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FOREWORD 
 
The Analytical Laboratories for the Measurement of Environmental Radioactivity 
(ALMERA) network is a cooperative effort of analytical laboratories worldwide. Members of 
the network are nominated by their respective Member States on the expectation of providing 
reliable and timely analysis of environmental samples in the event of an accidental or 
intentional release of radioactivity. 
 
The ALMERA network consists of 131 laboratories representing 81 Member States at 
December 2012. The IAEA’s Environment Laboratories in Seibersdorf and Monaco are the 
central coordinators of the ALMERA network activities. 
 
The IAEA helps the ALMERA network to maintain their readiness by coordinating activities, 
including the organization of meetings, development of standardized methods of sample 
collection and analysis, and organization of interlaboratory comparison exercises and 
proficiency tests as tools for external quality control.  
 
IAEA proficiency tests and interlaboratory comparison exercises are organized on a regular 
basis specifically for the members of the ALMERA network. At least one exercise is 
organized per year by the IAEA for the ALMERA network. These exercises are designed to 
monitor and to demonstrate the performance and analytical capabilities of the network 
members, and to identify gaps and problem areas where further development is needed. The 
ALMERA proficiency tests enable ALMERA members to report their results on gamma 
emitting radionuclides in a very short time frame, i.e. three days, which is what would be 
required for emergency response. 
 
This publication presents the results of the ALMERA proficiency test IAEA-TEL-2011-04 on 
the determination of natural and artificial radionuclides in water and soil. The methodologies, 
data evaluation approach, summary evaluation of each radionuclide and individual evaluation 
reports for each laboratory are also described. 
 
The IAEA would like to express its appreciation to A. Shakhashiro for the design and 
preparation of this proficiency test, as well as to S. Tarjan for assistance in the evaluation of 
results and report preparation. The IAEA officer responsible for this publication was A. Pitois 
of the IAEA Environment Laboratories. 
 



EDITORIAL NOTE

This publication has been prepared from the original material as submitted by the authors. The views expressed do not necessarily 
reflect those of the IAEA, the governments of the nominating Member States or the nominating organizations.

This publication has not been edited by the editorial staff of the IAEA. It does not address questions of responsibility, legal or otherwise, 
for acts or omissions on the part of any person.

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.

The authors are responsible for having obtained the necessary permission for the IAEA to reproduce, translate or use material from 
sources already protected by copyrights.
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1. INTRODUCTION 

 

The 2011 ALMERA proficiency test was related to the determination of natural and 

anthropogenic radionuclides in water and soil samples. It covered the main radionuclides and 

environmental matrices of interest for environmental radioactivity monitoring activities.  

In this proficiency test, the sample set consisted of three water samples and one soil sample. 

The water samples were spiked with anthropogenic radionuclides and the soil sample 

contained both natural radionuclides and anthropogenic radionuclides from the Chernobyl 

accident. The participating laboratories were requested to analyse H-3, Co-60, Ba-133,       

Cs-134, Cs-137, Eu-152 and Am-241 in water and K-40, Sr-90, Cs-137, radioisotopes from 

the uranium and thorium decay series, Pu-238, Pu-239+240 and Am-241 in soil. These 

materials represent the ‘regular’ type of ALMERA proficiency test samples as agreed during 

the second ALMERA coordination meeting.  

 

Fifty-seven laboratories registered to the 2011 ALMERA proficiency test. The test items were 

prepared and distributed in November 2011 to the 57 ALMERA laboratories. They then had 

the possibility to report their results on gamma emitting radionuclides in a very short time 

frame, i.e. 3 days, as this would be required for emergency response. The deadline for 

receiving all results from the participants was set to the 30
th

 January 2012, and 51 of the 

initially registered laboratories reported their results on time. This 89% reporting ratio is the 

highest in the history of the ALMERA network. All those participants who have reported 

their results are listed at the end of this report in the Appendix III. A laboratory code is 

associated to each participant and therefore the participating laboratories in this proficiency 

test can be identified. In addition 38 ALMERA laboratories took part in the world-wide 

proficiency test, open to all laboratories around the world; therefore altogether 89 ALMERA 

laboratories can be considered as having taken part to a proficiency test organised by the 

IAEA in 2011. Exactly the same sample set was used for both the ALMERA and world-wide 

proficiency tests in order to be able to compare their respective performances. 

 

Shortly after closing the database a rapid evaluation of the proficiency test, including all the 

important parameters and the obtained scores, was made available to participants. This 

provided an opportunity for the immediate correction or fine tuning of the applied 

radioanalytical methods. 
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2. MATERIALS AND METHODS 

 

2.1. PROFICIENCY TEST OBJECTIVES  

 

The 2011 ALMERA proficiency test was organised by IAEA on the determination of natural 

and anthropogenic radionuclides in water and soil samples, and it covered some of the most 

important tasks performed by laboratories involved in environmental radioactivity 

monitoring.  

 

The sample set consisted of three water samples and one soil sample. The water samples 

contained anthropogenic gamma emitting radionuclides and H-3 isotope.  

 

The gamma emitting radionuclides covered a wide energy range, i.e. 59.5-1332.5 keV, and 

several of them were cascade decaying radionuclides. The participants had therefore to apply 

true coincidence summing correction to achieve appropriate results. The concentration of the 

H-3 isotope was not directly measurable due to the presence of other beta emitters and the 

Compton effect of the gamma photons. Preparation steps such as distillation and removal of 

the dissolved O2 were required for the measurement of H-3. 

 

The IAEA-360 reference material was chosen for the soil sample. This material was collected 

close to the Chernobyl area and contained both natural radioisotopes typical of the geological 

environment and anthropogenic radioisotopes from the fallout following the reactor accident, 

including the transuranic (TRU) radionuclides. A total sample digestion technique was 

required for the determination of both natural uranium and TRU radioisotopes by alpha 

spectrometry to avoid any incomplete dissolution of uranium or TRU radionuclides during 

sample digestion. 

 

This proficiency test aimed to assess the analytical performance of the ALMERA laboratories 

in their environmental radioactivity monitoring activities. The reported results were evaluated 

in a short time frame and the laboratories were encouraged to take any corrective actions or 

technical improvements in case of identification of any shortcomings. 

 

2.2. PARTICIPANTS  

 

Fifty-one ALMERA laboratories from 57 initially registered reported their results to IAEA.  

A list of the participating laboratories, which reported their results in this proficiency test, is 

given in the Appendix III with their laboratory code. 

 

2.3. COMPOSITION OF PROFICIENCY TEST MATERIALS  

 

The PT sample set consisted of 4 samples as detailed in the following table. 

 

TABLE 1. SAMPLES DISTRIBUTED TO THE PARTICIPANTS  

Sample ID Material Volume Target analytes 

01 Water 500 g 
Co-60, Ba-133, Cs-134, Cs-137, Eu-152, 

Am-241 and H-3 
02 Water 500 g 

03 Water 500 g 

04 Soil (IAEA-360) 200 g 

K-40, Sr-90, Cs-137, Tl-208,Pb-210,        

Po-210, Pb-212, Pb-214, Bi-214, Ra-226, 

Ac-228, U-234, U-235, U-238, Pu-238,     

Pu-239+240 and Am-241  
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The photo of the sample set is shown on Fig. 1. 

 

FIG. 1. The distributed sample set. 

 

The activity levels of the materials were under the exemption levels and therefore did not 

require any special rules for their handling. 

 

Each water sample had a determined control weight; the participants were requested to weigh 

the water samples at the delivery of the package and to report the values to the IAEA for 

check. 

 

2.4. WATER SAMPLES (SAMPLES 01, 02 AND 03)  

 

2.4.1. Preparation of the spiked water samples 

 

The water samples have been prepared by three consecutive gravimetric dilutions from the 

high precision reference solutions. For the stability of the diluted stock solutions, inactive 

carrier was added in strong acidic environment. The identification and manufacturer of the 

high precision certified radioactive solutions are listed in Table 2. 

 

 

TABLE 2. IDENTIFICATION OF THE CERTIFIED RADIOACTIVE SOLUTIONS USED 

FOR THE PREPARATION OF THE WATER SAMPLES 

Radionuclide Code of the Certificate Manufacturer 

H-3
 

SRM4927F NIST 

Co-60 Co60-ELSB50 CERCA 

Ba-133 RSRBa-11 PLATOM 

Cs-134 Cs134ELSR50 CERCA 

Cs-137 CDZ64/S4/14/70 Amersham 

Eu-152 Eu152-ELMB90 CERCA 

Am-241 ER-25/178-18 UVVVR 
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Dilution factors of the first two solutions were validated by point source preparation applying 

relative measurements of the sources from the consecutive dilution steps while the final 

dilution was checked by volume source measurement. 

 

Dilution of the master spiking solution (containing all of the radionuclides for the water 

samples mentioned in Table 2) was performed using filtered and acidified tap water 

originated from Seibersdorf, Austria. The tap water had been previously analysed for each 

target radionuclide. The activity concentration of each radionuclide of interest was found to 

be below the detection limit of the proposed analytical method. 

 

Altogether three different water batches were produced with radioactivity levels varying 

within a factor of two. For homogenising the spiked water, a pump with multiple outlets was 

used to circulate the water in a tank of 600 litres. The total weight of all the bulk materials 

was 185 kg each, and for each one 370 bottles containing 500 g of water sample were 

prepared. 

 

2.4.2. Target values and associated combined uncertainty 

 

A well maintained and regularly controlled five digit AX 205/M analytical balance  

(SN 119472675) was used for the first two dilution steps. The accuracy of the balance was 

tested by the certified control weight 5.00000 g (type: YCS 01 352, certificate No 60128482). 

The water used for the final dilution step was weighed on a digital balance Sartorius I-31. 

The target values of the analytes were derived from the original certified values for 

traceability reasons. The uncertainties of each preparation step were determined and 

propagated into the final uncertainty [1].  

The combined standard uncertainty has two main contributors: 

• Uncertainty of the certified radioactive solutions specified in the certificate; 

• Uncertainty of the weight of water being spiked in the final dilution step. 

 

According to the accuracy of the analytical balance the uncertainties of the first two dilution 

steps are negligible as compared with the above mentioned components. As an independent 

control of the gamma emitting radionuclides, the point sources of these dilutions were 

compared to certified point sources of the same radioisotope prepared by a metrological 

institute. The results confirmed the certified values within the reported measurement results 

uncertainties. 

 

During the preparation the bottles were numbered according to their production order and the 

total mass of each bottle was registered for further quality control purpose. One sample from 

the beginning, one from the middle and one from the end were analysed for all radionuclides 

of interest to investigate any potential production trend. The standard deviations of all 

analytes were below the repeatability of the methods, showing the satisfactory homogeneity 

of the samples on the one hand and no production trend during the preparation on the other 

hand. The results of the control measurements were also in agreement with the derived target 

values and demonstrated that the entire preparation process was well controlled. The target 

values and associated uncertainties for water samples at the reference date 15 November 2011 

are given in Table 3. 
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TABLE 3. TARGET VALUES AND ASSOCIATED UNCERTAINTIES FOR WATER 

SAMPLES AT THE REFERENCE DATE 15 NOVEMBER 2011 

Nuclide 
Sample 01 Sample 02 Sample 03 

Activity
a
, 

Bq/kg 

Uncertainty
b
, 

Bq/kg 

Activity
a
, 

Bq/kg 

Uncertainty
b
, 

Bq/kg 

Activity
a
,

Bq/kg 

Uncertainty
b
, 

Bq/kg 

H-3 50.2 0.9 25.0 0.5 35.1 0.6 

Co-60 15.3 0.2 7.6 0.1 10.7 0.2 

Ba-133 5.0 0.1 2.5 0.1 3.5 0.1 

Cs-134 7.7 0.1 3.8 0.1 5.4 0.1 

Cs-137 6.2 0.1 3.1 0.1 4.4 0.1 

Eu-152 15.4 0.2 7.7 0.1 10.8 0.2 

Am-241 4.7 0.1 2.4 0.1 3.3 0.1 
aActivity = massic activity  
bUncertainty = standard combined uncertainty (with k = 1 coverage factor) 
 

 

2.5. SOIL SAMPLE (SAMPLE 04)  

 

2.5.1. Preparation and homogeneity study of the soil sample 

 

The soil was collected from the Chernobyl area for a reference material purpose. It was 

processed by the “Collaboration Centre for Reference Material of Terrestrial Origin 

(Hungary)”. The preparation included the following steps: drying, milling, sieving below the 

250 micron particle size and the homogenisation of 220 kg of this material. The particle size 

distribution was determined at the IAEA Terrestrial Environment Laboratory (TEL) in 

Seibersdorf, Austria and the result is shown on Fig. 2. This soil was assigned the name   

IAEA-360 by the IAEA reference material certification committee after a thorough 

characterisation of the material. 
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FIG. 2. Particle size distribution of the IAEA-360 soil. 

The homogenisation was performed in one batch. Before bottling, the homogeneity was tested 

using bulk sampling method and determination of gamma emitting radionuclides by high 

resolution gamma ray spectrometry. The bottling was carried out under normal laboratory 

conditions within one day taking all necessary precautions to avoid the segregation of the 

material. The bottles were numbered according to the production order for trend analysis and 

further quality control purposes. The dry content of the material was controlled during the 

entire preparation steps. Altogether 1200 packing units were prepared. 

 

The material was sterilised after bottling using gamma ray irradiation with a total dose of 

25 kGy, indicated by the red label on the bottle. 

 

The homogeneity study and trend analysis had been carried out from the bottled material 

according to the recommendation of the ISO Guide 35 [2]. Eleven bottles were selected using 

a random number generator and three replicates of each bottle were analysed by gamma ray 

spectrometry. The sample, closed into the Rn-tight metal sample container, had a weight of 

50.0 g. A N-type, 30% relative efficiency, coaxial HPGe detector with carbon epoxy window 

in 10 cm lead shield was used for the measurements. The spectrum collection time was 

80000 s. The sample-detector distance was adjusted to 5 mm. No absorber was applied. The 

good reproducibility of the geometry was obtained by a special sample holder tray system, 

which has a tightly fitted socket for the sample container. The positioning was tested with a 

calibration source in the same geometry; a 80 000 s long measurement time was used to 

achieve a high counting statistics and a standard deviation of the peak area better than 0.1%. 

Under these circumstances the standard deviation for the sample obtained from five repeated 

measurement was better than 0.2%. The contribution of the long term counting stability was 

also determined from five consecutive measurements without replacement of the calibration 

source. 
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The results are shown on Fig. 3. No significant heterogeneity in the sample was observed by 

trend analysis or ANOVA calculation. 
 

 

FIG. 3. Results of the homogeneity study for gamma emitting radionuclides in the IAEA-360. 

 

 

2.5.2. Methods of characterisation of the soil sample 

 

Gamma emitting radionuclides 

 

The following gamma emitting radionuclides were characterised in this material: 

• K-40 and Cs-137, which have no decay series; 

• Radionuclides from the U-238 decay series, i.e.Th-234, Pb-214, Bi-214 and Pb-210         

(Po-210); 

• Radionuclides from the Th-232 decay series, i.e.Ac-228, Pb-212 and Tl-208. 

 

The gamma ray spectrum of the material is shown on Fig. 4. 
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FIG. 4. Gamma ray spectrum of the IAEA-360. 

 

 

Beta emitting radionuclide 

 

The activity concentration of Sr-90 (in equilibrium with its progeny Y-90) was measured in 

the soil sample. The applied radioanalytical method was based on the isotope dilution analysis 

of the radiostrontium. A relatively large amount of inactive strontium (0.7125 g) was added as 

a carrier to the 50 g soil sample at the beginning of the sample preparation. The leaching 

technique was then used to dissolve the strontium from the sample. Chemical separation and 

two purification steps were carried out afterwards to remove any disturbing beta emitters. The 

OXFORD LB 05 low background alpha and beta counter, equipped with gas proportional 

detector, was applied for the measurement of the solid SrSO4 precipitate, once the                

Sr-90–Y-90 equilibrium had been reached. An AlphaGuard was installed in the counting 

room for controlling the main parameters, which may have an influence on the count rate. The 

Rn-222 concentration in the air and other parameters, such as room temperature, air pressure 

and humidity content, were recorded continuously. Eight samples were analysed for Sr-90 and 

their results are shown on Fig. 5. 
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FIG. 5. Results of the determination of Sr-90 (activity calculated for the reference date October 2009).  

 

 

The arithmetical mean value and its uncertainty were 2.7 (0.5) Bq/kg dry material at the date 

of measurements, on 1
st 

October 2009. 

 

Alpha emitting radionuclides 

 

Both natural and anthropogenic alpha emitting radionuclides were measured in the soil 

sample. The uranium and radium content of the sample are characteristic of the geological 

environment. The uranium content is expected to be in the range of the world average, which 

is around 25 Bq/kg. The sample contains also TRU isotopes, due to its origin close to the 

Chernobyl area. 

 

Uranium and transuranic isotopes 

 

The concentration of the uranium isotopes in the soil sample was measured by two 

independent methods, namely, by isotope dilution with U-233 tracer and measurement by 

ICP-MS, and by isotope dilution with U-232 tracer and measurement by alpha spectrometry. 

The concentration of the transuranic isotopes was measured by isotope dilution with Pu-242 

and Am-243 tracers and measurement by alpha spectrometry. 

 

The sample preparation is based on the fusion technique using a Katanax K1 type fluxer. The 

fluxer at work is shown on Fig. 6. 
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FIG. 6. The Katanax fluxer at work. 

 

A total wet digestion with HF, HCl and HNO3 was also used to study the behaviour of the 

material. Results obtained by the fusion and wet digestion are shown on Fig. 7. 

 

FIG. 7. The results obtained from different sample digestion techniques for the IAEA-360. 
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Radium-226 

  

Ra-226 was determined by isotope dilution alpha spectrometry. The samples were spiked with 

Th-229 tracer in equilibrium with its Ra-225 daughter. The samples were melt and dissolved 

using Li-methaborate fusion. Radium was pre-concentrated by co-precipitation with PbSO4. 

The precipitates were dissolved and alpha spectrometry sources were made by micro            

co-precipitation with BaSO4. The sources were measured when the At-217 (Astate) decay 

product of Ra-225 reached its maximum activity. 

 

2.5.3. Target values and associated combined uncertainties 

 

A group of expert laboratories was invited for the characterisation of the sample. The target 

values and assigned uncertainties, which are the best estimations of the true values, were 

derived from their reported results using robust statistics and weighted mean approach. The 

target values and associated uncertainties are given in Table 4, as characterised in the 

reference material IAEA-360. 

 

 

TABLE 4. TARGET VALUES FOR THE IAEA-360 SOIL (SAMPLE 04) 

Isotope 
Target valuea 

Bq/kg 

Uncertaintyb 

Bq/kg 
Remarks 

K-40 485 11  

Sr-90 2.4 0.5 Information value 
Cs-137 14.0 0.6  

Th-series 

Ac-228 41.0 2.0  
Pb-212 36.5 1.6  
Tl-208 13.0 0.7  

 

U-235 1.24 0.02  

U-series 

U-238 27.0 1.4  
U-234 26.4 2.0  
Ra-226 50.2 2.0  
Pb-214 50.0 3.8  

Bi-214 50.0 2.8  
Pb-210 42.6 2.2  

TRU isotopes 

Am-241 0.213 0.080 Information valuec 
Pu-238 0.050 0.014 Information valuec 
Pu-239+240 0.261 0.055 Information valuec 
a Reference date is 15 November 2011 
b Combined standard uncertainty at k = 1 coverage factor 
c Those are considered as an information value due to the low massic activity and high uncertainty 

 

 

Due to their low massic activity and high uncertainty value, the following analytes: Sr-90,   

Pu-238, Pu-239+240 and Am-241 were considered for interlaboratory comparisons only. The 

interlaboratory comparisons results for these analytes are given on Fig. 79-82 and in        

Tables 43-46 in the Appendix I; these analytes were not included in the proficiency test 

evaluation.  
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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 is 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’s 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 standard combined uncertainty associated with the target 

value of proficiency test samples and the standard uncertainty reported by the participating 

laboratories. According to the adopted approach, the reported results are evaluated against the 

acceptance criteria for accuracy and precision and assigned the status ‘Accepted’ or ‘Not 

accepted’, accordingly. In addition an intermediate status ‘Warning’ indicates potential 

problems [3]. A result must pass both criteria to be assigned the final status of ‘Accepted’. 

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 the reported result Valuerep as a ‘single measurement 

of the analyte concentration in a test material’ is to obtain 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% 

 

where: 

 Biasrel   is the relative bias; 

 Valuerep  is the reported value by the participant; 

 Valuetar  is the target value established by the IAEA. 
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3.2. PROFICIENCY TEST EVALUATION CRITERIA  

 

The proficiency test results were evaluated against the acceptance criteria for trueness and 

precision and assigned the status ‘Accepted’, ‘Warning’ or ‘Not Accepted’ accordingly [3]. 

 

3.2.1. Trueness 

 

The participant result is assigned ‘Accepted’ status for trueness if: 

 �1 ≤ �2 

where: 

�1 = �	�
����� − 	�
����
� 
and 

�2 = 2.58 × ������ + ���
�  

 

3.2.2. Precision 

 

To evaluate the precision of the measurement result an estimator P is calculated for each 

reported uncertainty, according to the following formula: 

 

� =  ! ����	�
�����"
� + # ���
	�
����
$

� × 100 

 

P directly depends on the uncertainty of the measurement result stated by the participant. 

