rd., 
32546 Longtan Township,  
Taoyuan County 
Taiwan 
 

Huang, C.C. 
 

Radiation Monitoring Center, 
Taiwan Atomic Energy Council, 
823 Cherng-Ching Road, 
833 Kaohsiung, 
Taiwan 
 
 

UKRAINE 
 
Buzynnyy, M. 
 

 
 
Radiation Hygiene Mnitoring Laboratory, 
Marzeyev Institute of Hygiene and Medical Ecology, 
Academy of Medical Sciences of Ukraine, 
50 Popudrenko Str., 
02094 Kiev, 
Ukraine 
 

Bondarkov, M. 
 

International Radioecology Laboratory, 
Chornobyl Center For Nuclear Safety,  
77th Gvardiiska Dyviziya Srt, 
P.O. Box 151, 
07100 Slavutych, Kiev, 
Ukraine 
 

Laptev, G. 
 

Radiation Monitoring Department, 
Ukrainian Hydrometeorological Institute, 
37 Prospect Nauki,  
03028 Kiev, 
Ukraine 
 
 
 
 

Ozornov, A. 
 

Radiochemical Laboratory, 
State Specialised Scientific and  
Industry Enterprise – Chernobyl,  
Radioecology Center (Sssie Ecocenter), 
Shkilna Str. 6, 
07270 Chernobyl, 
Ukraine 
 

Solovyov, V. 
 

Laboratory of Applied Radioecology, 
Scientific Center of Ecological Safety Ltd, 
Brativ Podjio Street 11, 
P.O.Box 20, 
65031 Odessa, 
Ukraine 
 

  

245



 

UNITED KINGDOM 
 
Wilson, R.C. 
 

 
 
Environmental Science, 
Westlakes Scientific Consulting Ltd, 
The Princess Royal Building, 
Westlakes Science & Technology Park 
Moor Row, 
Whitehaven, Cumbria Ca243ln, 
United Kingdom 
 

Stewart, C. 
 

Laboratory Services, 
UKAEA, 
D1310 Dounreay, 
Thurso, Caithness, Kw14 7tz, 
Scotland, 
United Kingdom 
 

Smedley, P. 
 

Centre For Environment,  
Fisheries and Aquaculture Science, 
Pakefield Road, 
Lowestoft, Nr33 0ht, 
Suffolk, 
United Kingdom 
 

Tyler, A. 
 

Environmental Radioactivity Laboratory, 
School of Biological and Environmental Sciences, 
Stirling University, 
Stirling, Fk9 4la, 
Scotland, 
United Kingdom 
 

Blake, W. 
 

School of Geography, Earth and Environmental Sciences, 
Consolidated Radioisotope Facility, 
University of Plymouth, 
Drake Circus, 
Plymouth, 
United Kingdom 
 

Warwick, P.E. 
 

Geosciences Advisory Unit, 
National Oceanography Centre, 
European Way, 
Southampton, So14 3zh, 
United Kingdom 
 

Gingell, T. 
 

Dstl, Environmental Sciences Department, 
C/O Institute of Naval Medicine, 
Crescent Road, 
Gosport, Po12 2rd, 
United Kingdom 
 
 
 
 

Wells, C. 
 

Radiochemistry, 
Centre For Ecology & Hydrology, 
Lancaster Environment Centre, Library Avenue, 
Bailrigg, 
United Kingdom 
 

John, M. 
 

Chemical and Mettalurgical, 
Service Department,  
Springfields Fuels Ltd, 
Westinghouse, 
Salwick, Preston, Pr4 0xj, 
United Kingdom 
 

  

246



 

Benzing, R. 
 

Radiochemistry, 
Harwell Scientifics, 
Harwell International Business Centre, 
551, South Becquerel Avenue, Didcot, Ox11 Otb, 
Oxfordshire, 
United Kingdom 
 

UNITED STATES OF AMERICA 
 
Kusum Perera, S. 
 

 
 
Sanitation & Radiation Laboratory Branch, 
California Department of Health Services, 
850 Marina Bay Parkway,  
Richmond, Ca 94804-6403, 
United States of America 
 

Lucas, A.C. 
 