Numerical values of the ‘Limit of Acceptable Precision’ (LAP) for each analyte respectively 

are defined for the 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 ‘Accepted’ for the stated uncertainty when P ≤ LAP. The 

LAP values used in the evaluation of all radionuclides are listed in Table 5. In the final 

evaluation, both scores for trueness and precision are combined. A result must obtain an 

‘Accepted’ score in both criteria to be assigned the final score ‘Accepted’. Obviously, if a 

score of ‘Not accepted’ was obtained for both trueness and precision, the final score will also 

be ‘Not accepted’. In cases where either precision or trueness is ‘Not accepted’, a further 

check is applied. The reported relative bias (Biasrel) is compared with the maximum 

acceptable bias (MAB). If Biasrel ≤ MAB, the final score will be ‘Accepted 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 a result close to the assigned property value is reported, but the associated 

uncertainty is large.  

 

If Bias > MAB, the result will be ‘Not accepted’. The MAB values used in the evaluation of 

all radionuclides are listed in Table 5. 
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From the participants’ measurements results, two groups of radioanalytical difficulties may be 

identified: 

• A missing or improper application of corrections for the following phenomena: 

• Spectral interferences; 

• Self-attenuation of the sample; 

• True coincidence summing effect; 

• Efficiency transfer for quite different geometries; 

• Moisture content correction. 

• Measurement of relatively low activity (low concentrations). 

 

The established MAB and LAP values are given in Table 5 for each analyte. 

 

TABLE 5. THE MAB AND LAP VALUES FOR EACH ANALYTE 

Sample ID Nuclide MAB LAP 

Sample 01-02-03 

(Water) 

H-3 20 20 

Co-60 15 15 

Ba-133 20 20 

Cs-134 20 20 

Cs-137 20 20 

Eu-152 15 15 

Am-241 20 20 

Sample 04 (Soil) 

K-40 20 20 

Sr-90 - - 

Cs-137 20 20 

Ac-228 20 20 

Pb-212 20 20 

Tl-208 20 20 

U-235 20 20 

U-238 20 20 

Ra-226 20 20 

Pb-214 20 20 

Bi-214 20 20 

Pb-210 (Po-210) 20 20 

Am-241 - - 

Pu-238 - - 

Pu-239+240 - - 
 

 

3.3. 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: 

 

 

%&'(�� = 	�
����
 − 	�
�����)  

 

where: 

 σ is the standard deviation of the target value. 
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On basis of the ‘fitness for purpose’ principle, the target standard deviation  

 

(σ) is set to: 0.10 x Valuetar. 

 

The laboratory performance is evaluated as 

• Satisfactory if | zscore | ≤ 2; 

• Questionable for 2 < | zscore | < 3; 

• Unsatisfactory for | zscore | ≥ 3. 

 

3.4. THE U-SCORE VALUE  

 

The value of the utest was calculated according to the following equation: 

 

���&� = �	�
����� − 	�
����
������� + ���
�  

 

where: 

utest is the value of the u-test; 

utar is the uncertainty of the target value; 

urep is the uncertainty of the reported value. 

 

This value was 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 combined standard uncertainty. This is especially useful when 

evaluating results, which uncertainty may overlap with the reference interval. 

 

The limiting value for the u-test parameter has been set to 2.58 for this proficiency test for a 

level of probability at 99%. A result passes the test if u < 2.58. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1. GENERAL  

 

Fifty-seven sample sets were distributed to the participants and 51 of them reported back their 

measurement results. Altogether 1547 measurement results were evaluated for the assessment 

of the laboratories’ performance. 

 

The individual evaluation of each laboratory was sent shortly after the closing of the database, 

enabling each laboratory to identify analytical issues and take corrective actions if necessary. 

The number of the reported results and obtained scores (Accepted, Warning, Not accepted) 

are summarised on Fig. 8. The laboratories were ordered according to the decreasing number 

of ‘Accepted’ (green) scores and then according to the increasing number of the ‘Not 

accepted’ (red) scores. The ‘Warning’ scores were marked with yellow, while the ‘Not 

reported’ analytes were marked with grey bars. They were not included into the ordering 

procedure. The total number of analytes is 34. This graphical method of presenting results 

allows the participating laboratories to compare their scores to those obtained by other 

laboratories and to benchmark their performance level. 
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FIG. 8. The individual performance of the laboratories. 
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The overall distribution of the scores are 64% ‘Accepted’, 15% ‘Not accepted’, 5% ‘Warning’ 

and 16% of non-reported results , as shown on Fig. 9. 

 

FIG. 9. The total performance of the laboratories. 

 

Since the same sample set was used for both the ALMERA and world-wide proficiency tests, 

the performance of the ALMERA and world-wide laboratories can be compared. In addition 

38 ALMERA laboratories took part in the world-wide proficiency test; therefore altogether 88 

ALMERA laboratories can be considered as having taken part to a proficiency test organised 

by the IAEA in 2011. Table 6 contains the world-wide, ALMERA and the combined 

ALMERA performance, i.e. with the addition of the ALMERA laboratories having taken part 

to the world-wide proficiency test.  
 

TABLE 6. COMPARISON OF THE PERFORMANCES OF THE WORLD-WIDE AND 

ALMERA LABORATORIES 

Group 
Accepted, 

% 

Not accepted, 

% 

Warning, 

% 

Not reported, 

% 

Numbers of 

laboratories 

World-wide 54 14 7 25 208 

ALMERA 64 15 5 16 51 

Combined ALMERA 58 16 6 20 89 

 

The individual performances of the combined ALMERA group are shown on Fig. 10.  
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FIG. 10. The combined ALMERA performance.  
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4.2. WATER SAMPLES  
 
Anthropogenic gamma emitting radionuclides and H-3 isotope were requested to be 
determined by the participating laboratories in three water samples. The isotopic ratios were 
identical in all samples but the concentrations were different for each sample. 
 
4.2.1. Tritium 
 
The tritium H-3 results were reported by 33 laboratories (66%) among the 50 participating 
laboratories. 
 
The tritium concentration was relatively high in all water samples (see Table 3.). However 
other beta and gamma emitting radionuclides were present in the samples and the Compton 
electrons from the interaction of the gamma photon with water represented a strong disturbing 
effect. Significant overestimation of the tritium concentration by some participating 
laboratories may be related to an inappropriate sample preparation (removing the gamma 
emitting radionuclides by distillation). The overall performance and the reported results are 
shown on Fig. 11-16 in the Appendix I, while the detailed data with the achieved scores are 
summarised in Tables 9-11 in the Appendix I. 
 
4.2.2. Single gamma emitting radionuclides  
 
The Cs-137 isotope is a common radionuclide present in the environment. Most of the 
laboratories are analysing it in their routine monitoring program. The determination of the   
Cs-137 activity was therefore a relatively easy task. All together 96% of the laboratories 
reported this isotope. The ‘Accepted’ scores were 94%, 88% and 90% for the samples 01, 02 
and 03, respectively. The radionuclide specific performances and the reported results with 
their uncertainties are shown on Fig. 17-22, while the detailed data with the achieved scores 
are summarised in Tables 12-14 in the Appendix I. 
 
The Am-241 isotope is a low energy gamma emitting radionuclide at 59.5 keV. The 
determination of this radionuclide can be carried out either with a N-type or BeGe or extended 
range detector with appropriate efficiency calibration in the low energy range. Significantly 
fewer laboratories reported 241Am results and the overall percentage of ‘Accepted’ scores was 
about 66-74% depending on the sample. The overall performances and reported results are 
shown on Fig. 23-28 in the Appendix I and the numerical data are summarised in 
Tables 15-17 in the Appendix I. In some cases relatively high uncontrolled biases were 
observed, which might be due to an extrapolated efficiency curve. 
 
4.2.3. Cascade decaying gamma emitting radionuclides 
 
The water sample set contained four cascade decaying radionuclides, i.e. Co-60, Ba-133, 
Cs-134 and Eu-152. From these isotopes the Co-60 has two consecutive transitions, which 
have more than 99.9% probability. The Co-60 has one clear ‘cascade transition’ producing a 
simple true coincidence summing (TCS) loss (summing-out) in close geometry. The energy 
level diagram of the Co-60 is shown on Fig. 83 in the Appendix II. 
 
The Ba-133 and Cs-134 radionuclides have a more complex internal energy structure, as 
shown on Fig. 84 and 85 in the Appendix II. Both of them have multiple cascade transitions, 
and even the summing effects of three transitions can be observed. None of them have a direct 
transition to the ground level of the daughter nucleus. 



20 

 

The Eu-152 has two different decay modes, one is electron capture (EC) and another is          

e
-
 emission (β

-
 decay); their probabilities are 72.08% and 27.92% respectively. Due to the     

β
-
 decay the high probability energy levels are in cascade (1123.189 keV and 344.282 keV) 

leading to TCS effect (Fig. 86 in the Appendix II). For the EC decaying of Eu-152 there is a 

special energy level at 1085.897 keV having direct transition to the ground level and there are 

a few contributors with smaller probability from higher energy levels. However from this 

energy level there are three another relatively high probability transitions to the ground levels 

through intermediate steps, giving chance for the visible true coincidence ‘summing-in’ 

effect. More details are given on the energy level diagrams of the Eu-152 on Fig. 86 and 87 in 

the Appendix II. In case of the Eu-152 both ‘summing-out’ and ‘summing-in’ possibilities 

should be considered. 

 

The most frequently applied calibration methods by the participating laboratories were the 

following: 

• Calibration with the same isotope, in the same geometry and use of direct comparison; 

• Calibration with ‘multi-gamma’ isotope mixture; 

• Calibration with ‘multi-gamma’ isotope mixture, and correction of the true coincidence 

summing effect during the calibration; 

• Generating the efficiency curve by model calculation, using characterised detector; 

• Calculating the efficiency value by efficiency transfer method (or software) based on 

detector parameters and one or more real spectra of calibrants. 

 

The calibration method with the same isotope, in the same geometry and use of direct 

comparison, can remove the difficulties related to the TCS effects. The calibration method 

with ‘multi-gamma’ isotope mixture is the most widely applied, cheaper and quicker 

technique to determine the efficiency function using a multi-gamma source. Typical 

compositions of the multi-gamma sources are shown in Table 6. 

 

 

TABLE 6. TYPICAL COMPOSITION OF CALIBRATION SOURCES 

Nuclide Half life Energy, keV "Normal" calibrant "Cascade free" calibrant 

Pb-210 22.23 (12) a 46.54 + + 
Am-241 432.6 (6) a 59.54 + + 
Cd-109 461.4 (12) d 88.03 + + 
Co-57 271.80 (5) d 122.06 + + 
Ce-139 137.641 (20) d 165.9 + + 
Hg-203 46.594 (12) d 279.2 + + 
113Sn 115.09 (3) d 391.7 + + 
Sr-85 64.850 (7) d 514.0 + + 
Cs-137 30.05 (8) a 661.67 + + 
Mn-54 312.13 (3) d 898.0 - + 

Y-88 106.626 (21) d 
898.04 

+ - 1836.05 

Zn-65 244.01 (9) d 1115.54  + 

Co-60 5.2711 (8) y 
1173.23 

+ - 1332.49 
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Using a ‘normal’ multi-gamma source the efficiency curve will be underestimated in the high 

energy range because of the TCS effect of the cascade lines for both Co-60 and Y-88. During 

the spectra evaluation this may result in an overestimation for the single gamma emitting 

radionuclides and acceptable results for the cascade gamma emitting radionuclides. 

 

The last three calibration methods consider the TCS effect, and the results are dependent on 

the software, the characterisation and the experience of the user. 

 

From the answers given by the participants in the questionnaire the results were separated into 

three groups: 

• Users who applied the TCS corrections; 

• Users who did not apply the TCS correction; 

• Users who did not answer this question. 

 

Approximately 35% of the laboratories indicated that they did not apply the TCS corrections, 

while 47% used it for the evaluation. A relatively large number of the participants, i.e.18% of 

them, did not answer this question. The arithmetical mean values of the reported results are 

summarised in Table 7. 

 

 

TABLE 7. THE SEPARATED ARITHMETICAL MEAN VALUES ACCORDING TO THE 

TCS CORRECTION 

Isotope 

Used Not used Not reported it Target 

value 

Number of 

laboratoriesa 

Activity, 

Bq/kg 

Number of 

laboratories 

Activity, 

Bq/kg 

Number of 

laboratories 

Activity, 

Bq/kg 

Activity, 

Bq/kg 
Sample 01 Water 

Co-60 16 15.1 12 15.3 5 15.3 15.3 
Ba-133 16 4.8 11 4.7 6 4.5 5.0 
Cs-134 16 7.5 11 7.0 6 7.0 7.7 
Eu-152 16 14.9 10 14.2 6 14.2 15.4 

Sample 02 Water 

Co-60 15 7.7 11 7.6 5 7.3 7.6 
Ba-133 16 2.7 10 2.3 5 2.2 2.5 
Cs-134 15 3.8 11 3.5 6 3.5 3.8 
Eu-152 15 7.7 11 7.1 6 7.1 7.7 

Sample 03 Water 

Co-60 16 10.5 11 10.6 6 10.4 10.7 
Ba-133 15 3.5 11 3.4 6 3.4 3.5 
Cs-134 16 5.1 11 4.8 6 5.0 5.4 
Eu-152 14 10.6 9 10.2 6 9.8 10.8 
a The results loaded by heavy calibration problem were removed from this evaluation. 

 

The comparison of the results of these groups for the Ba-133, Cs-134, Eu-152 radionuclides 

shows some negative bias due to the gap in TCS correction. However this bias is dependent 

on the sample. 

 

Reported results of the Co-60 isotope in water samples are in good agreement with the target 

values, regardless of the TCS correction because of the above mentioned effect. 

The overall performances for these radionuclides and the reported results are shown on        

Fig. 29-52 in the Appendix I. The numerical data and scores are summarised in Tables 18-29 

in the Appendix I. 
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4.3. SOIL SAMPLE (SAMPLE 04)  

 

4.3.1. Gamma emitting radionuclides 

 

The soil sample contained readily detectable K-40 and the progenies of the natural thorium 

and uranium decay series [4]. 

 

Potassium-40 

 

The overall performance of the laboratories is shown on Fig. 55. The reported results and 

their uncertainties are given on Fig. 56. It can be noticed from these two figures that most of 

the ‘Warning’ and ‘Not accepted’ results are coming from a slight overestimation of the 
40

K 

activity. The evaluation data were summarised in Table 31. 

 

The possible reasons for this overestimation may be: 

• An undercorrected background intensity; 

• An underestimated efficiency; 

• An extrapolated efficiency over the calibrated energy range. 

 

The last possible reason may happen if the Co-60 isotope represents the highest energy in the 

calibration source. 

 

Caesium-137 

 

The concentration of the Cs-137 isotope in the soil sample is relatively low considering the 

environment of origin. The typical detection limit is about 1-2 Bq/kg considering a 30% 

HPGe detector and a 100 cm
3
 volume cylindrical sample holder in close geometry to the 

detector. The activity concentration of the sample is therefore close to the detection limit. 

 

All laboratories measured this isotope and 48 of them obtained an ‘Accepted’ score. This 

corresponds to 96% of all laboratories. The scores and the reported data are shown on Fig. 53 

and 54 in the Appendix I. The numerical data with the evaluation are summarised in Table 30 

in the Appendix I. 

 

Progenies of the Th-232 decay series 

 

The Ac-228, Pb-212 and Tl-208 radioisotopes were measured for the Th-232 decay series. 

The overall performances for these radioisotopes are shown on Fig. 57, 59 and 61 in the 

Appendix I. The reported results are shown with their uncertainties on Fig. 58, 60 and 62 in 

the Appendix I. The peculiarity of this series is the branching of Bi-212 into Po-212 by beta 

and Tl-208 by alpha decay. The probability of the alpha decay is 35.93% [5]. There are still a 

few old nuclide libraries in use, which contain the gamma emission probability modified with 

the branching ratio. Those lead to overestimated results as shown on Fig. 62 in the     

Appendix I. The results of the evaluation are summarised in Tables 32-34 in the Appendix I. 

 

Progenies of the U-238 decay series 

 

The Pb-214, Bi-214 and Pb-210 radioisotopes were measured from the U-238 decay series. 

The Ra-226 isotope can also be considered as a gamma emitting radionuclide, but it has a 

strong spectral interference with the U-235 isotope. The Ra-226 has a weak (3.555%) gamma 

line at 186.21 keV, which is overlapping with the high intensity (57.0 %) line of the U-235.    
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The difference between the gamma intensity almost was compensated by the activity ratio of 

these two radionuclides in the sample, and resulted in comparable order of magnitude 

contribution to the peak area at 186 keV. A number of correction methods are available, but 

their results are usually questionable. As a consequence the evaluation of Ra-226 will be 

discussed in the section on the alpha emitting radionuclides.  

 

A characteristic of this series is the Rn-222 noble gas progeny. Its half-life is 3.8232 days and 

it is long enough to escape from the sample by diffusion, if the sample holder is not        

radon-tight. The Pb-214 and Bi-214 are in equilibrium with the Ra-226 via Rn-222. The 

exhalation of Rn-222 induces therefore an underestimation of Pb-214 and Bi-214 activities. 

The achieved scores and the reported values for the Pb-214 and Bi-214 are shown on         

Fig. 63-66 in the Appendix I. The overall performances of the laboratories are 50% and 34% 

respectively for these two radionuclides. The underestimation of the activities for these two 

radionuclides is probably related to the exhalation of the Rn-222. The smaller ratio of the 

‘Accepted’ scores for the Bi-214 comes from the uncorrected TCS effect, which leads to an 

additional bias into the same direction too. The evaluation data are summarised in Tables 35 

and 36 in the Appendix I.  

 

The Pb-210 radioisotope is a low energy (46.51 keV) gamma emitter of the uranium decay 

series. The precise measurement of this radioisotope requires the same detector configuration 

as proposed for the Am-241, but in addition the ‘low background’ option is strongly 

recommended. The achieved scores and the reported results are shown on Fig. 67 and 68 in 

the Appendix I. The evaluation data are summarised in Table 37 in the Appendix I. All 

together 70% of the laboratories reported measurement results for Pb-210 and 71% of them 

obtained an ‘Accepted’ score. 

 

Polonium-210 

 

The sample was collected after the Chernobyl accident and was processed and bottled in 

2008-2009. The sample preparation was carried out by physical steps only, without any 

influence on the chemical composition. Considering the age of the sample the Po-210-Pb-210 

equilibrium is reached in the sample, and therefore the characterised value for the Pb-210 is 

equal to the Po-210 concentration. A few participants, i.e. 17 of them, reported Po-210 results 

only. The reported values are in the 30-60 Bq/kg activity range, which is a quite moderated 

range balanced around the target value, as shown on Fig. 77 in the Appendix I. The 

distribution of the scores is given on Fig. 78 in the Appendix I, while the reported data are 

summarised in Table 42 in the Appendix I. 

 

4.3.2. Beta emitting radionuclide  

 

The activity level of the Sr-90 was close to the detection limit of several methods, in 

particular the one based on the use of the Sr-spec crown-ether column for the separation. The 

amount of sample intake for these methods is about 1-5 g, and therefore it was considered as 

an information value only. As a consequence the usual PT evaluation was not performed. The 

results are shown on Fig. 79 in the Appendix I and the numerical values are summarised in 

Table 43 in the Appendix I. 
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4.3.3. Alpha emitting radionuclides 

 

Uranium isotopes 

 

The analysis of the uranium isotopes in soil is a relatively complex task for the laboratories. A 

total digestion of the soil sample is required to avoid any loss of uranium during the sample 

preparation. All together 30 laboratories measured U-238 in the soil sample, corresponding to 

60% of the participants. A lower number of laboratories measured the other uranium isotopes. 

The achieved scores and the reported results are shown on Fig. 69-74 in the Appendix I. The 

numerical data are summarised in Tables 38-40 in the Appendix I. The ‘Not accepted’ scores 

are related to an underestimation of the uranium concentration, probably due to an incomplete 

dissolution of the uranium content of the sample.  

 

Radium-226 

 

All together 41 laboratories measured the Ra-226 isotope in the soil sample, i.e. 82% of the 

participating laboratories. More than half of them, i.e. 58%, reported ‘Accepted’ results. The 

reported activity range varies between 15 Bq/kg and 99 Bq/kg, which correspond to a 

relatively large range.  

The distribution of scores and reported results are shown on Fig. 75 and 76 in the Appendix I. 

The detailed data are summarised in Table 41 in the Appendix I. 

 

Transuranic radioisotopes 

 

The soil sample contained both americium and plutonium isotopes. Similarly to the Sr-90 

isotope, the concentration level of these radioisotopes was close to the detection limit of the 

most widely used radioanalytical methods. For this reason the usual PT evaluation was not 

performed. The reported results are scattered for these three isotopes (Pu-238, Pu-239+240 

and Am-241), the range of reported results covering almost three orders of magnitude. 

 

The reported values are shown on Fig. 80-82 in the Appendix I and the reported values are 

summarised in Tables 44-46 in the Appendix I. 

 

 

5. CONCLUSIONS 

 

The 2011 ALMERA proficiency test covered a large number of radionuclides measured in 

routine monitoring programmes. The results of this proficiency test enable the identification 

of the radioanalytical issues encountered by the laboratories and those, which need to be 

tackled in the frame of their internal Quality Control programme.  

 

Regarding gamma ray spectrometry, the main fields of development are related to: 

• The correction of the true coincidence summing effects for the determination of the 

cascade gamma emitting radionuclides; 

• The determination of the low energy gamma emitting radionuclides. 

 

Another issue is related to the radon-radium equilibrium in the sample, it deals with the 

sample preparation and the usage of appropriate (radon tight) sample holder especially if the 

radon exhalation of the sample is high. 
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Regarding the branching ratio of the Tl-208 isotope the update of the nuclide library by the 

laboratory is recommended. The DDEP database [4] is freely available on the home page of 

the ‘Laboratoire National Henri Becquerel’: www.nucleide.org/NucData.htm  

 

The radionuclides, which require the chemical processing of the sample, are generally more 

difficult for the laboratories to handle. This is demonstrated by a relatively wide range of 

reported results. In this field the laboratories should pay more attention to the radioanalytical 

work and the provider should share more information about the behaviour of the sample. 

 

The performances of the laboratories in the ALMERA and world-wide proficiency tests have 

been compared and their comparison is shown in Table 8.  

 

 

TABLE 8. COMPARISON OF THE PERFORMANCE OF THE LABORATORIES IN 

ALMERA AND WORLD-WIDE PROFICIENCY TESTS 

Performance ALMERA World-wide 

Over 50 % Accepted results 82% 66% 

Over 80 % Accepted results 22% 14% 

 

 

A better performance of the ALMERA participants is observed, which can be explained by 

the regular participation of the ALMERA laboratories in the ‘external Quality Control’ 

programme and by the organisation of several trainings for the ALMERA members. 
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APPENDIX I.  

EVALUATION PER ANALYTE. 

 

 

FIG. 11. Distribution of the scores for H-3 in water (sample 01). 

 

 

FIG. 12. Reported results and their uncertainties for H-3 in water (sample 01). 
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TABLE 9. PERFORMANCE EVALUATION OF DETERMINATION OF H-3 IN WATER 

(SAMPLE 01) 

 

Target value: 50.2 ± 0.9 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

2 57.8 3.7 6.4 15.1 1.5 2.0 7.6 9.8 A 6.6 A A 
3 51.6 1.1 2.2 2.8 0.3 1.0 1.4 3.7 A 2.8 A A 
5 51.8 3.9 7.5 3.2 0.3 0.4 1.6 10.3 A 7.7 A A 
8 49.0 6.0 12.2 -2.4 -0.2 -0.2 1.2 15.7 A 12.4 A A 
10 55.0 7.0 12.7 9.6 1.0 0.7 4.8 18.2 A 12.9 A A 
11 62.5 4.4 7.0 24.4 2.4 2.7 12.3 11.6 N 7.3 A N 
15 30.0 0.1 0.4 -40.2 -4.0 -22.2 20.2 2.3 N 1.8 A N 
16 49.3 3.5 7.1 -1.9 -0.2 -0.3 1.0 9.3 A 7.3 A A 
17 47.1 3.8 8.1 -6.2 -0.6 -0.8 3.1 10.1 A 8.3 A A 
18 77.1 3.2 4.2 53.6 5.4 8.1 26.9 8.6 N 4.5 A N 
19 57.2 1.3 2.3 13.9 1.4 4.4 7.0 4.1 N 2.9 A W 
21 63.3 5.9 9.3 26.1 2.6 2.2 13.1 15.4 A 9.5 A A 
23 60.5 3.5 5.7 20.5 2.1 2.9 10.3 9.2 N 6.0 A N 
29 66.2 9.5 14.3 31.9 3.2 1.7 16.0 24.5 A 14.4 A A 
30 55.6 0.3 0.6 10.7 1.1 5.6 5.4 2.5 N 1.9 A W 
32 97.0 11.0 11.3 93.2 9.3 4.2 46.8 28.5 N 11.5 A N 
35 52.3 2.6 5.0 4.2 0.4 0.8 2.1 7.1 A 5.3 A A 
37 52.5 1.8 3.4 4.6 0.5 1.2 2.3 5.1 A 3.8 A A 
39 42.0 1.0 2.4 -16.3 -1.6 -6.1 8.2 3.5 N 3.0 A W 
42 50.0 1.5 3.0 -0.4 0.0 -0.1 0.2 4.5 A 3.5 A A 
43 47.8 3.4 7.0 -4.8 -0.5 -0.7 2.4 8.9 A 7.2 A A 
45 51.2 2.3 4.4 2.0 0.2 0.4 1.0 6.3 A 4.8 A A 
46 69.7 7.0 10.0 38.8 3.9 2.8 19.5 18.2 N 10.2 A N 
47 52.5 1.8 3.4 4.6 0.5 1.1 2.3 5.2 A 3.9 A A 
48 54.1 5.8 10.7 7.8 0.8 0.7 3.9 15.1 A 10.9 A A 
49 70.2 4.7 6.7 39.8 4.0 4.2 20.0 12.3 N 6.9 A N 
50 70.3 11.9 16.9 40.0 4.0 1.7 20.1 30.8 A 17.0 A A 
52 40.8 1.9 4.6 -18.7 -1.9 -4.5 9.4 5.4 N 4.9 A W 
53 52.0 15.0 28.8 3.6 0.4 0.1 1.8 38.8 A 28.9 N W 
54 62.9 3.3 5.2 25.3 2.5 3.7 12.7 8.8 N 5.5 A N 
55 82.5 5.4 6.5 64.3 6.4 5.9 32.3 14.1 N 6.8 A N 
56 51.0 4.0 7.8 1.6 0.2 0.2 0.8 10.6 A 8.0 A A 
57 50.1 2.1 4.2 -0.2 0.0 0.0 0.1 5.9 A 4.6 A A 
2 46.8 2.0 4.3 -6.8 -0.7 -1.6 3.4 5.7 A 4.6 A A 
3 49.0 1.0 2.0 -2.4 -0.2 -0.9 1.2 3.5 A 2.7 A A 
5 50.9 7.7 15.0 1.4 0.1 0.1 0.7 19.9 A 15.1 A A 
8 58.4 2.1 3.6 16.3 1.6 3.6 8.2 5.9 N 4.0 A W 
10 55.4 2.8 5.1 10.4 1.0 1.8 5.2 7.6 A 5.4 A A 
11 38.7 0.5 1.2 -22.9 -2.3 -11.3 11.5 2.6 N 2.2 A N 
15 58.6 3.3 5.6 16.7 1.7 2.5 8.4 8.8 A 5.9 A A 
16 59.8 1.9 3.2 19.1 1.9 4.6 9.6 5.4 N 3.6 A W 
17 71.3 4.4 6.2 42.0 4.2 4.7 21.1 11.6 N 6.4 A N 
18 48.5 3.4 7.0 -3.4 -0.3 -0.5 1.7 9.1 A 7.2 A A 
19 65.8 3.0 4.6 31.1 3.1 5.0 15.6 8.1 N 4.9 A N 
21 62.9 9.3 14.8 25.3 2.5 1.4 12.7 24.1 A 14.9 A A 
23 62.0 5.0 8.1 23.5 2.4 2.3 11.8 13.1 A 8.3 A A 
29 259.0  0.0 415.9 41.6 232.0 208.8 2.3 N 1.8 A N 
30 33.3 3.9 11.7 -33.7 -3.4 -4.2 16.9 10.3 N 11.8 A N 
32 56.5 3.6 6.4 12.5 1.3 1.7 6.3 9.6 A 6.6 A A 
35 45.6 4.1 9.0 -9.2 -0.9 -1.1 4.6 10.8 A 9.2 A A 
37 68.8 10.3 15.0 37.0 3.7 1.8 18.6 26.7 A 15.1 A A 
39 47.4 5.5 11.6 -5.6 -0.6 -0.5 2.8 14.4 A 11.7 A A 
42 47.5 3.8 8.0 -5.4 -0.5 -0.7 2.7 10.1 A 8.2 A A 
43 68.2 14.9 21.8 35.9 3.6 1.2 18.0 38.5 A 21.9 N N 
45 64.6 3.5 5.4 28.7 2.9 4.0 14.4 9.3 N 5.7 A N 
46 46.8 3.4 7.2 -6.8 -0.7 -1.0 3.4 9.0 A 7.4 A A 
47 64.0 6.4 10.0 27.5 2.7 2.1 13.8 16.7 A 10.2 A A 
48 44.2 1.2 2.7 -12.0 -1.2 -4.0 6.0 3.9 N 3.3 A W 
49 46.4 2.4 5.2 -7.6 -0.8 -1.5 3.8 6.6 A 5.5 A A 
50 42.3 1.0 2.4 -15.7 -1.6 -5.9 7.9 3.5 N 3.0 A W 
52 50.5 1.0 2.0 0.6 0.1 0.2 0.3 3.5 A 2.7 A A 
53 59.3 3.9 6.5 18.0 1.8 2.3 9.1 10.2 A 6.7 A A 
54 52.5 2.3 4.3 4.6 0.5 0.9 2.3 6.3 A 4.7 A A 
55 51.2 4.6 9.0 2.0 0.2 0.2 1.0 12.1 A 9.2 A A 
56 47.2 7.6 16.1 -6.0 -0.6 -0.4 3.0 19.7 A 16.2 A A 
57 46.6 3.9 8.3 -7.1 -0.7 -0.9 3.6 10.2 A 8.5 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 13. Distribution of the scores for H-3 in water (sample 02). 

 

 

FIG. 14. Reported results and their uncertainties for H-3 in water (sample 02). 
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TABLE 10. PERFORMANCE EVALUATION OF DETERMINATION OF H-3 IN WATER 

(SAMPLE 02) 

 

Target value: 25.0 ± 0.5 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

2 25.0 3.0 12.0 0.0 0.0 0.0 0.0 7.8 A 12.2 A A 

3 27.8 1.4 5.0 11.2 1.1 1.9 2.8 3.8 A 5.4 A A 

5 27.8 0.5 1.8 11.2 1.1 4.0 2.8 1.8 N 2.7 A W 

8 26.3 0.7 2.7 5.2 0.5 1.5 1.3 2.2 A 3.3 A A 

10 35.0 2.0 5.7 40.0 4.0 4.9 10.0 5.3 N 6.1 A N 

11 26.1 3.1 11.9 4.4 0.4 0.4 1.1 8.1 A 12.0 A A 

15 95.0 7.0 7.4 280.0 28.0 10.0 70.0 18.1 N 7.6 A N 

16 5.8 0.4 6.1 -76.8 -7.7 -31.3 19.2 1.6 N 6.4 A N 

17 31.3 3.1 9.9 25.0 2.5 2.0 6.3 8.1 A 10.1 A A 

18 30.4 1.7 5.4 21.5 2.2 3.1 5.4 4.4 N 5.8 A N 

19 27.0 0.9 3.3 8.0 0.8 2.0 2.0 2.6 A 3.8 A A 

21 32.0 5.0 15.6 28.0 2.8 1.4 7.0 13.0 A 15.8 A A 

23 31.6 2.1 6.6 26.4 2.6 3.1 6.6 5.6 N 6.9 A N 

29 26.8 0.7 2.6 7.2 0.7 2.1 1.8 2.2 A 3.3 A A 

30 26.0 5.0 19.2 4.0 0.4 0.2 1.0 13.0 A 19.3 A A 

32 15.0 3.0 20.0 -40.0 -4.0 -3.3 10.0 7.8 N 20.1 N N 

35 24.4 3.9 16.0 -2.4 -0.2 -0.2 0.6 10.1 A 16.1 A A 

37 30.0 1.5 5.0 20.0 2.0 3.2 5.0 4.1 N 5.4 A N 

39 27.2 1.4 5.0 9.0 0.9 1.6 2.2 3.7 A 5.3 A A 

42 26.1 2.1 8.0 4.4 0.4 0.5 1.1 5.6 A 8.3 A A 

43 23.0 2.0 8.7 -8.0 -0.8 -1.0 2.0 5.3 A 8.9 A A 

45 27.1 1.2 4.2 8.4 0.8 1.7 2.1 3.2 A 4.7 A A 

46 24.8 3.7 14.8 -0.8 -0.1 -0.1 0.2 9.6 A 15.0 A A 

47 32.3 0.4 1.2 29.2 2.9 11.4 7.3 1.7 N 2.4 A N 

48 22.4 1.8 8.1 -10.4 -1.0 -1.4 2.6 4.8 A 8.3 A A 

49 29.3 1.3 4.4 17.2 1.7 3.1 4.3 3.6 N 4.9 A W 

50 27.1 2.0 7.4 8.4 0.8 1.0 2.1 5.3 A 7.6 A A 

52 26.0 0.9 3.5 4.2 0.4 1.0 1.0 2.7 A 4.0 A A 

53 35.6 3.1 8.7 42.4 4.2 3.4 10.6 8.1 N 8.9 A N 

54 22.6 1.1 4.9 -9.6 -1.0 -2.0 2.4 3.1 A 5.3 A A 

55 28.3 1.2 4.3 13.1 1.3 2.5 3.3 3.4 A 4.8 A A 

56 25.0 2.0 8.0 0.0 0.0 0.0 0.0 5.3 A 8.2 A A 

57 26.0 1.1 4.2 4.0 0.4 0.8 1.0 3.1 A 4.7 A A 

2 25.0 3.0 12.0 0.0 0.0 0.0 0.0 7.8 A 12.2 A A 

3 27.8 1.4 5.0 11.2 1.1 1.9 2.8 3.8 A 5.4 A A 

5 27.8 0.5 1.8 11.2 1.1 4.0 2.8 1.8 N 2.7 A W 

8 26.3 0.7 2.7 5.2 0.5 1.5 1.3 2.2 A 3.3 A A 

10 35.0 2.0 5.7 40.0 4.0 4.9 10.0 5.3 N 6.1 A N 

11 26.1 3.1 11.9 4.4 0.4 0.4 1.1 8.1 A 12.0 A A 

15 95.0 7.0 7.4 280.0 28.0 10.0 70.0 18.1 N 7.6 A N 

16 5.8 0.4 6.1 -76.8 -7.7 -31.3 19.2 1.6 N 6.4 A N 

17 31.3 3.1 9.9 25.0 2.5 2.0 6.3 8.1 A 10.1 A A 

18 30.4 1.7 5.4 21.5 2.2 3.1 5.4 4.4 N 5.8 A N 

19 27.0 0.9 3.3 8.0 0.8 2.0 2.0 2.6 A 3.8 A A 

21 32.0 5.0 15.6 28.0 2.8 1.4 7.0 13.0 A 15.8 A A 

23 31.6 2.1 6.6 26.4 2.6 3.1 6.6 5.6 N 6.9 A N 

29 26.8 0.7 2.6 7.2 0.7 2.1 1.8 2.2 A 3.3 A A 

30 26.0 5.0 19.2 4.0 0.4 0.2 1.0 13.0 A 19.3 A A 

32 15.0 3.0 20.0 -40.0 -4.0 -3.3 10.0 7.8 N 20.1 N N 

35 24.4 3.9 16.0 -2.4 -0.2 -0.2 0.6 10.1 A 16.1 A A 

37 30.0 1.5 5.0 20.0 2.0 3.2 5.0 4.1 N 5.4 A N 

39 27.2 1.4 5.0 9.0 0.9 1.6 2.2 3.7 A 5.3 A A 

42 26.1 2.1 8.0 4.4 0.4 0.5 1.1 5.6 A 8.3 A A 

43 23.0 2.0 8.7 -8.0 -0.8 -1.0 2.0 5.3 A 8.9 A A 

45 27.1 1.2 4.2 8.4 0.8 1.7 2.1 3.2 A 4.7 A A 

46 24.8 3.7 14.8 -0.8 -0.1 -0.1 0.2 9.6 A 15.0 A A 

47 32.3 0.4 1.2 29.2 2.9 11.4 7.3 1.7 N 2.4 A N 

48 22.4 1.8 8.1 -10.4 -1.0 -1.4 2.6 4.8 A 8.3 A A 

49 29.3 1.3 4.4 17.2 1.7 3.1 4.3 3.6 N 4.9 A W 

50 27.1 2.0 7.4 8.4 0.8 1.0 2.1 5.3 A 7.6 A A 

52 26.0 0.9 3.5 4.2 0.4 1.0 1.0 2.7 A 4.0 A A 

53 35.6 3.1 8.7 42.4 4.2 3.4 10.6 8.1 N 8.9 A N 

54 22.6 1.1 4.9 -9.6 -1.0 -2.0 2.4 3.1 A 5.3 A A 

55 28.3 1.2 4.3 13.1 1.3 2.5 3.3 3.4 A 4.8 A A 

56 25.0 2.0 8.0 0.0 0.0 0.0 0.0 5.3 A 8.2 A A 

57 26.0 1.1 4.2 4.0 0.4 0.8 1.0 3.1 A 4.7 A A 

a Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 15. Distribution of the scores for H-3 in water (sample 03). 

 

 

FIG. 16. Reported results and their uncertainties for H-3 in water (sample 03). 
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TABLE 11. PERFORMANCE EVALUATION OF DETERMINATION OF H-3 IN WATER 

(SAMPLE 03)  