Lucas Newman Science and Technologies, Inc., 
1110 Innovation Way, 
74074 Stillwater,  
United States of America 
 

Nemeth, W.K. 
 

Radiological Services Group, 
State of New Jersey,  
Department of Health and Senior Services,  
P.H.E.L., E.C.L.S. 
369 South Warren Street,  
Trenton, 08625-0360, 
New Jersey, 
United States of America 
 

Carrender, S. 
 

Missouri State Public, 
Health Laboratory, 
101 N. Chestnut, 
Jefferson City, Mo 65101, 
United States of America 
 

Mehrhoff, M. 
 

Radiochemistry Section, 
State of Iowa Public Health Lab, 
University Hygienic Laboratory, 
E102 Oh Oakdale Campus, 
Iowa City, Iowa 52242, 
United States of America 
 

Claver, K.T. 
 

Environmental Assessment Laboratory, 
Idaho State University, 
785 South 8th Avenue, 
Pocatello, Id 83209, 
United States of America 
 

West, L. 
 

Wisconsin State Laboratory of Hygiene, 
2601 Agriculture Drive, 
Madison,  
Wi 53718, Wisconsin, 
United States of America 
 
 

Hess, C.T. 
 

Department of Physics and Astronomy, 
University of Maine, 
120 Bennett Hall, 
Orono, Me 04469-5709, 
United States of America 
 

Fauth, D. 
 

National and Homeland Security Directorate, 
Savannah River National Laboratory, 
Building 735-A, 
Aiken, 
United States of America 
 

247



 

Port, E. 
 

Radiation Safety Services Inc., 
6312 West Oakton Street, 
Morton  Grove, Il 60053-2723 
United States of America 
 

Kahn, B. 
 

Environmental Radiation Center, 
Georgia Institute of Technology, 
Environmental Radiation Center, 
Baker Bldg, 925 Dalney St., 
Atlanta, Ga 30332-0841, 
United States of America 
 

Escalante, J. 
 

Bureau of Radiation Control, 
Florida Department of Health, 
2044 All Childrens Way, 
Orlando, Fl 32818, 
United States of America 
 

Freeman, A. 
 

Battelle Energy Alliance, Llc, 
Reactor Technology Complex, 
Radioanalytical Laboratory, 
Idaho National Engineering Lab., 
U.S. Doe, Mtr 604, Lab 124, 
P.O. Box 1625, 
Scoville, Id  83415-7111, 
United States of America 
 

Dunker, R.E. 
 

Environmental Monitoring Laboratory, 
Department of Physics/Health Physics, 
Building 3 Rm B107a, 
Idaho State University, 
785 South 8th Avenue, 
Campus Box 8106, 
Pocatello, Id 83209, 
United States of America 
 
 

VIETNAM 
 
Xuan, C.N. 
 

 
 
Center for Analytical Chemistry and Environment, 
Institute for Technology of Radioactive and Rare Elements, 
48 Lang Ha, 
61100 Ha Noi, 
Viet Nam 
 

Tran, K.D. 
 

Sedimentary Laboratory, 
Nuclear Research Institute, 
01 Nguyen Tu Luc Str., 
61100 Dalat, 
Viet Nam 
 

Sieu, L.N. 
 

Nuclear Research Institute 
01 Nguyen Tu Luc Street 
61100 Dalat 
Viet Nam 
 

Truong Thi, L.H. 
 

Nuclear Physics, 
Nuclear Research Institute, 
227 Nguyen Van Cu St. Dist. 5, 
61100 Ho Chi Minh City, 
Viet Nam 
 

 

 
 

248



 

LIST OF CONTRIBUTORS TO DRAFTING AND REVIEW 
  

A. Ceccatelli   International Atomic Energy Agency 

C.K. Kim     International Atomic Energy Agency 

G. Kis-Benedek    International Atomic Energy Agency 

U. Sansone    International Atomic Energy Agency 

A. Shakhashiro   International Atomic Energy Agency 

S. Tarjan    Hungarian Agricultural Authority 

 