Target value: 35.1 ± 0.6 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

2 36.0 4.0 11.1 2.6 0.3 0.2 0.9 10.4 A 11.2 A A 

3 41.5 2.0 4.8 18.2 1.8 3.1 6.4 5.4 N 5.1 A W 

5 36.7 0.6 1.6 4.6 0.5 1.9 1.6 2.2 A 2.4 A A 

8 36.4 0.9 2.5 3.7 0.4 1.2 1.3 2.8 A 3.0 A A 

10 47.0 2.0 4.3 33.9 3.4 5.7 11.9 5.4 N 4.6 A N 

11 34.2 3.4 9.9 -2.6 -0.3 -0.3 0.9 8.9 A 10.1 A A 

15 70.0 6.0 8.6 99.4 9.9 5.8 34.9 15.6 N 8.7 A N 

16 8.0 0.9 10.8 -77.3 -7.7 -25.8 27.1 2.7 N 11.0 A N 

17 36.9 3.5 9.6 5.1 0.5 0.5 1.8 9.3 A 9.7 A A 

18 35.8 1.8 4.9 1.9 0.2 0.4 0.7 4.8 A 5.2 A A 

19 37.2 1.1 2.8 6.0 0.6 1.7 2.1 3.1 A 3.3 A A 

21 42.0 5.0 11.9 19.7 2.0 1.4 6.9 13.0 A 12.0 A A 

23 44.6 2.4 5.4 27.1 2.7 3.8 9.5 6.4 N 5.6 A N 

29 37.2 0.9 2.4 6.0 0.6 1.9 2.1 2.8 A 3.0 A A 

30 26.0 5.0 19.2 -25.9 -2.6 -1.8 9.1 13.0 A 19.3 A A 

32 16.5 3.0 18.2 -53.0 -5.3 -6.1 18.6 7.9 N 18.3 A N 

33 84.0 8.4 10.0 139.3 13.9 5.8 48.9 21.6 N 10.1 A N 

35 33.4 4.1 12.3 -4.8 -0.5 -0.4 1.7 10.7 A 12.4 A A 

37 40.0 1.9 4.8 14.0 1.4 2.5 4.9 5.1 A 5.0 A A 

39 36.7 1.3 3.6 4.5 0.5 1.1 1.6 3.7 A 4.0 A A 

42 35.3 2.5 7.1 0.6 0.1 0.1 0.2 6.6 A 7.3 A A 

43 30.0 2.0 6.7 -14.5 -1.5 -2.4 5.1 5.4 A 6.9 A A 

45 37.5 1.2 3.3 6.8 0.7 1.7 2.4 3.6 A 3.7 A A 

46 34.3 4.1 11.9 -2.2 -0.2 -0.2 0.8 10.6 A 12.0 A A 

47 22.7 0.3 1.3 -35.3 -3.5 -18.5 12.4 1.7 N 2.2 A N 

48 32.0 2.5 7.8 -8.9 -0.9 -1.2 3.1 6.6 A 8.0 A A 

49 43.0 1.9 4.4 22.5 2.3 4.0 7.9 5.1 N 4.7 A N 

50 42.4 3.4 8.0 20.8 2.1 2.1 7.3 8.9 A 8.2 A A 

52 36.6 1.0 2.8 4.1 0.4 1.2 1.5 3.1 A 3.3 A A 

53 41.9 3.5 8.4 19.4 1.9 1.9 6.8 9.2 A 8.5 A A 

54 31.7 1.2 3.8 -9.7 -1.0 -2.5 3.4 3.5 A 4.2 A A 

55 37.2 1.4 3.7 6.0 0.6 1.4 2.1 3.9 A 4.1 A A 

56 35.4 2.1 5.9 0.9 0.1 0.1 0.3 5.6 A 6.2 A A 

57 37.0 1.6 4.3 5.4 0.5 1.1 1.9 4.4 A 4.6 A A 

2 36.0 4.0 11.1 2.6 0.3 0.2 0.9 10.4 A 11.2 A A 

3 41.5 2.0 4.8 18.2 1.8 3.1 6.4 5.4 N 5.1 A W 

5 36.7 0.6 1.6 4.6 0.5 1.9 1.6 2.2 A 2.4 A A 

8 36.4 0.9 2.5 3.7 0.4 1.2 1.3 2.8 A 3.0 A A 

10 47.0 2.0 4.3 33.9 3.4 5.7 11.9 5.4 N 4.6 A N 

11 34.2 3.4 9.9 -2.6 -0.3 -0.3 0.9 8.9 A 10.1 A A 

15 70.0 6.0 8.6 99.4 9.9 5.8 34.9 15.6 N 8.7 A N 

16 8.0 0.9 10.8 -77.3 -7.7 -25.8 27.1 2.7 N 11.0 A N 

17 36.9 3.5 9.6 5.1 0.5 0.5 1.8 9.3 A 9.7 A A 

18 35.8 1.8 4.9 1.9 0.2 0.4 0.7 4.8 A 5.2 A A 

19 37.2 1.1 2.8 6.0 0.6 1.7 2.1 3.1 A 3.3 A A 

21 42.0 5.0 11.9 19.7 2.0 1.4 6.9 13.0 A 12.0 A A 

23 44.6 2.4 5.4 27.1 2.7 3.8 9.5 6.4 N 5.6 A N 

29 37.2 0.9 2.4 6.0 0.6 1.9 2.1 2.8 A 3.0 A A 

30 26.0 5.0 19.2 -25.9 -2.6 -1.8 9.1 13.0 A 19.3 A A 

32 16.5 3.0 18.2 -53.0 -5.3 -6.1 18.6 7.9 N 18.3 A N 

33 84.0 8.4 10.0 139.3 13.9 5.8 48.9 21.6 N 10.1 A N 

35 33.4 4.1 12.3 -4.8 -0.5 -0.4 1.7 10.7 A 12.4 A A 

37 40.0 1.9 4.8 14.0 1.4 2.5 4.9 5.1 A 5.0 A A 

39 36.7 1.3 3.6 4.5 0.5 1.1 1.6 3.7 A 4.0 A A 

42 35.3 2.5 7.1 0.6 0.1 0.1 0.2 6.6 A 7.3 A A 

43 30.0 2.0 6.7 -14.5 -1.5 -2.4 5.1 5.4 A 6.9 A A 

45 37.5 1.2 3.3 6.8 0.7 1.7 2.4 3.6 A 3.7 A A 

46 34.3 4.1 11.9 -2.2 -0.2 -0.2 0.8 10.6 A 12.0 A A 

47 22.7 0.3 1.3 -35.3 -3.5 -18.5 12.4 1.7 N 2.2 A N 

48 32.0 2.5 7.8 -8.9 -0.9 -1.2 3.1 6.6 A 8.0 A A 

49 43.0 1.9 4.4 22.5 2.3 4.0 7.9 5.1 N 4.7 A N 

50 42.4 3.4 8.0 20.8 2.1 2.1 7.3 8.9 A 8.2 A A 

52 36.6 1.0 2.8 4.1 0.4 1.2 1.5 3.1 A 3.3 A A 

53 41.9 3.5 8.4 19.4 1.9 1.9 6.8 9.2 A 8.5 A A 

54 31.7 1.2 3.8 -9.7 -1.0 -2.5 3.4 3.5 A 4.2 A A 

55 37.2 1.4 3.7 6.0 0.6 1.4 2.1 3.9 A 4.1 A A 

56 35.4 2.1 5.9 0.9 0.1 0.1 0.3 5.6 A 6.2 A A 

57 37.0 1.6 4.3 5.4 0.5 1.1 1.9 4.4 A 4.6 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 17. Distribution of the scores for Cs-137 in water (sample 01). 

 

 

 

 
FIG. 18. Reported results and their uncertainties for Cs-137 in water (sample 01). 
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TABLE 12. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-137 IN 

WATER (SAMPLE 01) 

 

Target value: 6.2 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 5.0 0.5 10.0 -19.4 -1.9 -2.4 1.2 1.3 A 10.1 A A 

2 6.2 0.4 6.5 0.0 0.0 0.0 0.0 1.1 A 6.7 A A 

3 6.2 0.2 3.6 -0.3 0.0 -0.1 0.0 0.6 A 3.9 A A 

5 6.4 0.2 3.3 3.5 0.4 0.9 0.2 0.6 A 3.6 A A 

8 6.7 0.2 3.0 7.4 0.7 2.1 0.5 0.6 A 3.4 A A 

9 5.5 0.9 16.9 -11.3 -1.1 -0.7 0.7 2.4 A 17.0 A A 

10 7.0 0.3 4.3 12.9 1.3 2.5 0.8 0.8 A 4.6 A A 

11 6.1 0.4 6.1 -1.6 -0.2 -0.3 0.1 1.0 A 6.3 A A 

12 6.0 0.3 4.5 -4.0 -0.4 -0.9 0.3 0.7 A 4.8 A A 

13 6.4 0.5 7.9 3.9 0.4 0.5 0.2 1.3 A 8.1 A A 

14 6.2 0.3 4.7 -0.6 -0.1 -0.1 0.0 0.8 A 5.0 A A 

15 5.9 0.3 5.7 -4.2 -0.4 -0.7 0.3 0.9 A 5.9 A A 

16 5.9 0.2 4.1 -5.6 -0.6 -1.3 0.3 0.7 A 4.4 A A 

17 6.2 0.5 7.8 -0.2 0.0 0.0 0.0 1.3 A 7.9 A A 

18 6.3 0.2 3.9 1.1 0.1 0.3 0.1 0.7 A 4.2 A A 

19 6.4 0.2 3.1 3.4 0.3 0.9 0.2 0.6 A 3.5 A A 

20 6.3 0.3 4.0 1.6 0.2 0.4 0.1 0.7 A 4.3 A A 

21 7.0 0.3 4.7 13.1 1.3 2.3 0.8 0.9 A 5.0 A A 

23 5.9 0.3 5.7 -4.5 -0.5 -0.8 0.3 0.9 A 6.0 A A 

24 6.8 0.3 3.7 9.7 1.0 2.2 0.6 0.7 A 4.0 A A 

26 7.1 0.7 9.9 14.5 1.5 1.3 0.9 1.8 A 10.0 A A 

27 6.6 0.3 5.0 6.6 0.7 1.2 0.4 0.9 A 5.2 A A 

29 6.5 0.3 4.6 4.8 0.5 0.9 0.3 0.8 A 4.9 A A 

30 6.5 0.4 6.8 4.2 0.4 0.6 0.3 1.2 A 7.0 A A 

31 6.5 0.3 4.9 4.5 0.5 0.8 0.3 0.9 A 5.2 A A 

32 6.6 0.5 7.6 6.5 0.6 0.8 0.4 1.3 A 7.7 A A 

33 11.3 0.7 6.0 82.7 8.3 7.5 5.1 1.8 N 6.2 A N 

34 15.4 0.9 6.1 147.6 14.8 9.8 9.2 2.4 N 6.3 A N 

35 6.2 0.4 6.1 0.0 0.0 0.0 0.0 1.0 A 6.3 A A 

36 5.8 0.3 4.5 -6.8 -0.7 -1.5 0.4 0.7 A 4.8 A A 

37 6.2 0.3 4.7 -0.5 0.0 -0.1 0.0 0.8 A 5.0 A A 

39 6.2 0.2 2.9 -0.8 -0.1 -0.2 0.0 0.5 A 3.3 A A 

40 6.7 0.2 2.4 8.1 0.8 2.6 0.5 0.5 N 2.9 A W 

41 6.4 0.2 3.0 3.2 0.3 0.9 0.2 0.6 A 3.4 A A 

42 6.3 0.2 3.2 1.6 0.2 0.4 0.1 0.6 A 3.6 A A 

43 6.3 0.3 4.0 1.6 0.2 0.4 0.1 0.7 A 4.3 A A 

44 7.0 0.5 7.1 12.9 1.3 1.6 0.8 1.3 A 7.3 A A 

45 6.2 0.4 5.8 0.2 0.0 0.0 0.0 1.0 A 6.0 A A 

46 6.3 0.2 3.3 0.9 0.1 0.3 0.1 0.6 A 3.7 A A 

47 6.5 0.1 2.0 4.0 0.4 1.5 0.3 0.4 A 2.6 A A 

48 6.9 0.4 5.2 11.1 1.1 1.8 0.7 1.0 A 5.5 A A 

49 6.1 0.2 2.6 -2.1 -0.2 -0.7 0.1 0.5 A 3.1 A A 

50 5.5 0.7 12.5 -11.3 -1.1 -1.0 0.7 1.8 A 12.6 A A 

51 6.8 0.5 7.4 9.7 1.0 1.2 0.6 1.3 A 7.5 A A 

52 6.4 0.4 6.4 3.6 0.4 0.5 0.2 1.1 A 6.6 A A 

53 6.2 0.4 6.3 -0.5 0.0 -0.1 0.0 1.0 A 6.5 A A 

54 6.3 0.5 7.9 1.6 0.2 0.2 0.1 1.3 A 8.1 A A 

55 6.4 0.2 3.1 3.2 0.3 0.9 0.2 0.6 A 3.5 A A 

56 6.7 0.4 5.8 8.5 0.9 1.3 0.5 1.0 A 6.0 A A 

57 7.4 0.8 10.9 18.9 1.9 1.5 1.2 2.1 A 11.0 A A 

a Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 19. Distribution of the scores for Cs-137 in water (sample 02). 

 

 

FIG. 20. Reported results and their uncertainties for Cs-137 in water (sample 02). 
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TABLE 13. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-137 IN 

WATER (SAMPLE 02) 

 

Target value: 3.1 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 3.0 0.3 10.0 -3.2 -0.3 -0.3 0.1 0.8 A 10.5 A A 

2 3.1 0.2 6.5 0.0 0.0 0.0 0.0 0.6 A 7.2 A A 

3 2.9 0.1 4.8 -5.2 -0.5 -0.9 0.2 0.4 A 5.8 A A 

5 3.1 0.1 3.2 1.0 0.1 0.2 0.0 0.4 A 4.5 A A 

8 3.3 0.1 3.4 5.5 0.5 1.1 0.2 0.4 A 4.7 A A 

9 3.3 0.5 15.8 6.5 0.6 0.4 0.2 1.4 A 16.1 A A 

10 3.5 0.3 8.6 12.9 1.3 1.3 0.4 0.8 A 9.2 A A 

11 4.4 0.3 6.1 43.2 4.3 4.7 1.3 0.7 N 6.9 A N 

12 3.0 0.2 5.0 -3.9 -0.4 -0.7 0.1 0.5 A 6.0 A A 

13 3.3 0.3 8.7 7.4 0.7 0.7 0.2 0.8 A 9.3 A A 

14 3.4 0.2 5.3 10.3 1.0 1.6 0.3 0.5 A 6.2 A A 

15 3.1 0.2 6.5 -0.3 0.0 0.0 0.0 0.6 A 7.2 A A 

16 2.8 0.2 7.1 -9.0 -0.9 -1.2 0.3 0.6 A 7.8 A A 

17 3.2 0.3 8.7 3.9 0.4 0.4 0.1 0.8 A 9.3 A A 

18 3.1 0.2 5.5 1.3 0.1 0.2 0.0 0.5 A 6.4 A A 

19 3.5 0.2 4.3 13.5 1.4 2.3 0.4 0.5 A 5.3 A A 

20 3.1 0.1 2.9 0.0 0.0 0.0 0.0 0.3 A 4.3 A A 

21 3.6 0.1 3.9 15.5 1.5 2.8 0.5 0.4 N 5.1 A W 

23 3.6 0.2 5.6 15.5 1.5 2.1 0.5 0.6 A 6.5 A A 

24 3.8 0.2 5.9 21.0 2.1 2.7 0.7 0.6 N 6.7 A N 

26 3.7 0.4 10.8 19.4 1.9 1.5 0.6 1.1 A 11.3 A A 

27 3.4 0.2 5.0 9.0 0.9 1.4 0.3 0.5 A 6.0 A A 

29 3.4 0.2 5.9 9.7 1.0 1.3 0.3 0.6 A 6.7 A A 

30 3.7 0.3 6.8 17.7 1.8 2.0 0.6 0.7 A 7.6 A A 

31 2.9 0.2 6.5 -5.2 -0.5 -0.7 0.2 0.6 A 7.2 A A 

32 3.5 0.3 8.6 12.9 1.3 1.3 0.4 0.8 A 9.2 A A 

33 6.7 0.4 6.3 115.5 11.5 8.3 3.6 1.1 N 7.1 A N 

34 8.2 0.5 6.3 164.8 16.5 9.7 5.1 1.4 N 7.1 A N 

35 3.0 0.3 10.0 -3.2 -0.3 -0.3 0.1 0.8 A 10.5 A A 

36 2.9 0.2 5.2 -7.1 -0.7 -1.2 0.2 0.5 A 6.1 A A 

37 3.2 0.2 5.7 2.6 0.3 0.4 0.1 0.5 A 6.5 A A 

39 3.1 0.1 4.5 0.3 0.0 0.1 0.0 0.4 A 5.5 A A 

40 3.4 0.2 6.2 9.4 0.9 1.2 0.3 0.6 A 7.0 A A 

41 3.3 0.1 3.0 5.8 0.6 1.3 0.2 0.4 A 4.4 A A 

42 3.1 0.2 6.5 0.0 0.0 0.0 0.0 0.6 A 7.2 A A 

43 3.1 0.2 6.5 0.0 0.0 0.0 0.0 0.6 A 7.2 A A 

44 3.5 0.2 5.7 12.9 1.3 1.8 0.4 0.6 A 6.6 A A 

45 3.4 0.2 6.1 11.0 1.1 1.5 0.3 0.6 A 6.9 A A 

46 2.9 0.1 3.9 -5.7 -0.6 -1.2 0.2 0.4 A 5.1 A A 

47 3.2 0.1 2.2 1.6 0.2 0.4 0.0 0.3 A 3.9 A A 

48 2.8 0.1 5.0 -9.4 -0.9 -1.7 0.3 0.4 A 5.9 A A 

49 3.1 0.1 3.2 1.0 0.1 0.2 0.0 0.4 A 4.5 A A 

50 2.8 0.6 21.5 -8.4 -0.8 -0.4 0.3 1.6 A 21.7 N W 

51 3.0 0.3 10.0 -3.2 -0.3 -0.3 0.1 0.8 A 10.5 A A 

52 3.2 0.2 7.7 4.0 0.4 0.5 0.1 0.7 A 8.3 A A 

53 3.3 0.3 8.0 5.5 0.5 0.6 0.2 0.7 A 8.6 A A 

54 3.6 0.4 11.1 16.1 1.6 1.2 0.5 1.1 A 11.6 A A 

55 3.4 0.2 5.9 9.7 1.0 1.3 0.3 0.6 A 6.7 A A 

56 3.4 0.2 5.9 10.0 1.0 1.4 0.3 0.6 A 6.7 A A 

57 3.1 0.6 19.1 -0.3 0.0 0.0 0.0 1.5 A 19.4 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 21. Distribution of the scores for Cs-137 in water (sample 03). 

 

 

FIG. 22. Reported results and their uncertainties for Cs-137 in water (sample 03). 
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TABLE 14. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-137 IN 

WATER (SAMPLE 03) 

 

Target value: 4.4 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 4.0 0.4 10.0 -9.1 -0.9 -1.0 0.4 1.1 A 10.3 A A 

2 4.4 0.3 6.8 0.0 0.0 0.0 0.0 0.8 A 7.2 A A 

3 4.3 0.2 3.8 -3.4 -0.3 -0.8 0.2 0.5 A 4.4 A A 

5 4.4 0.1 3.2 0.0 0.0 0.0 0.0 0.4 A 3.9 A A 

8 5.0 0.2 3.4 13.2 1.3 2.9 0.6 0.5 N 4.1 A W 

9 4.6 0.6 13.4 5.2 0.5 0.4 0.2 1.6 A 13.6 A A 

10 4.8 0.3 6.3 9.1 0.9 1.3 0.4 0.8 A 6.7 A A 

11 2.6 0.2 7.2 -40.0 -4.0 -8.2 1.8 0.6 N 7.5 A N 

12 4.3 0.2 4.9 -2.0 -0.2 -0.4 0.1 0.6 A 5.4 A A 

13 4.4 0.4 8.4 0.0 0.0 0.0 0.0 1.0 A 8.7 A A 

14 4.6 0.2 4.8 3.6 0.4 0.7 0.2 0.6 A 5.3 A A 

15 4.2 0.3 7.8 -4.1 -0.4 -0.5 0.2 0.9 A 8.1 A A 

16 5.2 0.2 4.6 17.0 1.7 2.9 0.8 0.7 N 5.1 A W 

17 4.5 0.3 7.5 2.5 0.2 0.3 0.1 0.9 A 7.9 A A 

18 4.1 0.2 5.2 -6.1 -0.6 -1.1 0.3 0.6 A 5.7 A A 

19 4.7 0.2 4.9 7.7 0.8 1.4 0.3 0.6 A 5.4 A A 

20 4.5 0.2 4.0 2.3 0.2 0.5 0.1 0.5 A 4.6 A A 

21 4.9 0.3 5.7 10.7 1.1 1.6 0.5 0.8 A 6.2 A A 

23 5.0 0.4 7.2 13.2 1.3 1.6 0.6 1.0 A 7.6 A A 

24 5.0 0.2 4.2 12.5 1.3 2.4 0.6 0.6 A 4.8 A A 

26 4.6 0.4 8.7 4.5 0.5 0.5 0.2 1.1 A 9.0 A A 

27 4.4 0.2 5.0 0.9 0.1 0.2 0.0 0.6 A 5.5 A A 

29 4.7 0.2 4.3 6.8 0.7 1.3 0.3 0.6 A 4.8 A A 

30 4.8 0.3 6.3 8.2 0.8 1.1 0.4 0.8 A 6.7 A A 

31 4.7 0.3 5.3 7.0 0.7 1.2 0.3 0.7 A 5.8 A A 

32 4.3 0.4 9.3 -2.3 -0.2 -0.2 0.1 1.1 A 9.6 A A 

33 221.0 12.0 5.4 4922.7 492.3 18.0 216.6 31.0 N 5.9 A N 

34 11.7 0.7 5.7 165.0 16.5 10.9 7.3 1.7 N 6.1 A N 

35 4.6 0.3 6.5 4.5 0.5 0.6 0.2 0.8 A 6.9 A A 

36 4.0 0.2 5.0 -9.5 -1.0 -1.9 0.4 0.6 A 5.5 A A 

37 4.5 0.2 5.3 2.0 0.2 0.3 0.1 0.7 A 5.8 A A 

39 4.3 0.2 3.7 -2.0 -0.2 -0.5 0.1 0.5 A 4.4 A A 

40 4.7 0.1 2.3 7.3 0.7 2.2 0.3 0.4 A 3.3 A A 

41 4.6 0.1 3.0 4.5 0.5 1.2 0.2 0.4 A 3.8 A A 

42 4.5 0.1 2.2 2.3 0.2 0.7 0.1 0.4 A 3.2 A A 

43 5.0 0.3 5.0 13.6 1.4 2.2 0.6 0.7 A 5.5 A A 

44 4.8 0.4 8.3 9.1 0.9 1.0 0.4 1.1 A 8.6 A A 

45 4.2 0.3 6.5 -5.7 -0.6 -0.9 0.3 0.7 A 6.9 A A 

46 4.4 0.2 3.8 0.9 0.1 0.2 0.0 0.5 A 4.4 A A 

47 4.1 0.1 2.7 -7.3 -0.7 -2.2 0.3 0.4 A 3.5 A A 

48 4.2 0.2 5.5 -4.5 -0.5 -0.8 0.2 0.6 A 5.9 A A 

49 4.4 0.2 3.4 0.2 0.0 0.1 0.0 0.5 A 4.1 A A 

50 3.7 0.7 18.9 -16.8 -1.7 -1.1 0.7 1.8 A 19.0 A A 

51 4.6 0.3 6.5 4.5 0.5 0.6 0.2 0.8 A 6.9 A A 

52 4.9 0.5 9.2 11.5 1.1 1.1 0.5 1.2 A 9.5 A A 

53 4.5 0.3 6.9 2.0 0.2 0.3 0.1 0.8 A 7.3 A A 

54 4.0 0.4 10.0 -9.1 -0.9 -1.0 0.4 1.1 A 10.3 A A 

55 4.6 0.2 4.3 4.5 0.5 0.9 0.2 0.6 A 4.9 A A 

56 4.5 0.3 5.7 3.2 0.3 0.5 0.1 0.7 A 6.2 A A 

57 4.1 0.7 16.0 -6.4 -0.6 -0.4 0.3 1.7 A 16.2 A A 

a Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 23. Distribution of the scores for Am-241 in water (sample 01). 

 

 

 

FIG. 24. Reported results and their uncertainties for Am-241 in water (sample 01). 
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TABLE 15. PERFORMANCE EVALUATION OF DETERMINATION OF Am-241 IN 

WATER (SAMPLE 01)  

Target value: 4.7 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 4.0 0.5 12.5 -14.9 -1.5 -1.4 0.7 1.3 A 12.7 A A 

2 4.7 0.7 14.9 0.0 0.0 0.0 0.0 1.8 A 15.0 A A 

3 4.6 0.2 4.3 -1.7 -0.2 -0.4 0.1 0.6 A 4.8 A A 

5 4.9 0.2 4.3 3.2 0.3 0.6 0.1 0.6 A 4.8 A A 

8 4.9 0.1 2.9 3.8 0.4 1.0 0.2 0.4 A 3.6 A A 

10 5.1 0.4 7.8 8.5 0.9 1.0 0.4 1.1 A 8.1 A A 

11 4.9 0.3 6.5 4.3 0.4 0.6 0.2 0.9 A 6.9 A A 

12 4.9 0.2 4.7 4.0 0.4 0.8 0.2 0.6 A 5.2 A A 

13 4.4 2.1 47.1 -7.4 -0.7 -0.2 0.4 5.3 A 47.2 N W 

14 4.6 0.4 7.9 -3.0 -0.3 -0.4 0.1 1.0 A 8.2 A A 

15 4.7 0.4 8.2 0.9 0.1 0.1 0.0 1.0 A 8.5 A A 

16 2.2 0.7 30.5 -53.5 -5.3 -3.7 2.5 1.7 N 30.5 N N 

17 5.4 0.4 6.7 13.8 1.4 1.7 0.6 1.0 A 7.1 A A 

18 6.0 1.6 26.6 28.1 2.8 0.8 1.3 4.1 A 26.7 N N 

19 5.0 0.3 6.5 7.2 0.7 1.0 0.3 0.9 A 6.9 A A 

20 4.7 0.2 4.9 0.0 0.0 0.0 0.0 0.6 A 5.3 A A 

23 4.1 0.5 11.5 -13.2 -1.3 -1.3 0.6 1.2 A 11.7 A A 

24 3.7 0.8 20.2 -20.9 -2.1 -1.3 1.0 2.0 A 20.3 N N 

26 4.4 0.5 11.4 -6.4 -0.6 -0.6 0.3 1.3 A 11.6 A A 

27 4.6 0.9 20.2 -3.0 -0.3 -0.2 0.1 2.4 A 20.3 N W 

29 5.0 0.3 6.0 6.4 0.6 0.9 0.3 0.8 A 6.4 A A 

30 4.3 0.4 8.2 -8.7 -0.9 -1.1 0.4 0.9 A 8.4 A A 

31 5.2 0.5 9.9 9.8 1.0 0.9 0.5 1.3 A 10.1 A A 

34 10.5 0.7 6.7 123.8 12.4 8.2 5.8 1.8 N 7.0 A N 

35 3.7 0.7 19.2 -21.3 -2.1 -1.4 1.0 1.8 A 19.3 A A 

37 4.7 0.3 5.3 0.0 0.0 0.0 0.0 0.7 A 5.7 A A 

39 4.6 0.2 3.9 -1.3 -0.1 -0.3 0.1 0.5 A 4.4 A A 

40 4.8 0.1 2.1 3.0 0.3 1.0 0.1 0.4 A 3.0 A A 

41 4.9 0.3 6.5 4.3 0.4 0.6 0.2 0.9 A 6.9 A A 

42 4.6 0.2 4.3 -2.1 -0.2 -0.4 0.1 0.6 A 4.8 A A 

43 4.2 0.3 7.1 -10.6 -1.1 -1.6 0.5 0.8 A 7.5 A A 

44 4.9 0.4 8.2 4.3 0.4 0.5 0.2 1.1 A 8.4 A A 

45 5.1 0.3 6.5 8.1 0.8 1.1 0.4 0.9 A 6.8 A A 

46 4.9 0.3 6.1 5.2 0.5 0.8 0.2 0.8 A 6.4 A A 

47 4.6 0.1 2.0 -3.0 -0.3 -1.0 0.1 0.3 A 2.9 A A 

48 1.4 0.1 10.4 -71.3 -7.1 -19.5 3.4 0.4 N 10.6 A N 

49 4.6 0.2 4.1 -2.6 -0.3 -0.6 0.1 0.6 A 4.7 A A 

50 4.0 0.3 8.0 -14.7 -1.5 -2.1 0.7 0.9 A 8.3 A A 

51 5.0 0.6 12.0 6.4 0.6 0.5 0.3 1.6 A 12.2 A A 

52 5.7 0.8 13.4 21.5 2.1 1.3 1.0 2.0 A 13.5 A A 

53 4.2 0.3 7.0 -11.7 -1.2 -1.8 0.6 0.8 A 7.3 A A 

54 3.5 0.8 22.9 -25.5 -2.6 -1.5 1.2 2.1 A 23.0 N N 

55 4.2 0.5 11.9 -10.6 -1.1 -1.0 0.5 1.3 A 12.1 A A 

56 5.2 0.4 6.7 10.9 1.1 1.4 0.5 0.9 A 7.0 A A 

57 4.8 0.2 3.4 1.1 0.1 0.3 0.0 0.5 A 4.0 A A 

a Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 25. Distribution of the scores for Am-241 in water (sample 02). 

 

 

 

FIG. 26. Reported results and their uncertainties for Am-241 in water (sample 02). 
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TABLE 16. PERFORMANCE EVALAUTION OF DETERMINATION OF Am-241 IN 

WATER (SAMPLE 02)  

Target value: 2.4 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 2.0 0.3 15.0 -16.7 -1.7 -1.3 0.4 0.8 A 15.6 A A 

2 3.0 0.4 13.3 25.0 2.5 1.5 0.6 1.1 A 14.0 A A 

3 2.9 0.3 8.8 18.8 1.9 1.7 0.5 0.7 A 9.7 A A 

5 2.3 0.1 4.3 -4.2 -0.4 -0.7 0.1 0.4 A 6.0 A A 

8 2.4 0.1 3.0 -0.9 -0.1 -0.2 0.0 0.3 A 5.2 A A 

10 2.3 0.3 13.0 -4.2 -0.4 -0.3 0.1 0.8 A 13.7 A A 

11 3.2 0.2 7.3 31.7 3.2 3.0 0.8 0.6 N 8.4 A N 

12 2.1 0.1 5.8 -13.3 -1.3 -2.0 0.3 0.4 A 7.1 A A 

13 2.2 1.0 45.9 -8.3 -0.8 -0.2 0.2 2.6 A 46.1 N W 

14 2.4 0.2 9.4 -2.1 -0.2 -0.2 0.0 0.6 A 10.2 A A 

15 2.2 0.2 7.6 -7.1 -0.7 -0.9 0.2 0.5 A 8.7 A A 

16 1.0 0.7 64.0 -57.0 -5.7 -2.0 1.4 1.7 A 64.1 N N 

17 2.3 0.5 23.7 -5.0 -0.5 -0.2 0.1 1.4 A 24.0 N W 

18 3.6 0.9 26.2 50.4 5.0 1.3 1.2 2.5 A 26.5 N N 

19 2.4 0.3 11.7 0.0 0.0 0.0 0.0 0.8 A 12.4 A A 

20 2.4 0.1 5.0 0.0 0.0 0.0 0.0 0.4 A 6.5 A A 

23 2.5 0.2 8.4 4.2 0.4 0.4 0.1 0.6 A 9.4 A A 

24 1.7 0.6 31.8 -27.9 -2.8 -1.2 0.7 1.4 A 32.1 N N 

26 0.6 0.2 33.3 -75.0 -7.5 -8.0 1.8 0.6 N 33.6 N N 

27 2.0 0.4 20.3 -15.8 -1.6 -0.9 0.4 1.1 A 20.7 N W 

29 2.4 0.3 12.5 0.0 0.0 0.0 0.0 0.8 A 13.2 A A 

30 1.9 0.2 10.2 -22.5 -2.3 -2.5 0.5 0.6 A 11.0 A A 

31 3.1 0.4 13.4 27.9 2.8 1.6 0.7 1.1 A 14.0 A A 

32 1.5 0.2 13.3 -37.5 -3.8 -4.0 0.9 0.6 N 14.0 A N 

34 5.3 0.4 7.6 119.2 11.9 6.9 2.9 1.1 N 8.7 A N 

35 3.3 0.5 14.8 37.5 3.8 1.8 0.9 1.3 A 15.4 A A 

37 2.5 0.2 7.5 5.8 0.6 0.7 0.1 0.6 A 8.6 A A 

39 2.5 0.1 5.1 5.4 0.5 0.8 0.1 0.4 A 6.6 A A 

40 2.3 0.1 5.3 -5.8 -0.6 -0.9 0.1 0.4 A 6.7 A A 

41 2.6 0.2 6.7 6.3 0.6 0.8 0.2 0.5 A 7.9 A A 

42 2.2 0.2 9.1 -8.3 -0.8 -0.9 0.2 0.6 A 10.0 A A 

43 2.4 0.2 8.3 0.0 0.0 0.0 0.0 0.6 A 9.3 A A 

44 2.7 0.2 7.4 12.5 1.3 1.3 0.3 0.6 A 8.5 A A 

45 2.8 0.2 8.0 14.6 1.5 1.4 0.4 0.6 A 9.0 A A 

46 2.4 0.2 8.8 -1.7 -0.2 -0.2 0.0 0.6 A 9.7 A A 

47 2.2 0.1 4.1 -7.5 -0.7 -1.3 0.2 0.3 A 5.8 A A 

49 2.5 0.3 9.8 5.8 0.6 0.5 0.1 0.7 A 10.7 A A 

50 2.0 0.2 9.5 -16.3 -1.6 -1.8 0.4 0.6 A 10.3 A A 

51 2.3 0.3 13.0 -4.2 -0.4 -0.3 0.1 0.8 A 13.7 A A 

52 2.9 0.7 23.9 18.9 1.9 0.7 0.5 1.8 A 24.3 N W 

53 2.2 0.2 10.1 -9.2 -0.9 -0.9 0.2 0.6 A 10.9 A A 

55 2.6 0.5 19.2 8.3 0.8 0.4 0.2 1.3 A 19.7 A A 

56 2.2 0.3 13.1 -7.9 -0.8 -0.6 0.2 0.8 A 13.8 A A 

57 2.4 0.1 2.7 -0.8 -0.1 -0.2 0.0 0.3 A 5.0 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 27. Distribution of the scores for Am-241 in water (sample 03). 

 

 

 

FIG. 28. Reported results and their uncertainties for Am-241 in water (sample 03). 
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TABLE 17. PERFORMANCE EVALUATION OF DETERMINATION OF
 
Am-241 IN 

WATER (SAMPLE 03) 

 

Target value: 3.3 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 3.0 0.4 13.3 -9.1 -0.9 -0.7 0.3 1.1 A 13.7 A A 

2 4.5 0.7 15.6 36.4 3.6 1.7 1.2 1.8 A 15.8 A A 

3 2.5 0.2 9.2 -24.5 -2.5 -3.2 0.8 0.6 N 9.7 A N 

5 3.4 0.2 4.4 3.0 0.3 0.6 0.1 0.5 A 5.4 A A 

8 3.5 0.1 3.8 4.5 0.5 0.9 0.2 0.4 A 4.8 A A 

10 4.2 0.6 14.3 27.3 2.7 1.5 0.9 1.6 A 14.6 A A 

11 2.1 0.2 7.7 -36.7 -3.7 -6.4 1.2 0.5 N 8.2 A N 

12 2.0 0.2 10.6 -40.0 -4.0 -5.7 1.3 0.6 N 11.0 A N 

13 3.1 1.5 46.6 -5.8 -0.6 -0.1 0.2 3.7 A 46.7 N W 

14 3.6 0.3 7.3 7.6 0.8 0.9 0.3 0.7 A 7.9 A A 

15 3.1 0.3 10.3 -6.1 -0.6 -0.6 0.2 0.9 A 10.8 A A 

16 1.5 0.7 47.5 -54.3 -5.4 -2.5 1.8 1.9 A 47.6 N N 

17 3.1 0.5 14.8 -6.1 -0.6 -0.4 0.2 1.2 A 15.1 A A 

18 4.4 1.2 27.9 33.6 3.4 0.9 1.1 3.2 A 28.1 N N 

19 4.1 0.4 10.1 23.3 2.3 1.8 0.8 1.1 A 10.5 A A 

20 3.2 0.2 6.6 -3.0 -0.3 -0.4 0.1 0.6 A 7.2 A A 

23 3.6 0.3 9.3 10.3 1.0 1.0 0.3 0.9 A 9.8 A A 

24 2.9 0.6 19.6 -13.6 -1.4 -0.8 0.5 1.5 A 19.9 A A 

26 2.7 0.3 11.1 -18.2 -1.8 -1.9 0.6 0.8 A 11.5 A A 

29 3.3 0.3 9.1 0.0 0.0 0.0 0.0 0.8 A 9.6 A A 

30 3.0 0.2 8.1 -9.7 -1.0 -1.2 0.3 0.7 A 8.6 A A 

31 4.1 0.4 9.9 25.5 2.5 2.0 0.8 1.1 A 10.4 A A 

32 2.1 0.9 42.9 -36.4 -3.6 -1.3 1.2 2.3 A 43.0 N N 

33 39.9 3.9 9.8 1108.2 110.8 9.4 36.6 10.0 N 10.2 A N 

34 6.0 0.5 7.9 80.9 8.1 5.6 2.7 1.2 N 8.4 A N 

35 2.7 0.3 10.7 -18.2 -1.8 -2.0 0.6 0.8 A 11.2 A A 

37 3.6 0.2 5.6 8.8 0.9 1.3 0.3 0.6 A 6.3 A A 

39 3.5 0.2 4.9 6.1 0.6 1.0 0.2 0.5 A 5.7 A A 

40 3.4 0.1 2.9 3.3 0.3 0.8 0.1 0.4 A 4.2 A A 

41 3.5 0.2 6.7 4.5 0.5 0.6 0.2 0.6 A 7.3 A A 

42 3.5 0.2 5.7 6.1 0.6 0.9 0.2 0.6 A 6.5 A A 

43 3.4 0.3 8.8 3.0 0.3 0.3 0.1 0.8 A 9.3 A A 

44 3.8 0.3 7.9 15.2 1.5 1.6 0.5 0.8 A 8.5 A A 

45 3.7 0.6 16.7 12.7 1.3 0.7 0.4 1.6 A 16.9 A A 

46 3.6 0.3 7.8 8.7 0.9 1.0 0.3 0.8 A 8.3 A A 

47 3.3 0.1 3.4 -0.9 -0.1 -0.2 0.0 0.4 A 4.5 A A 

49 3.3 0.3 8.6 -1.2 -0.1 -0.1 0.0 0.8 A 9.1 A A 

50 2.8 0.3 10.1 -16.1 -1.6 -1.8 0.5 0.8 A 10.6 A A 

51 3.4 0.4 11.8 3.0 0.3 0.2 0.1 1.1 A 12.1 A A 

52 3.5 1.0 29.1 7.0 0.7 0.2 0.2 2.7 A 29.2 N W 

53 3.7 0.3 8.8 10.6 1.1 1.0 0.4 0.9 A 9.3 A A 

55 3.2 0.5 15.6 -3.0 -0.3 -0.2 0.1 1.3 A 15.9 A A 

56 3.5 0.2 6.0 6.7 0.7 0.9 0.2 0.6 A 6.7 A A 

57 3.4 0.1 2.8 2.4 0.2 0.6 0.1 0.4 A 4.1 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 29. Distribution of the scores for Co-60 in water (sample 01). 

 

 

 

FIG. 30. Reported results and their uncertainties for Co-60 in water (sample 01). 
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TABLE 18. PERFORMANCE EVALUATION OF DETERMINATION OF Co-60 IN 

WATER (SAMPLE 01) 

 

Target value: 15.3 ± 0.2 Bq/kg 

MAB:  15 % 

LAP:  15 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 14.5 2.0 13.8 -5.2 -0.5 -0.4 0.8 5.2 A 13.9 A A 

2 15.1 1.1 7.3 -1.3 -0.1 -0.2 0.2 2.9 A 7.4 A A 

3 14.4 0.3 1.9 -5.9 -0.6 -2.7 0.9 0.9 N 2.3 A W 

5 15.3 0.5 3.0 0.0 0.0 0.0 0.0 1.3 A 3.3 A A 

8 15.4 0.7 4.5 0.8 0.1 0.2 0.1 1.9 A 4.7 A A 

9 16.3 1.9 11.9 6.2 0.6 0.5 0.9 5.0 A 11.9 A A 

10 16.1 0.3 1.9 5.2 0.5 2.2 0.8 0.9 A 2.3 A A 

11 14.9 0.8 5.3 -2.9 -0.3 -0.5 0.4 2.1 A 5.5 A A 

12 15.5 0.6 4.1 1.0 0.1 0.2 0.1 1.7 A 4.3 A A 

13 14.6 0.9 6.4 -4.4 -0.4 -0.7 0.7 2.5 A 6.5 A A 

14 15.3 1.0 6.7 0.1 0.0 0.0 0.0 2.7 A 6.8 A A 

15 15.6 0.4 2.6 1.6 0.2 0.6 0.3 1.2 A 2.9 A A 

16 14.2 0.4 2.5 -7.2 -0.7 -2.7 1.1 1.1 N 2.9 A W 

17 15.3 0.8 5.2 0.2 0.0 0.0 0.0 2.1 A 5.4 A A 

18 14.9 0.3 1.9 -2.6 -0.3 -1.1 0.4 0.9 A 2.3 A A 

19 15.6 0.4 2.2 2.2 0.2 0.8 0.3 1.0 A 2.6 A A 

20 14.9 0.5 3.0 -2.6 -0.3 -0.8 0.4 1.3 A 3.3 A A 

21 15.0 0.8 5.0 -2.1 -0.2 -0.4 0.3 2.0 A 5.2 A A 

23 15.2 0.5 3.2 -0.7 -0.1 -0.2 0.1 1.4 A 3.5 A A 

24 16.7 0.3 1.7 9.0 0.9 4.0 1.4 0.9 N 2.1 A W 

26 12.7 0.8 6.3 -17.0 -1.7 -3.2 2.6 2.1 N 6.4 A N 

27 14.9 0.8 5.4 -2.6 -0.3 -0.5 0.4 2.1 A 5.5 A A 

29 14.9 0.8 5.4 -2.6 -0.3 -0.5 0.4 2.1 A 5.5 A A 

30 14.7 0.6 4.1 -3.9 -0.4 -0.9 0.6 1.6 A 4.3 A A 

31 14.5 0.6 4.1 -5.2 -0.5 -1.3 0.8 1.6 A 4.3 A A 

32 15.9 0.7 4.4 3.9 0.4 0.8 0.6 1.9 A 4.6 A A 

33 15.7 1.4 8.8 2.7 0.3 0.3 0.4 3.6 A 8.9 A A 

34 30.4 0.9 3.1 98.6 9.9 15.7 15.1 2.5 N 3.4 A N 

35 14.3 0.8 5.7 -6.5 -0.7 -1.2 1.0 2.2 A 5.9 A A 

36 129.3 4.1 3.2 745.0 74.5 27.9 114.0 10.5 N 3.4 A N 

37 15.3 0.8 5.5 -0.3 0.0 0.0 0.0 2.2 A 5.7 A A 

39 14.9 0.7 4.9 -2.8 -0.3 -0.6 0.4 2.0 A 5.1 A A 

40 15.8 0.2 1.5 3.3 0.3 1.6 0.5 0.8 A 2.0 A A 

41 15.2 0.5 3.0 -0.7 -0.1 -0.2 0.1 1.3 A 3.2 A A 

42 15.7 0.5 3.2 2.6 0.3 0.7 0.4 1.4 A 3.4 A A 

43 14.7 0.4 2.4 -3.9 -0.4 -1.5 0.6 1.0 A 2.7 A A 

44 13.6 0.6 4.4 -11.1 -1.1 -2.7 1.7 1.6 N 4.6 A W 

45 15.1 0.7 4.3 -1.2 -0.1 -0.3 0.2 1.8 A 4.5 A A 

46 15.1 0.4 2.9 -1.2 -0.1 -0.4 0.2 1.3 A 3.2 A A 

47 15.0 0.3 2.0 -2.0 -0.2 -0.8 0.3 0.9 A 2.4 A A 

48 15.1 0.8 5.0 -1.3 -0.1 -0.3 0.2 2.0 A 5.1 A A 

49 15.1 0.8 5.3 -1.3 -0.1 -0.2 0.2 2.1 A 5.5 A A 

50 13.6 1.0 7.4 -11.1 -1.1 -1.7 1.7 2.6 A 7.5 A A 

51 15.5 0.6 3.9 1.3 0.1 0.3 0.2 1.6 A 4.1 A A 

52 15.2 0.8 5.3 -0.5 -0.1 -0.1 0.1 2.1 A 5.5 A A 

53 14.9 0.9 5.8 -2.9 -0.3 -0.5 0.4 2.3 A 5.9 A A 

54 16.6 0.9 5.4 8.5 0.8 1.4 1.3 2.4 A 5.6 A A 

55 14.4 0.3 2.1 -5.9 -0.6 -2.5 0.9 0.9 A 2.5 A A 

56 15.8 0.9 5.6 3.1 0.3 0.5 0.5 2.4 A 5.8 A A 

57 17.0 1.4 8.2 11.1 1.1 1.2 1.7 3.6 A 8.3 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 31. Distribution of the scores for Co-60 in water (sample 02). 