249





@
������

��	
	�����
�	
�
����������������

����	����������������
�	����������	
��

��������������������������
�����������	
�
�����	����

��������������	���	�������		�����������
�������������
��	���	��������������

����� !"����������

������ 
�
#���������

��� ��$
�����%&'�(�

�������)�����*�+!,�*�-.-/��

+�	������0�1%.�-�2/.3�4444�5�6�70�1%.�-�2/.3�44''��

���
	0����$
��8���
���
��������5�(����

�0��

�099�������
���
��������

!� "
�#
:�������;��������$��������)�
�/3/��<=..23�<�����	���

+�	������0�1-/�/�>-'�&-�3'�5�6�70�1-/�/�>-'�3'�&.��

���
	0���������	�����8
������������5�(����

�0��

�099��������=��=	���������

$���%�
<�����������
�
����&>3.�6������<	$��� �

��/33��;�������*#�/343%=&-&%��� ���

+�	������0�.='33='%>=-&>4�5�6�70�.='33='%>=-&>3��

���
	0����
��������8�����������5�(����

�0��

�099���������������

)���������	
��
�?�!�������;
����.=>-%2�!���
���)����"

�����"�
��
���@.:�2:-��

+�	������0�1%.-�4&>�/%%>�5�6�70�1%.-�4&>�4%%3��

���
	0����������
8����������������5�(����

�0��

�099��������������������

$&
��
��������	
��

����
��!�
����0�!�
������	��������?�������
���!������

����+����	�

��� ��

������"��<�7�/.3-��<�
�
�?�

$'�$&���(�! 
$
 ������!A�� �)�"���@	�����$��-&4��.'3�/.�������2��

+�	������0�1&/3�/%%3-�>-%&�5�6�70�1&/3�/'&'/�.%&%��

���
	0������8��������B�5�(����

�0��

�099������������B�

)
� ��%
���
���
����@
������������"�<"C�./'�D@�������
��.E��6��=33.3.�,�	�
��
��

+�	������0�1->'�2�./.�&.�5�6�70�1->'�2�./.�&&>3��

���
	0����

	���8���
���
��������5�(����

�0��

�099�������
���
��������

)���$�
6���=��

��>������:����������"��<�7�/>��6=4>2/.����
��!���7�.2��

+�	������0�1--�.�&/�3.�&2�&2�5�6�70�1--�.�&/�3.�23�23��

���
	0�������

8������

����5�(����

�0��

�099�����������

����

;�$�
�
��� � ��.&>�����������$
?����2&/-%�!������!���7��

+�	������0�1�--�.�&4�&3�%4�3/�5�6�7�1--�.�&4�&3�%4�3/��

���
	0������	��$���
��8	�$�
�
������5�(����

�0��

�099����	�$�
�
������

"��#��*
��"=F��	�?��F��
�
���=�����F��	�?��G��,�����,��?��
���.3��#=>-..-�<�����

+�	������0�1�&2�//'�2&�23�/3�5�6�70�1&2�//'�2&�23�/3����1&2�//'�2&�23�///��

���
	0����
�		��?8���=$��	�?����5�(����

�0��

�099�������=$��	�?����

&��"��*
;
���
�����;
����<���������
����"��<�7�./%��,=.%>%�<������
��

+�	������0�1-%�.�/>4�4444�5�6�70�1-%�.�/>4�4&4/�5����
	0������8	
���
��������


�%
�
�		
������	
������G������.�
�6	�����#������,������.>��:�����,����
��*��?��<�		������
�
���*����
�&33�33.���

+�	������0�12.�//�//%.42/%9/4�5�6�70�12.�//�//%.42/'��

���
	0��		
���	8$��	�����5�(����

�0��

�099�����		
�����	
����������

<�����		��/94/���
������
�!�	�����#�	�
�..3332��

+�	������0�12.�..�/-/%'4'%��12.�..�/-/>4/%&�5�6�70�12.�..�/-/'.-.>��

���
	0�������		8$��	���
�


�� *
;
����
�� �
��

�
���#�

��;��
���
�<
��
��H���"�I��F
��!�����		
�%���=/3.&%�*
	����

+�	������0�1-2�3/�&'�2>�&>�>/����&'�2>�&>�%/�5�6�70�1-2�3/�&'�2>�&>�&'��

���
	0�
���8	
����
���
������5�(���

�0�����	
����
���
�����



+�(��
*���B���!��������;
����.-=%��
�������
��-��������!���=����+�����.3-=33/4��

+�	������0�1'.�-�-/4>�'>'/�5�6�70�1'.�-�-/4>�234/��

���
	0�������	8����B���������5�(����

�0��

�099��������B���������

��(�! 
$�,)�-,���
@�� ��������������

���<��
�����#��
�� �����<	�?��/���6	�����/4>=.�J��?�:��=���?� ��!��=G�� ���	�.-4=.-3�

+�	������0�13/�>'2�.4&3�5�6�70�13/�>'2�.4&%�5�(����

�0��

�099�����
���������

���&�� ��%�
#��;
����������
����

���	�����	
��

���<�F���*�������)��
���
���
�/3����;=4&'/�<A�,�������?����

+�	������0�1-.�D3E�>-�>4&333&�5�6�70�1-.�D3E�>-�>4/2/2%��

���
	0������8��	
������������5�(����

�0��

�099������	
������������

*��

�����
��������
����

���	��@����	�����>3����"��<�7�.'>-��/433�!A�A��
��������

+�	������0�1-.�42-�%'&�&33�5�6�70�1-.�42-�%.>�%2'��

���
	0�
���8�
�������	�5�(����

�0��

�099�����
�������	�

 ��
������A�

	
�?�����$�����"��<�7�'-3��/.%3� A�;
�����

+�	������0�1-.�/>/�&->�...�5�6�70�1-.�/>/�&.>�'''��

���
	0�
�����8���
���	�5�(����

�0��

�099�������
���	�

����'�� ��%
#���������

��� ��$
�����%&'�(�

�������)�����*�+!,�*�-.-/�����
��	
���

+�	������0�1%.�-�2/.3�4444�5�6�70�1%.�-�2/.3�44''��

���
	0����$
��8���
���
��������5�(����

�0��

�099�������
���
��������

� ,.��
�
!�������$��A�	�B���������@��

����$��/�� �=.>./�;���	������

+�	������0�1-'%�.�&-/�-.�&&�5�6�70�1-'%�.�/-3�.&�->��

���
	0�
����
������8��������$�=B��
�5�(����

�0��

�099������������$�=B��
9�$�B�

�(�
�
#K�B���� ��
���� ������9�:����<��$���-����=/'33%�*���
���

+�	������0�1-&�2.�4'.�2&�'3�5�6�70�1-&�2.�>4>�>>�%-��

���
	0��������8�
�B�����
������������	�8�
�B�����
������������	���8�
�B�����
���������	
�8�
�B�����
�����

(����

�0��

�099�����
�B�����
������

��
��%�-
�"%,#
+��� 
�

������"��
���;
�����
����

���	� �	����?�������"�<�7�/2������
�����)-�.�G���

+�	�������D������E0�1&&�'43�%33�>>>/�5�D��L�
�
��E0�1&&�/34�'4-�'-4/�5�6�70�1&&�/34�'4-�'/3-��

���
	�D������E0������������8
���������5�D��L�
�
��E0��������L�
�
��8
���������5�(����

�0��

�099����
���������

"�=	
�����������

#�;+����
��<����(��	���	����;
����-2��	�7������)��������	��
����� �������@+.>�/�M��

���
	0�
���8��������������5�(����

�0��

�099������������������

<��������
�����$
������
��

���
���
�
�;
������"��<�7�..2�� 
�$���?�� G.�&+���

+�	������0�1&&�.&-'4&'...�5�6�70�1&&�.&-'4&''&&��

���
	0�������8���
���
�
�����5�(����

�0��

�099�������
���
�
����

��
��%����
,��
#��
���33&��)����#!/=3'>-��6
��
��$������
�&%
�� 
���
������J�������J��.33.4��� ���

D��E�+�	������0�1'33�/>-=2%&%����1/./�2%-='-3/�5�6�70�1/./�2%-=-&'2��

���
	0����	
��

���8�����?�5�(����

�0��

�099���������?�

��
��%��������,)��#��
$�
<�����������
�
����&>3.�6������<	$���� �

��/33��;�������*#�/343%=&-&%�

+�	������0�.='33='%>=-&>4�5�6�70�.='33='%>=-&>3��

���
	0����
��������8�����������N�(����

�0��

�099���������������

)���������	
��
�?�!�������;
����'./�����
����$����"?�������?���J��.-%%2��

+�	������0�1'''�>>.�4&43�D
�		=����E�5�6�70�1'''�>%'�'>&%�D
�		=����E��

���
	0����������
8����������������5�(����

�0��

�099��������������������

,
�	
������
	/�	������
�����
0�����������	�����������������
���
	��
�0�

#�
1	������������	������2�
��	