 

 

 

FIG. 32. Reported results and their uncertainties for Co-60 in water (sample 02). 
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TABLE 19. PERFORMANCE EVALUATION OF DETERMINATION OF Co-60 IN 

WATER (SAMPLE 02)  

Target value: 7.6 ± 0.2 Bq/kg 

MAB:  15 % 

LAP:  15 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 7.0 0.8 11.4 -7.9 -0.8 -0.7 0.6 2.1 A 11.5 A A 

2 7.7 0.5 6.5 1.3 0.1 0.2 0.1 1.3 A 6.6 A A 

3 7.5 0.2 2.0 -0.8 -0.1 -0.3 0.1 0.5 A 2.4 A A 

5 7.7 0.2 3.0 1.3 0.1 0.4 0.1 0.6 A 3.3 A A 

8 7.7 0.4 4.7 1.6 0.2 0.3 0.1 1.0 A 4.8 A A 

9 7.8 0.9 11.8 2.9 0.3 0.2 0.2 2.4 A 11.8 A A 

10 7.8 0.3 3.8 2.6 0.3 0.6 0.2 0.8 A 4.1 A A 

11 10.5 0.6 5.3 38.2 3.8 5.1 2.9 1.5 N 5.5 A N 

12 7.2 0.3 4.5 -5.7 -0.6 -1.3 0.4 0.9 A 4.7 A A 

13 7.3 0.5 7.0 -3.8 -0.4 -0.6 0.3 1.3 A 7.1 A A 

14 7.8 0.5 6.9 2.9 0.3 0.4 0.2 1.4 A 7.0 A A 

15 8.1 0.2 2.6 5.9 0.6 1.9 0.5 0.6 A 2.9 A A 

16 7.2 0.3 3.6 -4.7 -0.5 -1.3 0.4 0.7 A 3.8 A A 

17 7.7 0.3 4.2 0.7 0.1 0.1 0.1 0.9 A 4.4 A A 

18 7.6 0.2 2.6 0.5 0.1 0.2 0.0 0.6 A 2.9 A A 

19 8.5 0.2 2.6 11.7 1.2 3.7 0.9 0.6 N 2.9 A W 

20 7.6 0.2 2.9 0.0 0.0 0.0 0.0 0.6 A 3.2 A A 

21 7.0 0.3 4.1 -7.4 -0.7 -1.8 0.6 0.8 A 4.3 A A 

23 8.0 0.3 3.4 4.6 0.5 1.2 0.4 0.7 A 3.6 A A 

24 8.5 0.2 2.5 12.1 1.2 4.0 0.9 0.6 N 2.8 A W 

26 5.8 0.5 8.6 -23.7 -2.4 -3.5 1.8 1.3 N 8.7 A N 

27 7.4 0.4 5.2 -2.2 -0.2 -0.4 0.2 1.0 A 5.4 A A 

29 7.5 0.4 5.3 -1.3 -0.1 -0.2 0.1 1.1 A 5.5 A A 

30 7.3 0.3 4.5 -4.2 -0.4 -0.9 0.3 0.9 A 4.7 A A 

31 7.5 0.4 4.8 -1.1 -0.1 -0.2 0.1 1.0 A 5.0 A A 

32 7.6 0.4 5.3 0.0 0.0 0.0 0.0 1.1 A 5.4 A A 

33 7.1 0.4 6.2 -7.1 -0.7 -1.2 0.5 1.2 A 6.4 A A 

34 14.8 0.5 3.3 94.9 9.5 14.4 7.2 1.3 N 3.6 A N 

35 8.0 0.6 6.9 5.3 0.5 0.7 0.4 1.4 A 7.0 A A 

36 689.8 32.6 4.7 8976.2 897.6 20.9 682.2 84.2 N 4.9 A N 

37 7.7 0.4 5.6 1.8 0.2 0.3 0.1 1.1 A 5.7 A A 

39 7.5 0.2 2.9 -1.6 -0.2 -0.5 0.1 0.6 A 3.2 A A 

40 7.6 0.2 2.9 0.1 0.0 0.0 0.0 0.6 A 3.2 A A 

41 7.7 0.2 3.0 1.3 0.1 0.4 0.1 0.6 A 3.3 A A 

42 7.5 0.2 2.7 -1.3 -0.1 -0.4 0.1 0.6 A 3.0 A A 

43 7.3 0.3 3.4 -3.9 -0.4 -1.1 0.3 0.7 A 3.7 A A 

44 7.7 0.3 3.9 1.3 0.1 0.3 0.1 0.8 A 4.1 A A 

45 7.9 0.4 4.8 3.3 0.3 0.6 0.3 1.0 A 5.0 A A 

46 7.8 0.2 3.1 2.8 0.3 0.8 0.2 0.7 A 3.4 A A 

47 7.5 0.2 2.0 -1.3 -0.1 -0.6 0.1 0.5 A 2.4 A A 

48 7.1 0.4 5.9 -6.6 -0.7 -1.2 0.5 1.1 A 6.1 A A 

49 7.6 0.4 5.6 0.5 0.1 0.1 0.0 1.1 A 5.8 A A 

50 7.0 0.6 9.1 -7.9 -0.8 -0.9 0.6 1.7 A 9.2 A A 

51 7.7 0.3 3.9 1.3 0.1 0.3 0.1 0.8 A 4.1 A A 

52 7.6 0.4 5.4 0.5 0.0 0.1 0.0 1.1 A 5.6 A A 

53 7.7 0.5 6.1 1.6 0.2 0.2 0.1 1.2 A 6.2 A A 

54 7.7 0.8 10.4 1.3 0.1 0.1 0.1 2.1 A 10.5 A A 

55 7.1 0.2 2.8 -6.6 -0.7 -2.2 0.5 0.6 A 3.1 A A 

56 7.7 0.4 5.6 0.8 0.1 0.1 0.1 1.1 A 5.8 A A 

57 7.5 0.9 12.3 -2.0 -0.2 -0.2 0.1 2.4 A 12.4 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 33. Distribution of the scores for Co-60 in water (sample 03). 

 

 

FIG. 34. Reported results and their uncertainties for Co-60 in water (sample 03). 
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TABLE 20. PERFORMANCE EVALUATION OF DETERMINATION OF Co-60 IN 

WATER (SAMPLE 03) 

 

Target value: 10.7 ± 0.2 Bq/kg 

MAB:  15 % 

LAP:  15 % 

 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 10.5 1.5 14.3 -1.9 -0.2 -0.1 0.2 3.9 A 14.4 A A 

2 10.9 0.8 7.3 1.9 0.2 0.2 0.2 2.1 A 7.6 A A 

3 10.3 0.2 1.7 -3.6 -0.4 -1.4 0.4 0.7 A 2.6 A A 

5 10.7 0.3 3.0 0.0 0.0 0.0 0.0 1.0 A 3.5 A A 

8 11.1 0.5 4.7 3.7 0.4 0.7 0.4 1.4 A 5.0 A A 

9 11.3 1.3 11.8 5.6 0.6 0.4 0.6 3.5 A 11.9 A A 

10 11.4 0.3 2.6 6.5 0.7 1.9 0.7 0.9 A 3.2 A A 

11 6.8 0.4 5.6 -36.2 -3.6 -9.0 3.9 1.1 N 5.9 A N 

12 10.2 0.4 4.3 -5.0 -0.5 -1.1 0.5 1.2 A 4.7 A A 

13 10.4 0.7 6.7 -2.6 -0.3 -0.4 0.3 1.9 A 7.0 A A 

14 10.7 0.7 6.7 -0.1 0.0 0.0 0.0 1.9 A 7.0 A A 

15 11.0 0.4 3.6 2.5 0.3 0.6 0.3 1.1 A 4.0 A A 

16 12.5 0.7 5.3 17.1 1.7 2.6 1.8 1.8 N 5.7 A N 

17 10.7 0.4 3.7 -0.2 0.0 0.0 0.0 1.2 A 4.2 A A 

18 10.6 0.2 2.2 -0.9 -0.1 -0.3 0.1 0.8 A 2.9 A A 

19 11.5 0.3 2.7 7.6 0.8 2.2 0.8 1.0 A 3.3 A A 

20 10.6 0.3 3.0 -0.9 -0.1 -0.3 0.1 1.0 A 3.6 A A 

21 9.8 0.6 6.1 -8.2 -0.8 -1.4 0.9 1.6 A 6.4 A A 

23 11.0 0.4 4.0 2.8 0.3 0.6 0.3 1.2 A 4.4 A A 

24 12.1 0.2 1.9 12.7 1.3 4.5 1.4 0.8 N 2.7 A W 

26 9.1 0.5 5.5 -15.0 -1.5 -3.0 1.6 1.4 N 5.8 A W 

27 9.5 0.5 5.4 -11.2 -1.1 -2.2 1.2 1.4 A 5.7 A A 

29 10.6 0.6 5.7 -0.9 -0.1 -0.2 0.1 1.6 A 6.0 A A 

30 10.1 0.4 4.0 -5.6 -0.6 -1.3 0.6 1.2 A 4.4 A A 

31 10.8 0.5 4.5 0.7 0.1 0.1 0.1 1.3 A 4.8 A A 

32 10.3 0.5 4.9 -3.7 -0.4 -0.7 0.4 1.4 A 5.2 A A 

33 10.2 0.2 1.7 -4.9 -0.5 -2.0 0.5 0.7 A 2.5 A A 

34 20.7 0.6 3.0 93.3 9.3 15.3 10.0 1.7 N 3.5 A N 

35 9.0 0.6 6.1 -15.9 -1.6 -2.9 1.7 1.5 N 6.4 A N 

36 1023.6 34.4 3.4 9466.7 946.7 29.5 1012.9 88.7 N 3.8 A N 

37 11.1 0.6 4.9 4.1 0.4 0.8 0.4 1.5 A 5.3 A A 

39 10.5 0.3 3.0 -1.9 -0.2 -0.5 0.2 1.0 A 3.6 A A 

40 10.9 0.2 1.4 1.4 0.1 0.6 0.2 0.6 A 2.3 A A 

41 10.7 0.3 3.0 0.0 0.0 0.0 0.0 1.0 A 3.5 A A 

42 10.9 0.3 2.8 1.9 0.2 0.6 0.2 0.9 A 3.3 A A 

43 10.7 0.3 2.8 0.0 0.0 0.0 0.0 0.9 A 3.4 A A 

44 9.9 0.5 5.1 -7.5 -0.7 -1.5 0.8 1.4 A 5.4 A A 

45 10.7 0.5 4.4 -0.4 0.0 -0.1 0.0 1.3 A 4.8 A A 

46 10.6 0.3 3.2 -0.9 -0.1 -0.2 0.1 1.0 A 3.7 A A 

47 10.5 0.2 1.9 -1.9 -0.2 -0.7 0.2 0.7 A 2.7 A A 

48 10.2 0.5 5.1 -4.3 -0.4 -0.8 0.5 1.4 A 5.4 A A 

49 10.8 0.6 5.6 0.9 0.1 0.2 0.1 1.6 A 5.9 A A 

50 9.8 0.7 7.3 -8.5 -0.9 -1.2 0.9 1.9 A 7.5 A A 

51 10.9 0.4 3.7 1.9 0.2 0.4 0.2 1.2 A 4.1 A A 

52 10.8 0.6 5.6 0.7 0.1 0.1 0.1 1.6 A 5.9 A A 

53 11.0 0.7 5.9 2.9 0.3 0.5 0.3 1.8 A 6.2 A A 

54 9.8 0.5 5.1 -8.4 -0.8 -1.7 0.9 1.4 A 5.4 A A 

55 10.1 0.3 3.0 -5.6 -0.6 -1.7 0.6 0.9 A 3.5 A A 

56 10.7 0.6 5.7 0.4 0.0 0.1 0.0 1.7 A 6.0 A A 

57 9.8 1.1 11.3 -8.7 -0.9 -0.8 0.9 2.9 A 11.4 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 35. Distribution of the scores for Ba-133 in water (sample 01). 

 

 

FIG. 36. Reported results and their uncertainties for Ba-133 in water (sample 01). 
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TABLE 21. PERFORMANCE EVALAUTION OF DETERMINATION OF Ba-133 IN 

WATER (SAMPLE 01)  

Target value: 5.0 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 4.0 0.6 15.0 -20.0 -2.0 -1.6 1.0 1.6 A 15.1 A A 

2 4.5 0.7 15.6 -10.0 -1.0 -0.7 0.5 1.8 A 15.7 A A 

3 3.8 0.2 5.6 -25.0 -2.5 -5.4 1.3 0.6 N 5.9 A N 

5 4.7 0.2 4.3 -6.0 -0.6 -1.3 0.3 0.6 A 4.7 A A 

8 5.1 0.2 4.3 2.8 0.3 0.6 0.1 0.6 A 4.7 A A 

9 4.6 0.9 19.0 -8.4 -0.8 -0.5 0.4 2.3 A 19.1 A A 

10 5.4 0.2 3.7 8.0 0.8 1.8 0.4 0.6 A 4.2 A A 

11 4.7 0.3 6.0 -6.0 -0.6 -1.0 0.3 0.8 A 6.3 A A 

12 4.1 0.2 4.2 -18.6 -1.9 -4.7 0.9 0.5 N 4.6 A W 

13 4.9 0.5 9.6 -2.2 -0.2 -0.2 0.1 1.2 A 9.8 A A 

14 4.7 0.2 4.3 -7.0 -0.7 -1.6 0.4 0.6 A 4.7 A A 

15 4.7 0.3 7.2 -6.2 -0.6 -0.9 0.3 0.9 A 7.5 A A 

16 4.2 0.7 16.0 -16.3 -1.6 -1.2 0.8 1.7 A 16.1 A A 

17 4.2 0.4 9.5 -15.6 -1.6 -1.9 0.8 1.1 A 9.7 A A 

18 4.6 0.2 5.0 -8.2 -0.8 -1.6 0.4 0.6 A 5.4 A A 

19 5.2 0.2 3.9 3.4 0.3 0.8 0.2 0.6 A 4.4 A A 

20 4.6 0.2 3.9 -8.0 -0.8 -1.9 0.4 0.5 A 4.4 A A 

21 5.4 0.3 6.2 7.0 0.7 1.0 0.4 0.9 A 6.5 A A 

23 4.6 0.2 4.5 -7.6 -0.8 -1.6 0.4 0.6 A 5.0 A A 

24 5.1 0.3 5.1 2.2 0.2 0.4 0.1 0.7 A 5.5 A A 

26 3.9 0.4 10.3 -22.0 -2.2 -2.7 1.1 1.1 N 10.4 A N 

27 4.0 0.4 9.3 -20.8 -2.1 -2.7 1.0 1.0 N 9.6 A N 

29 4.9 0.3 6.1 -2.0 -0.2 -0.3 0.1 0.8 A 6.4 A A 

30 4.1 0.3 7.8 -17.6 -1.8 -2.6 0.9 0.9 N 8.0 A W 

31 5.8 0.5 7.7 16.2 1.6 1.8 0.8 1.2 A 8.0 A A 

32 4.9 0.5 10.2 -2.0 -0.2 -0.2 0.1 1.3 A 10.4 A A 

33 4.5 0.4 9.2 -11.0 -1.1 -1.3 0.6 1.1 A 9.4 A A 

34 8.2 0.6 7.2 63.4 6.3 5.3 3.2 1.5 N 7.5 A N 

35 4.9 0.4 7.6 -2.0 -0.2 -0.3 0.1 1.0 A 7.8 A A 

36 4.2 0.3 7.5 -17.0 -1.7 -2.6 0.9 0.8 N 7.7 A W 

37 5.0 0.3 5.2 -0.2 0.0 0.0 0.0 0.7 A 5.6 A A 

39 5.4 0.2 4.5 7.2 0.7 1.4 0.4 0.7 A 4.9 A A 

40 5.0 0.1 2.6 0.0 0.0 0.0 0.0 0.4 A 3.3 A A 

41 4.9 0.2 4.1 -1.8 -0.2 -0.4 0.1 0.6 A 4.5 A A 

42 5.2 0.3 5.8 4.0 0.4 0.6 0.2 0.8 A 6.1 A A 

43 5.1 0.2 3.7 1.8 0.2 0.4 0.1 0.6 A 4.2 A A 

44 5.0 0.4 8.0 0.0 0.0 0.0 0.0 1.1 A 8.2 A A 

45 5.1 0.4 7.7 1.4 0.1 0.2 0.1 1.0 A 7.9 A A 

46 5.1 0.3 5.4 1.3 0.1 0.2 0.1 0.8 A 5.8 A A 

47 4.7 0.1 2.1 -6.8 -0.7 -2.4 0.3 0.4 A 2.9 A A 

48 4.4 0.3 7.4 -11.4 -1.1 -1.7 0.6 0.9 A 7.7 A A 

49 4.8 0.2 4.2 -4.2 -0.4 -0.9 0.2 0.6 A 4.6 A A 

50 4.1 0.7 16.1 -17.8 -1.8 -1.3 0.9 1.7 A 16.2 A A 

51 4.7 0.5 10.6 -6.0 -0.6 -0.6 0.3 1.3 A 10.8 A A 

52 4.9 0.4 7.6 -2.9 -0.3 -0.4 0.1 1.0 A 7.9 A A 

53 4.6 0.3 6.4 -9.0 -0.9 -1.5 0.5 0.8 A 6.7 A A 

54 5.0 0.4 8.0 0.0 0.0 0.0 0.0 1.1 A 8.2 A A 

55 4.7 0.2 4.3 -6.0 -0.6 -1.3 0.3 0.6 A 4.7 A A 

56 5.1 0.3 5.7 2.4 0.2 0.4 0.1 0.8 A 6.0 A A 

57 5.1 0.7 14.6 1.6 0.2 0.1 0.1 1.9 A 14.7 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 37. Distribution of the scores for Ba-133 in water (sample 02). 

 

 

 

FIG. 38. Reported results and their uncertainties for Ba-133 in water (sample 02). 
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TABLE 22. PERFORMANCE EVALUATION OF DETERMIANTIONOF Ba-133 IN 

WATER (SAMPLE 02)  

Target value: 2.5 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 1.5 0.2 13.3 -40.0 -4.0 -4.5 1.0 0.6 N 13.9 A N 

2 2.6 0.4 15.4 4.0 0.4 0.2 0.1 1.1 A 15.9 A A 

3 2.5 0.2 7.6 0.0 0.0 0.0 0.0 0.6 A 8.6 A A 

5 2.4 0.1 4.2 -4.0 -0.4 -0.7 0.1 0.4 A 5.8 A A 

8 2.6 0.1 4.6 3.6 0.4 0.6 0.1 0.4 A 6.1 A A 

10 2.7 0.2 7.4 8.0 0.8 0.9 0.2 0.6 A 8.4 A A 

11 3.8 0.2 6.3 52.8 5.3 5.1 1.3 0.7 N 7.4 A N 

12 1.9 0.1 4.7 -22.4 -2.2 -4.1 0.6 0.4 N 6.2 A N 

13 2.5 0.2 8.9 -1.2 -0.1 -0.1 0.0 0.6 A 9.8 A A 

14 2.8 0.1 4.7 11.2 1.1 1.7 0.3 0.4 A 6.2 A A 

15 2.5 0.2 6.5 -1.6 -0.2 -0.2 0.0 0.5 A 7.6 A A 

16 2.2 0.3 15.0 -12.7 -1.3 -0.9 0.3 0.9 A 15.5 A A 

17 2.1 0.2 10.7 -17.6 -1.8 -1.8 0.4 0.6 A 11.4 A A 

18 2.5 0.2 6.3 0.0 0.0 0.0 0.0 0.5 A 7.5 A A 

19 2.8 0.2 5.7 12.8 1.3 1.7 0.3 0.5 A 6.9 A A 

20 2.4 0.1 4.6 -4.0 -0.4 -0.7 0.1 0.4 A 6.1 A A 

21 2.5 0.1 4.7 1.2 0.1 0.2 0.0 0.4 A 6.2 A A 

23 2.8 0.2 6.0 12.4 1.2 1.6 0.3 0.5 A 7.3 A A 

24 3.1 0.2 7.9 22.0 2.2 2.1 0.6 0.7 A 8.8 A A 

27 2.3 0.2 9.4 -6.8 -0.7 -0.7 0.2 0.6 A 10.3 A A 

29 2.6 0.2 7.7 4.0 0.4 0.4 0.1 0.6 A 8.7 A A 

30 2.1 0.2 11.0 -16.0 -1.6 -1.6 0.4 0.6 A 11.7 A A 

31 3.0 0.4 12.0 20.0 2.0 1.3 0.5 1.0 A 12.6 A A 

32 1.9 0.2 10.5 -24.0 -2.4 -2.7 0.6 0.6 N 11.3 A N 

33 2.2 0.2 9.7 -13.6 -1.4 -1.5 0.3 0.6 A 10.5 A A 

34 4.1 0.3 7.9 62.0 6.2 4.6 1.6 0.9 N 8.9 A N 

35 2.8 0.4 12.5 12.0 1.2 0.8 0.3 0.9 A 13.1 A A 

36 3.1 0.3 8.8 22.4 2.2 1.9 0.6 0.7 A 9.7 A A 

37 2.5 0.1 5.6 -0.8 -0.1 -0.1 0.0 0.4 A 6.9 A A 

39 2.5 0.1 4.3 1.6 0.2 0.3 0.0 0.4 A 5.9 A A 

40 2.4 0.1 4.6 -4.4 -0.4 -0.7 0.1 0.4 A 6.1 A A 

41 2.5 0.1 4.0 -0.4 0.0 -0.1 0.0 0.4 A 5.7 A A 

42 2.7 0.3 9.4 6.0 0.6 0.6 0.2 0.7 A 10.2 A A 

43 2.8 0.2 5.7 12.4 1.2 1.6 0.3 0.5 A 7.0 A A 

44 2.6 0.2 7.7 4.0 0.4 0.4 0.1 0.6 A 8.7 A A 

45 2.5 0.3 10.9 -1.2 -0.1 -0.1 0.0 0.7 A 11.6 A A 

46 2.1 0.2 8.6 -14.4 -1.4 -1.7 0.4 0.5 A 9.4 A A 

47 2.3 0.1 3.0 -6.4 -0.6 -1.3 0.2 0.3 A 5.0 A A 

48 2.4 0.2 8.3 -3.6 -0.4 -0.4 0.1 0.6 A 9.2 A A 

49 2.5 0.1 4.7 1.2 0.1 0.2 0.0 0.4 A 6.2 A A 

50 1.8 0.5 27.5 -28.8 -2.9 -1.4 0.7 1.3 A 27.8 N N 

51 2.2 0.2 9.1 -12.0 -1.2 -1.3 0.3 0.6 A 9.9 A A 

52 2.4 0.2 9.0 -2.6 -0.3 -0.3 0.1 0.6 A 9.9 A A 

53 2.4 0.2 7.4 -2.8 -0.3 -0.3 0.1 0.5 A 8.4 A A 

54 2.4 0.4 16.7 -4.0 -0.4 -0.2 0.1 1.1 A 17.1 A A 

55 2.5 0.1 4.0 0.0 0.0 0.0 0.0 0.4 A 5.7 A A 

56 2.4 0.1 5.7 -2.4 -0.2 -0.3 0.1 0.4 A 7.0 A A 

57 2.2 0.6 25.6 -10.8 -1.1 -0.5 0.3 1.5 A 25.9 N W 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 39. Distribution of the scores for Ba-133 in water (sample 03). 

 

 

 

FIG. 40. Reported results and their uncertainties for Ba-133 in water (sample 03). 
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TABLE 23. PERFORMANCE EVALUATION OF DETERMINATION OF Ba-133 IN 

WATER (SAMPLE 03)  

Target value: 3.5 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 3.0 0.5 16.7 -14.3 -1.4 -1.0 0.5 1.3 A 16.9 A A 

2 3.1 0.5 16.1 -11.4 -1.1 -0.8 0.4 1.3 A 16.4 A A 

3 3.0 0.2 7.4 -15.1 -1.5 -2.2 0.5 0.6 A 7.9 A A 

5 3.3 0.1 4.2 -5.7 -0.6 -1.2 0.2 0.4 A 5.1 A A 

8 3.8 0.2 4.7 9.7 1.0 1.7 0.3 0.5 A 5.5 A A 

9 3.2 0.6 17.4 -9.4 -0.9 -0.6 0.3 1.4 A 17.6 A A 

10 4.5 0.3 6.7 28.6 2.9 3.2 1.0 0.8 N 7.3 A N 

11 2.5 0.2 6.7 -28.0 -2.8 -5.0 1.0 0.5 N 7.3 A N 

12 2.9 0.1 4.5 -17.1 -1.7 -3.7 0.6 0.4 N 5.3 A W 

13 3.4 0.4 10.2 -1.7 -0.2 -0.2 0.1 0.9 A 10.6 A A 

14 3.5 0.2 4.3 -0.9 -0.1 -0.2 0.0 0.5 A 5.2 A A 

15 3.2 0.3 10.3 -8.3 -0.8 -0.8 0.3 0.9 A 10.7 A A 

16 3.8 0.4 9.6 7.6 0.8 0.7 0.3 1.0 A 10.1 A A 

17 2.9 0.3 9.6 -16.3 -1.6 -1.9 0.6 0.8 A 10.0 A A 

18 3.3 0.2 5.6 -5.1 -0.5 -0.9 0.2 0.5 A 6.3 A A 

19 3.9 0.2 6.2 10.3 1.0 1.4 0.4 0.7 A 6.8 A A 

20 3.3 0.1 3.9 -5.7 -0.6 -1.2 0.2 0.4 A 4.9 A A 

21 3.8 0.3 7.6 8.9 0.9 1.0 0.3 0.8 A 8.1 A A 

23 3.7 0.3 7.5 6.3 0.6 0.7 0.2 0.8 A 8.1 A A 

24 3.7 0.3 7.0 6.0 0.6 0.8 0.2 0.7 A 7.6 A A 

26 2.9 0.2 6.9 -17.1 -1.7 -2.7 0.6 0.6 N 7.5 A W 

27 3.6 0.3 9.4 3.4 0.3 0.3 0.1 0.9 A 9.8 A A 

29 3.8 0.2 5.3 8.6 0.9 1.3 0.3 0.6 A 6.0 A A 

30 2.8 0.2 7.2 -20.9 -2.1 -3.3 0.7 0.6 N 7.8 A N 

31 4.7 0.4 9.3 35.1 3.5 2.7 1.2 1.2 N 9.7 A N 

32 3.0 0.4 13.3 -14.3 -1.4 -1.2 0.5 1.1 A 13.6 A A 

33 4.4 0.4 8.0 25.4 2.5 2.4 0.9 0.9 A 8.5 A A 

34 6.3 0.4 6.8 80.6 8.1 6.4 2.8 1.1 N 7.4 A N 

35 3.5 0.3 7.7 0.0 0.0 0.0 0.0 0.7 A 8.2 A A 

36 3.1 0.3 8.7 -10.9 -1.1 -1.3 0.4 0.7 A 9.1 A A 

37 3.5 0.2 6.6 -1.1 -0.1 -0.2 0.0 0.6 A 7.2 A A 

39 3.8 0.1 2.9 9.4 0.9 2.2 0.3 0.4 A 4.1 A A 

40 3.5 0.1 2.9 0.0 0.0 0.0 0.0 0.4 A 4.0 A A 

41 3.6 0.1 3.9 1.7 0.2 0.3 0.1 0.4 A 4.9 A A 

42 3.7 0.2 5.4 5.7 0.6 0.9 0.2 0.6 A 6.1 A A 

43 3.8 0.2 5.0 8.0 0.8 1.3 0.3 0.6 A 5.8 A A 

44 3.6 0.3 8.3 2.9 0.3 0.3 0.1 0.8 A 8.8 A A 

45 3.6 0.3 9.5 2.0 0.2 0.2 0.1 0.9 A 9.9 A A 

46 3.7 0.3 6.8 5.5 0.5 0.7 0.2 0.7 A 7.3 A A 

47 3.3 0.1 3.7 -6.6 -0.7 -1.5 0.2 0.4 A 4.7 A A 

48 2.9 0.2 7.2 -16.3 -1.6 -2.5 0.6 0.6 A 7.7 A A 

49 3.4 0.2 4.7 -2.9 -0.3 -0.5 0.1 0.5 A 5.5 A A 

50 2.3 0.6 27.5 -33.4 -3.3 -1.8 1.2 1.7 A 27.6 N N 

51 3.1 0.3 9.7 -11.4 -1.1 -1.3 0.4 0.8 A 10.1 A A 

52 3.4 0.3 7.9 -2.5 -0.2 -0.3 0.1 0.7 A 8.4 A A 

53 3.5 0.2 6.9 -0.6 -0.1 -0.1 0.0 0.7 A 7.5 A A 

54 2.7 0.3 11.1 -22.9 -2.3 -2.5 0.8 0.8 A 11.5 A A 

55 3.4 0.1 2.9 -2.9 -0.3 -0.7 0.1 0.4 A 4.1 A A 

56 3.1 0.2 5.8 -10.9 -1.1 -1.8 0.4 0.5 A 6.4 A A 

57 3.3 0.7 20.5 -6.6 -0.7 -0.3 0.2 1.7 A 20.7 N W 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 41. Distribution of the scores for Cs-134 in water (sample 01). 

 

 

 

FIG. 42. Reported results and their uncertainties for Cs-134 in water (sample 01). 
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TABLE 24. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-134 IN 

WATER (SAMPLE 01) 

 

Target value: 7.7 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 6.0 0.8 13.3 -22.1 -2.2 -2.1 1.7 2.1 A 13.4 A A 

2 7.9 0.6 7.6 2.6 0.3 0.3 0.2 1.6 A 7.7 A A 

3 7.0 0.2 3.4 -9.6 -1.0 -2.8 0.7 0.7 N 3.7 A W 

5 8.1 0.3 4.0 4.9 0.5 1.1 0.4 0.9 A 4.2 A A 

8 8.0 0.3 4.2 3.2 0.3 0.7 0.3 0.9 A 4.3 A A 

9 6.6 0.9 13.3 -14.3 -1.4 -1.2 1.1 2.3 A 13.4 A A 

10 7.6 0.3 3.9 -1.3 -0.1 -0.3 0.1 0.8 A 4.2 A A 

11 7.3 0.4 5.3 -4.9 -0.5 -0.9 0.4 1.0 A 5.5 A A 

12 7.5 0.3 3.6 -3.2 -0.3 -0.9 0.3 0.7 A 3.8 A A 

13 7.1 0.6 8.1 -8.4 -0.8 -1.1 0.7 1.5 A 8.2 A A 

14 7.6 0.3 4.0 -1.7 -0.2 -0.4 0.1 0.8 A 4.2 A A 

15 7.2 0.3 4.5 -6.6 -0.7 -1.5 0.5 0.9 A 4.6 A A 

16 6.4 0.3 4.3 -17.1 -1.7 -4.5 1.3 0.8 N 4.5 A W 

17 7.8 0.5 6.2 0.8 0.1 0.1 0.1 1.3 A 6.3 A A 

18 6.4 0.1 2.3 -17.4 -1.7 -7.6 1.3 0.5 N 2.6 A W 

19 7.9 0.2 2.8 2.5 0.2 0.8 0.2 0.6 A 3.1 A A 

20 7.6 0.2 3.0 -1.3 -0.1 -0.4 0.1 0.6 A 3.3 A A 

21 6.5 0.5 7.0 -15.2 -1.5 -2.5 1.2 1.2 A 7.2 A A 

23 7.1 0.2 3.4 -7.3 -0.7 -2.2 0.6 0.7 A 3.6 A A 

24 7.8 0.2 2.3 0.9 0.1 0.3 0.1 0.5 A 2.7 A A 

26 5.9 0.4 6.8 -23.4 -2.3 -4.4 1.8 1.1 N 6.9 A N 

27 7.5 0.4 5.3 -2.9 -0.3 -0.5 0.2 1.1 A 5.5 A A 

29 6.8 0.4 5.9 -11.7 -1.2 -2.2 0.9 1.1 A 6.0 A A 

30 6.2 0.3 5.3 -19.9 -2.0 -4.4 1.5 0.9 N 5.5 A W 

31 7.4 0.7 9.2 -3.5 -0.4 -0.4 0.3 1.8 A 9.2 A A 

32 7.5 0.4 5.3 -2.6 -0.3 -0.5 0.2 1.1 A 5.5 A A 

33 5.8 0.4 6.6 -24.8 -2.5 -4.9 1.9 1.0 N 6.7 A N 

34 13.8 0.7 4.9 78.8 7.9 8.8 6.1 1.8 N 5.1 A N 

35 7.8 0.6 8.2 1.3 0.1 0.2 0.1 1.7 A 8.3 A A 

36 6.3 0.2 3.3 -18.4 -1.8 -6.1 1.4 0.6 N 3.6 A W 

37 7.2 0.4 5.5 -6.0 -0.6 -1.1 0.5 1.1 A 5.7 A A 

39 7.3 0.2 3.0 -5.5 -0.5 -1.7 0.4 0.6 A 3.3 A A 

40 7.9 0.1 1.8 2.9 0.3 1.3 0.2 0.4 A 2.2 A A 

41 7.8 0.3 3.8 1.8 0.2 0.4 0.1 0.8 A 4.0 A A 

42 7.7 0.3 3.9 0.0 0.0 0.0 0.0 0.8 A 4.1 A A 

43 7.5 0.2 2.5 -2.5 -0.2 -0.9 0.2 0.6 A 2.8 A A 

44 7.2 0.4 5.6 -6.5 -0.6 -1.2 0.5 1.1 A 5.7 A A 

45 7.8 0.4 5.7 0.9 0.1 0.2 0.1 1.2 A 5.8 A A 

46 7.2 0.2 3.3 -5.9 -0.6 -1.8 0.5 0.7 A 3.5 A A 

47 7.5 0.2 2.1 -2.2 -0.2 -0.9 0.2 0.5 A 2.5 A A 

48 7.4 0.6 8.6 -4.5 -0.5 -0.5 0.4 1.6 A 8.7 A A 

49 7.4 0.3 4.3 -3.8 -0.4 -0.9 0.3 0.9 A 4.5 A A 

50 6.3 0.5 8.6 -18.7 -1.9 -2.6 1.4 1.4 N 8.7 A W 

51 7.7 0.4 5.2 0.0 0.0 0.0 0.0 1.1 A 5.4 A A 

52 6.8 0.5 7.9 -11.6 -1.2 -1.6 0.9 1.4 A 8.0 A A 

53 6.9 0.4 5.7 -10.9 -1.1 -2.1 0.8 1.0 A 5.8 A A 

54 7.8 0.6 7.7 1.3 0.1 0.2 0.1 1.6 A 7.8 A A 

55 7.0 0.1 1.4 -9.1 -0.9 -4.9 0.7 0.4 N 1.9 A W 

56 6.9 0.4 5.7 -10.8 -1.1 -2.1 0.8 1.0 A 5.8 A A 

57 8.4 1.0 11.7 9.5 0.9 0.7 0.7 2.6 A 11.8 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 43. Distribution of the scores for Cs-134 in water (sample 02). 

 

 

 

FIG. 44. Reported results and their uncertainties for Cs-134 in water (sample 02). 
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TABLE 25. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-134 IN 

WATER (SAMPLE 02) 

 

Target value: 3.8 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 3.0 0.5 16.7 -21.1 -2.1 -1.6 0.8 1.3 A 16.9 A A 

2 3.9 0.3 7.7 2.6 0.3 0.3 0.1 0.8 A 8.1 A A 

3 3.5 0.1 2.8 -8.2 -0.8 -2.2 0.3 0.4 A 3.8 A A 

5 4.0 0.2 4.1 3.9 0.4 0.8 0.2 0.5 A 4.8 A A 

8 3.9 0.2 4.4 2.1 0.2 0.4 0.1 0.5 A 5.1 A A 

9 3.5 0.5 13.1 -7.9 -0.8 -0.6 0.3 1.2 A 13.4 A A 

10 3.8 0.2 5.3 0.0 0.0 0.0 0.0 0.6 A 5.9 A A 

11 5.3 0.3 5.4 40.3 4.0 5.0 1.5 0.8 N 6.0 A N 

12 3.8 0.2 4.0 -0.5 -0.1 -0.1 0.0 0.5 A 4.8 A A 

13 3.6 0.3 8.8 -4.5 -0.4 -0.5 0.2 0.9 A 9.2 A A 

14 3.7 0.2 4.3 -2.1 -0.2 -0.4 0.1 0.5 A 5.0 A A 

15 3.5 0.2 5.4 -7.6 -0.8 -1.4 0.3 0.6 A 6.0 A A 

16 3.4 0.3 7.7 -11.2 -1.1 -1.5 0.4 0.7 A 8.2 A A 

17 3.9 0.3 7.3 1.3 0.1 0.2 0.1 0.8 A 7.7 A A 

18 3.3 0.1 3.3 -13.4 -1.3 -3.4 0.5 0.4 N 4.3 A W 

19 3.8 0.1 3.7 0.3 0.0 0.1 0.0 0.4 A 4.5 A A 

20 3.7 0.1 3.0 -2.6 -0.3 -0.7 0.1 0.4 A 4.0 A A 

21 3.9 0.2 5.1 2.4 0.2 0.4 0.1 0.6 A 5.8 A A 

23 3.9 0.1 3.6 2.9 0.3 0.6 0.1 0.4 A 4.4 A A 

24 3.9 0.2 4.9 1.8 0.2 0.3 0.1 0.6 A 5.6 A A 

26 3.3 0.5 15.2 -13.2 -1.3 -1.0 0.5 1.3 A 15.4 A A 

27 3.5 0.2 5.4 -7.4 -0.7 -1.3 0.3 0.6 A 6.0 A A 

29 3.6 0.2 5.6 -5.3 -0.5 -0.9 0.2 0.6 A 6.1 A A 

30 3.1 0.2 6.1 -17.9 -1.8 -3.2 0.7 0.6 N 6.6 A W 

31 4.9 0.5 10.2 28.4 2.8 2.1 1.1 1.3 A 10.6 A A 

32 3.1 0.3 9.7 -18.4 -1.8 -2.2 0.7 0.8 A 10.0 A A 

33 3.0 0.0 1.0 -21.1 -2.1 -7.7 0.8 0.3 N 2.8 A N 

34 6.4 0.4 5.6 69.2 6.9 7.0 2.6 1.0 N 6.2 A N 

35 3.8 0.4 9.5 0.0 0.0 0.0 0.0 1.0 A 9.8 A A 

36 3.0 0.2 5.0 -20.5 -2.1 -4.3 0.8 0.5 N 5.6 A N 

37 3.7 0.2 5.7 -3.7 -0.4 -0.6 0.1 0.6 A 6.3 A A 

39 3.7 0.1 3.3 -2.9 -0.3 -0.7 0.1 0.4 A 4.2 A A 

40 3.7 0.1 3.5 -2.4 -0.2 -0.5 0.1 0.4 A 4.4 A A 

41 4.0 0.2 4.1 3.9 0.4 0.8 0.2 0.5 A 4.8 A A 

42 3.9 0.2 5.1 2.6 0.3 0.4 0.1 0.6 A 5.8 A A 

43 3.8 0.2 4.2 1.1 0.1 0.2 0.0 0.5 A 4.9 A A 

44 3.6 0.2 5.6 -5.3 -0.5 -0.9 0.2 0.6 A 6.1 A A 

45 4.0 0.3 7.0 5.0 0.5 0.6 0.2 0.8 A 7.5 A A 

46 3.6 0.1 3.7 -4.4 -0.4 -1.0 0.2 0.4 A 4.5 A A 

47 3.8 0.1 2.1 -1.3 -0.1 -0.4 0.0 0.3 A 3.4 A A 

48 3.5 0.3 7.2 -8.4 -0.8 -1.2 0.3 0.7 A 7.7 A A 

49 3.7 0.2 4.5 -1.6 -0.2 -0.3 0.1 0.5 A 5.3 A A 

50 2.9 0.4 14.3 -24.7 -2.5 -2.2 0.9 1.1 A 14.6 A A 

51 3.6 0.2 5.6 -5.3 -0.5 -0.9 0.2 0.6 A 6.1 A A 

52 3.6 0.3 8.5 -5.3 -0.5 -0.6 0.2 0.8 A 8.9 A A 

53 3.9 0.3 6.4 2.1 0.2 0.3 0.1 0.7 A 7.0 A A 

54 4.1 0.4 9.8 7.9 0.8 0.7 0.3 1.1 A 10.1 A A 

55 3.3 0.1 3.0 -13.2 -1.3 -3.5 0.5 0.4 N 4.0 A W 

56 3.5 0.2 5.8 -8.7 -0.9 -1.5 0.3 0.6 A 6.3 A A 

57 2.7 0.7 23.9 -28.4 -2.8 -1.6 1.1 1.7 A 24.0 N N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 45. Distribution of the scores for Cs-134 in water (sample 03). 