������������0�����	
�3���	��3��

F
�������
����

���	�!��
�����"�<�7�.33��.&33�F
���������
�
��

+�	������0�1&-�.�/%33�//>/2�D���//>-3E�5�6�70�1&-�.�/%33�/2-3/�

���
	0���	������	
��

���8
������?�5�(����

�0��

�099����
������?9�����

12
-1
14
31


	FOREWORD
	CONTENTS
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Proficiency test objectives
	2.2. Participants
	2.3. Preparation of the proficiency test materials

	3. PERFORMANCE CRITERIA
	3.1. Relative bias
	3.2. The z-score value
	3.3. The u-score value

	4. RESULTS AND DISCUSSION
	4.1. General
	4.2. General recommendations to the participating laboratories and lessons learned
	4.3. Recommendations regarding gamma emitting radionuclides in water
	4.4. Recommendations related to the analysis of Pb-210 in moss-soil sample
	4.5. Recommendations related to the analysis of Ra-226 in moss-soil sample
	4.6. Lessons learned related to Tl-208 determinations
	4.7. Lessons learned related to radiochemical determinations

	5. CONCLUSIONS
	REFERENCES
	APPENDIX I - PERFORMANCE EVALUATION TABLES SORTED BY ANALYTE
	Performance evaluation of Cs-137 measurement results
	Performance evaluation of K-40 measurement results
	Performance evaluation of Tl-208 measurement results
	Performance evaluation of Pb-210 measurement results
	Performance evaluation of Pb-210 measurement results
	Performance evaluation of Po-210 measurement results
	Performance evaluation of Pb-212 measurement results
	Performance evaluation of Pb-214 measurement results
	Performance evaluation of Bi-214 measurement results
	Performance evaluation of Ra-226 measurement results
	Performance evaluation of Ra-226 measurement results
	Performance evaluation of Ac-228 measurement results
	Performance evaluation of Th-234 measurement results
	Performance evaluation of Am-241 measurement results
	Performance evaluation of Am-241 measurement results
	Performance evaluation of Pu-238 measurement results
	Performance evaluation of Pu-239+240 measurement results
	Performance evaluation of Sr-90 measurement results
	Performance evaluation of U-234 measurement results
	Performance evaluation of U-238 measurement results
	Performance evaluation of Co-57 measurement results
	Performance evaluation of Co-60 measurement results
	Performance evaluation of Cs-134 measurement results
	Performance evaluation of Cs-137 measurement results
	Performance evaluation of Eu-152 measurement results
	Performance evaluation of Co-57 measurement results
	Performance evaluation of Co-60 measurement results
	Performance evaluation of Cs-134 measurement results
	Performance evaluation of Cs-137 measurement results
	Performance evaluation of Eu-152 measurement results
	Performance evaluation of Co-57 measurement results
	Performance evaluation of Co-60 measurement results
	Performance evaluation of Cs-134 measurement results
	Performance evaluation of Cs-137 measurement results
	Performance evaluation of Eu-152 measurement results

	APPENDIX II - LIST OF PARTICIPATING LABORATORIES
	LIST OF CONTRIBUTORS TO DRAFTING AND REVIEW