 

 

 

FIG. 46. Reported results and their uncertainties for Cs-134 in water (sample 03). 
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TABLE 26. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-134 IN 

WATER (SAMPLE 03)  

Target value: 5,4 ± 0.1 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 4.5 0.6 13.3 -16.7 -1.7 -1.5 0.9 1.6 A 13.5 A A 

2 5.4 0.4 7.4 0.0 0.0 0.0 0.0 1.1 A 7.6 A A 

3 4.4 0.1 2.5 -17.8 -1.8 -6.5 1.0 0.4 N 3.1 A W 

5 5.5 0.2 3.9 0.9 0.1 0.2 0.0 0.6 A 4.3 A A 

8 5.8 0.3 4.5 6.9 0.7 1.3 0.4 0.7 A 4.9 A A 

9 4.5 0.6 13.4 -15.9 -1.6 -1.4 0.9 1.6 A 13.6 A A 

10 5.2 0.2 3.8 -3.7 -0.4 -0.9 0.2 0.6 A 4.3 A A 

11 3.5 0.2 5.6 -34.4 -3.4 -8.3 1.9 0.6 N 5.9 A N 

12 5.0 0.2 3.8 -8.3 -0.8 -2.1 0.5 0.6 A 4.3 A A 

13 5.1 0.4 8.4 -5.2 -0.5 -0.6 0.3 1.1 A 8.6 A A 

14 5.1 0.2 4.1 -5.0 -0.5 -1.2 0.3 0.6 A 4.5 A A 

15 4.5 0.4 7.7 -16.3 -1.6 -2.4 0.9 0.9 A 8.0 A A 

16 5.7 0.0 0.4 5.6 0.6 2.9 0.3 0.3 N 1.9 A W 

17 5.5 0.8 14.5 2.0 0.2 0.1 0.1 2.1 A 14.6 A A 

18 4.7 0.1 2.7 -12.4 -1.2 -4.1 0.7 0.4 N 3.3 A W 

19 5.4 0.2 4.1 0.0 0.0 0.0 0.0 0.6 A 4.5 A A 

20 5.2 0.2 3.1 -3.7 -0.4 -1.1 0.2 0.5 A 3.6 A A 

21 4.8 0.4 8.4 -11.5 -1.1 -1.5 0.6 1.1 A 8.6 A A 

23 5.4 0.3 6.1 -0.6 -0.1 -0.1 0.0 0.9 A 6.4 A A 

24 5.2 0.2 3.8 -3.5 -0.4 -0.8 0.2 0.6 A 4.3 A A 

26 4.4 0.3 6.8 -18.5 -1.9 -3.2 1.0 0.8 N 7.1 A W 

27 4.9 0.3 5.3 -8.9 -0.9 -1.7 0.5 0.7 A 5.6 A A 

29 4.8 0.2 4.2 -11.1 -1.1 -2.7 0.6 0.6 N 4.6 A W 

30 4.7 0.2 4.9 -13.0 -1.3 -2.8 0.7 0.6 N 5.2 A W 

31 6.2 0.6 10.0 15.4 1.5 1.3 0.8 1.6 A 10.1 A A 

32 4.5 0.3 6.7 -16.7 -1.7 -2.8 0.9 0.8 N 6.9 A W 

33 4.7 0.0 0.8 -12.8 -1.3 -6.4 0.7 0.3 N 2.0 A W 

34 9.4 0.5 5.0 74.1 7.4 8.3 4.0 1.2 N 5.3 A N 

35 4.9 0.4 8.6 -9.3 -0.9 -1.2 0.5 1.1 A 8.8 A A 

36 4.1 0.2 4.6 -23.7 -2.4 -6.0 1.3 0.6 N 5.0 A N 

37 4.8 0.2 5.0 -10.9 -1.1 -2.3 0.6 0.7 A 5.3 A A 

39 5.3 0.2 3.0 -1.5 -0.1 -0.4 0.1 0.5 A 3.5 A A 

40 5.6 0.1 2.0 2.8 0.3 1.0 0.1 0.4 A 2.7 A A 

41 5.6 0.2 4.0 2.8 0.3 0.6 0.1 0.6 A 4.4 A A 

42 5.6 0.2 3.6 3.7 0.4 0.9 0.2 0.6 A 4.0 A A 

43 5.3 0.2 3.6 -1.5 -0.1 -0.4 0.1 0.6 A 4.0 A A 

44 4.4 0.3 6.8 -18.5 -1.9 -3.2 1.0 0.8 N 7.1 A W 

45 5.1 0.3 6.3 -5.4 -0.5 -0.9 0.3 0.9 A 6.5 A A 

46 5.3 0.2 3.7 -1.9 -0.2 -0.5 0.1 0.6 A 4.1 A A 

47 5.4 0.1 2.2 0.2 0.0 0.1 0.0 0.4 A 2.9 A A 

48 4.2 0.3 7.7 -22.6 -2.3 -3.6 1.2 0.9 N 7.9 A N 

49 5.3 0.2 4.6 -2.6 -0.3 -0.5 0.1 0.7 A 4.9 A A 

50 4.2 0.9 20.5 -22.4 -2.2 -1.4 1.2 2.2 A 20.6 N N 

51 5.4 0.3 5.6 0.0 0.0 0.0 0.0 0.8 A 5.9 A A 

52 5.1 0.3 6.0 -5.8 -0.6 -1.0 0.3 0.8 A 6.3 A A 

53 5.2 0.3 6.1 -3.1 -0.3 -0.5 0.2 0.9 A 6.4 A A 

54 4.7 0.3 6.4 -13.0 -1.3 -2.2 0.7 0.8 A 6.6 A A 

55 4.6 0.1 2.2 -14.8 -1.5 -5.7 0.8 0.4 N 2.9 A W 

56 4.8 0.3 5.7 -11.9 -1.2 -2.2 0.6 0.7 A 6.0 A A 

57 5.5 0.8 15.2 2.2 0.2 0.1 0.1 2.2 A 15.3 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 47. Distribution of the scores for Eu-152 in water (sample 01). 

 

 

 

FIG. 48. Reported results and their uncertainties for Eu-152 in water (sample 01). 
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TABLE 27. PERFORMANCE EVALUATION OF DETERMINATION OF Eu-152 IN 

WATER (SAMPLE 01) 

 

Target value: 15.4 ± 0.1 Bq/kg 

MAB:  15 % 

LAP:  15 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 13.0 2.0 15.4 -15.6 -1.6 -1.2 2.4 5.2 A 15.4 N N 

2 13.9 2.1 15.1 -9.7 -1.0 -0.7 1.5 5.4 A 15.2 N W 

3 13.0 0.9 6.6 -15.5 -1.5 -2.7 2.4 2.3 N 6.7 A N 

5 14.5 0.6 4.0 -5.8 -0.6 -1.5 0.9 1.6 A 4.2 A A 

8 15.5 0.6 4.1 0.5 0.0 0.1 0.1 1.7 A 4.3 A A 

9 15.5 1.1 7.1 0.6 0.1 0.1 0.1 2.9 A 7.2 A A 

10 16.0 0.4 2.5 3.9 0.4 1.3 0.6 1.2 A 2.8 A A 

11 14.4 0.8 5.3 -6.5 -0.6 -1.3 1.0 2.1 A 5.5 A A 

12 13.6 0.5 3.4 -11.9 -1.2 -3.6 1.8 1.3 N 3.6 A W 

13 13.8 1.3 9.3 -10.6 -1.1 -1.3 1.6 3.3 A 9.4 A A 

14 14.7 0.6 3.7 -4.5 -0.4 -1.2 0.7 1.5 A 4.0 A A 

15 12.5 0.5 4.0 -19.0 -1.9 -5.4 2.9 1.4 N 4.2 A N 

16 12.7 0.6 5.0 -17.2 -1.7 -4.0 2.7 1.7 N 5.1 A N 

17 13.0 0.7 5.7 -15.5 -1.5 -3.1 2.4 2.0 N 5.8 A N 

18 13.2 0.3 2.4 -14.3 -1.4 -5.9 2.2 1.0 N 2.7 A W 

19 16.0 0.6 3.4 4.2 0.4 1.1 0.6 1.5 A 3.7 A A 

20 14.6 0.4 2.9 -5.2 -0.5 -1.7 0.8 1.2 A 3.2 A A 

21 18.8 2.8 14.8 21.8 2.2 1.2 3.4 7.2 A 14.8 A A 

23 15.0 0.6 3.7 -2.6 -0.3 -0.7 0.4 1.5 A 4.0 A A 

24 13.4 0.5 3.9 -13.0 -1.3 -3.6 2.0 1.4 N 4.1 A W 

26 14.2 1.1 7.7 -7.8 -0.8 -1.1 1.2 2.9 A 7.9 A A 

27 13.0 1.0 7.7 -15.6 -1.6 -2.4 2.4 2.6 A 7.8 A A 

29 13.4 0.7 5.2 -13.0 -1.3 -2.7 2.0 1.9 N 5.4 A W 

30 13.1 0.6 4.6 -14.9 -1.5 -3.6 2.3 1.6 N 4.8 A W 

31 15.4 1.0 6.7 0.1 0.0 0.0 0.0 2.7 A 6.8 A A 

32 13.6 0.7 5.1 -11.7 -1.2 -2.5 1.8 1.9 A 5.3 A A 

33 16.2 1.5 9.5 4.9 0.5 0.5 0.8 4.0 A 9.6 A A 

34 27.8 1.6 5.6 80.8 8.1 7.9 12.4 4.1 N 5.8 A N 

35 14.8 1.2 8.1 -3.9 -0.4 -0.5 0.6 3.1 A 8.2 A A 

36 12.5 0.6 4.6 -18.7 -1.9 -4.7 2.9 1.6 N 4.8 A N 

37 14.7 0.8 5.3 -4.7 -0.5 -0.9 0.7 2.1 A 5.5 A A 

39 14.7 0.4 3.0 -4.5 -0.4 -1.4 0.7 1.2 A 3.3 A A 

40 16.4 0.3 2.0 6.2 0.6 2.5 1.0 1.0 A 2.4 A A 

41 14.1 0.4 3.0 -8.4 -0.8 -2.8 1.3 1.2 N 3.2 A W 

42 16.6 0.6 3.6 7.8 0.8 1.9 1.2 1.6 A 3.8 A A 

43 15.3 0.4 2.3 -0.6 -0.1 -0.2 0.1 1.0 A 2.6 A A 

44 18.0 0.8 4.4 16.9 1.7 3.2 2.6 2.1 N 4.6 A N 

45 16.6 1.1 6.9 7.5 0.8 1.0 1.2 3.0 A 7.0 A A 

46 15.3 0.5 3.1 -0.4 0.0 -0.1 0.1 1.3 A 3.3 A A 

47 15.0 0.3 2.0 -2.6 -0.3 -1.1 0.4 0.9 A 2.4 A A 

48 14.1 1.0 7.0 -8.4 -0.8 -1.3 1.3 2.6 A 7.1 A A 

49 14.5 0.6 4.1 -5.8 -0.6 -1.4 0.9 1.6 A 4.3 A A 

50 12.7 0.9 7.1 -17.5 -1.8 -2.9 2.7 2.4 N 7.2 A N 

51 14.3 0.8 5.6 -7.1 -0.7 -1.3 1.1 2.1 A 5.7 A A 

52 14.9 1.0 6.9 -3.4 -0.3 -0.5 0.5 2.7 A 7.0 A A 

53 13.4 0.8 5.7 -13.0 -1.3 -2.5 2.0 2.0 A 5.8 A A 

54 15.2 0.9 5.9 -1.3 -0.1 -0.2 0.2 2.4 A 6.1 A A 

55 14.1 0.3 2.1 -8.4 -0.8 -3.6 1.3 0.9 N 2.5 A W 

56 14.5 0.8 5.7 -5.9 -0.6 -1.1 0.9 2.2 A 5.9 A A 

57 16.5 1.9 11.5 7.1 0.7 0.6 1.1 4.9 A 11.6 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 49. Distribution of the scores for Eu-152 in water (sample 02). 

 

 

 

FIG. 50. Reported results and their uncertainties for Eu-152 in water (sample 02). 
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TABLE 28. PERFORMANCE EVALUATION OF DETERMINATION OF Eu-152 IN 

WATER (SAMPLE 02)  

Target value: 7.7 ± 0.1 Bq/kg 

MAB:  15 % 

LAP:  15 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 6.0 0.8 13.3 -22.1 -2.2 -2.1 1.7 2.1 A 13.4 A A 

2 7.5 1.1 14.7 -2.6 -0.3 -0.2 0.2 2.8 A 14.7 A A 

3 7.9 0.6 7.1 2.5 0.2 0.3 0.2 1.5 A 7.2 A A 

5 7.0 0.3 4.4 -9.1 -0.9 -2.1 0.7 0.8 A 4.6 A A 

8 7.8 0.3 4.2 0.9 0.1 0.2 0.1 0.9 A 4.4 A A 

9 7.8 1.0 13.0 0.6 0.1 0.0 0.0 2.6 A 13.1 A A 

10 7.4 0.3 4.1 -3.9 -0.4 -0.9 0.3 0.8 A 4.3 A A 

11 10.9 0.6 5.5 41.3 4.1 5.2 3.2 1.6 N 5.7 A N 

12 6.4 0.2 3.8 -17.3 -1.7 -5.1 1.3 0.7 N 4.0 A N 

13 7.3 0.7 9.9 -5.5 -0.5 -0.6 0.4 1.9 A 10.0 A A 

14 7.3 0.3 4.0 -5.1 -0.5 -1.3 0.4 0.8 A 4.2 A A 

15 6.6 0.3 4.7 -13.8 -1.4 -3.3 1.1 0.8 N 4.8 A W 

16 5.7 0.5 8.6 -25.6 -2.6 -3.9 2.0 1.3 N 8.7 A N 

17 6.3 0.3 5.1 -17.9 -1.8 -4.1 1.4 0.9 N 5.2 A N 

18 7.2 0.2 3.2 -7.1 -0.7 -2.2 0.6 0.6 A 3.4 A A 

19 8.6 0.5 5.2 11.8 1.2 2.0 0.9 1.2 A 5.4 A A 

20 6.9 0.2 3.0 -10.4 -1.0 -3.4 0.8 0.6 N 3.3 A W 

21 7.2 0.8 11.1 -6.1 -0.6 -0.6 0.5 2.1 A 11.1 A A 

23 8.0 0.3 4.0 4.4 0.4 1.0 0.3 0.9 A 4.2 A A 

24 6.7 0.5 6.7 -12.6 -1.3 -2.1 1.0 1.2 A 6.8 A A 

26 4.6 0.9 19.6 -40.3 -4.0 -3.4 3.1 2.3 N 19.6 N N 

27 8.3 0.6 7.6 7.7 0.8 0.9 0.6 1.6 A 7.7 A A 

29 6.7 0.3 4.5 -13.0 -1.3 -3.2 1.0 0.8 N 4.7 A W 

30 8.5 0.5 6.1 10.3 1.0 1.5 0.8 1.4 A 6.3 A A 

31 8.6 0.8 9.8 11.7 1.2 1.1 0.9 2.2 A 9.9 A A 

32 6.3 0.4 6.3 -18.2 -1.8 -3.4 1.4 1.1 N 6.5 A N 

33 7.4 0.9 12.7 -4.0 -0.4 -0.3 0.3 2.4 A 12.8 A A 

34 15.0 0.9 5.8 95.3 9.5 8.4 7.3 2.3 N 5.9 A N 

35 8.7 0.9 10.3 13.0 1.3 1.1 1.0 2.3 A 10.4 A A 

36 6.2 0.4 5.7 -20.0 -2.0 -4.2 1.5 0.9 N 5.8 A N 

37 7.4 0.5 6.7 -3.8 -0.4 -0.6 0.3 1.3 A 6.9 A A 

39 8.1 0.4 5.2 4.5 0.5 0.8 0.4 1.1 A 5.4 A A 

40 7.6 0.3 3.7 -1.3 -0.1 -0.3 0.1 0.8 A 3.9 A A 

41 7.4 0.2 3.0 -3.8 -0.4 -1.2 0.3 0.6 A 3.2 A A 

42 8.0 0.4 4.4 3.2 0.3 0.7 0.3 0.9 A 4.6 A A 

43 7.4 0.3 4.1 -3.9 -0.4 -0.9 0.3 0.8 A 4.3 A A 

44 7.7 0.4 5.2 0.0 0.0 0.0 0.0 1.1 A 5.4 A A 

45 8.4 0.7 7.9 9.5 0.9 1.1 0.7 1.7 A 8.1 A A 

46 7.4 0.3 3.5 -4.4 -0.4 -1.2 0.3 0.7 A 3.8 A A 

47 7.7 0.2 2.6 0.3 0.0 0.1 0.0 0.6 A 2.9 A A 

48 6.5 0.5 7.3 -15.8 -1.6 -2.5 1.2 1.2 A 7.4 A A 

49 7.3 0.3 4.2 -4.9 -0.5 -1.2 0.4 0.8 A 4.4 A A 

50 7.0 0.7 9.8 -9.5 -0.9 -1.1 0.7 1.8 A 9.8 A A 

51 7.3 0.5 6.8 -5.2 -0.5 -0.8 0.4 1.3 A 7.0 A A 

52 7.8 0.6 8.0 0.9 0.1 0.1 0.1 1.6 A 8.1 A A 

53 7.9 0.5 6.7 3.1 0.3 0.4 0.2 1.4 A 6.8 A A 

54 8.4 0.9 10.7 9.1 0.9 0.8 0.7 2.3 A 10.8 A A 

55 7.7 0.3 3.9 0.0 0.0 0.0 0.0 0.8 A 4.1 A A 

56 6.9 0.4 5.8 -11.0 -1.1 -2.1 0.9 1.1 A 6.0 A A 

57 6.5 1.5 23.2 -16.1 -1.6 -0.8 1.2 3.9 A 23.3 N N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 51. Distribution of the scores for Eu-152 in water (sample 03). 

 

 

 

FIG. 52. Reported results and their uncertainties for Eu-152 in water (sample 03). 
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TABLE 29. PERFORMANCE EVALUATION OF DETERMINATION OF Eu-152 IN 

WATER (SAMPLE 03) 

 

Target value: 10.8 ± 0.2 Bq/kg 

MAB:  15 % 

LAP:  15 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 9.0 1.0 11.1 -16.7 -1.7 -1.8 1.8 2.6 A 11.3 A A 

2 9.6 1.4 14.6 -11.1 -1.1 -0.8 1.2 3.6 A 14.7 A A 

3 10.7 0.7 6.5 -1.2 -0.1 -0.2 0.1 1.9 A 6.7 A A 

5 10.4 0.4 4.0 -3.7 -0.4 -0.9 0.4 1.2 A 4.4 A A 

8 11.0 0.5 4.4 2.0 0.2 0.4 0.2 1.4 A 4.8 A A 

9 10.1 1.4 14.0 -6.1 -0.6 -0.5 0.7 3.7 A 14.1 A A 

10 10.3 0.3 2.9 -4.6 -0.5 -1.4 0.5 0.9 A 3.5 A A 

11 6.9 0.4 5.8 -35.8 -3.6 -8.7 3.9 1.2 N 6.1 A N 

12 9.0 0.3 3.6 -17.0 -1.7 -4.9 1.8 1.0 N 4.0 A N 

13 11.1 1.1 9.7 2.9 0.3 0.3 0.3 2.8 A 9.9 A A 

14 10.4 0.4 3.8 -4.0 -0.4 -1.0 0.4 1.1 A 4.2 A A 

15 8.3 0.6 7.1 -22.9 -2.3 -4.0 2.5 1.6 N 7.3 A N 

16 12.4 0.7 5.4 14.5 1.4 2.2 1.6 1.8 A 5.7 A A 

17 9.2 0.4 4.3 -14.7 -1.5 -3.6 1.6 1.2 N 4.7 A W 

18 9.6 0.3 2.9 -10.8 -1.1 -3.4 1.2 0.9 N 3.4 A W 

19 12.1 0.6 5.3 11.8 1.2 1.9 1.3 1.7 A 5.6 A A 

20 10.3 0.3 3.0 -4.6 -0.5 -1.4 0.5 1.0 A 3.5 A A 

21 13.1 1.6 12.5 21.2 2.1 1.4 2.3 4.3 A 12.7 A A 

23 11.3 0.5 4.8 4.6 0.5 0.9 0.5 1.5 A 5.1 A A 

24 9.5 0.5 5.2 -12.2 -1.2 -2.5 1.3 1.4 A 5.5 A A 

26 10.0 0.6 6.0 -7.4 -0.7 -1.3 0.8 1.6 A 6.3 A A 

27 11.5 0.9 7.6 6.4 0.6 0.8 0.7 2.3 A 7.8 A A 

29 9.6 0.5 5.2 -11.1 -1.1 -2.2 1.2 1.4 A 5.5 A A 

30 9.6 0.4 4.3 -11.4 -1.1 -2.7 1.2 1.2 N 4.7 A W 

31 11.7 0.8 6.4 7.9 0.8 1.1 0.9 2.0 A 6.7 A A 

32 9.9 0.6 6.1 -8.3 -0.8 -1.4 0.9 1.6 A 6.3 A A 

33 10.7 1.1 10.5 -1.3 -0.1 -0.1 0.1 2.9 A 10.7 A A 

34 20.6 1.1 5.5 90.5 9.0 8.5 9.8 3.0 N 5.8 A N 

35 10.3 0.9 8.6 -4.6 -0.5 -0.5 0.5 2.4 A 8.8 A A 

36 8.9 0.5 5.0 -17.4 -1.7 -3.8 1.9 1.3 N 5.4 A N 

37 10.3 0.6 5.6 -4.3 -0.4 -0.7 0.5 1.6 A 5.9 A A 

39 10.6 0.5 5.1 -1.9 -0.2 -0.3 0.2 1.5 A 5.4 A A 

40 11.4 0.2 1.8 5.4 0.5 2.0 0.6 0.7 A 2.6 A A 

41 9.8 0.3 3.0 -8.9 -0.9 -2.7 1.0 0.9 N 3.6 A W 

42 11.1 0.4 3.6 2.8 0.3 0.7 0.3 1.2 A 4.1 A A 

43 10.5 0.4 3.3 -2.8 -0.3 -0.7 0.3 1.0 A 3.8 A A 

44 10.9 0.6 5.5 0.9 0.1 0.2 0.1 1.6 A 5.8 A A 

45 9.9 0.8 8.3 -8.4 -0.8 -1.1 0.9 2.2 A 8.5 A A 

46 11.2 0.4 3.4 3.4 0.3 0.9 0.4 1.1 A 3.9 A A 

47 10.4 0.2 1.9 -3.7 -0.4 -1.4 0.4 0.7 A 2.7 A A 

48 11.2 0.7 6.3 3.9 0.4 0.6 0.4 1.9 A 6.6 A A 

49 10.3 0.4 3.9 -4.6 -0.5 -1.1 0.5 1.2 A 4.3 A A 

50 8.0 1.2 15.3 -26.3 -2.6 -2.3 2.8 3.2 A 15.4 N N 

51 10.5 0.6 5.7 -2.8 -0.3 -0.5 0.3 1.6 A 6.0 A A 

52 11.2 1.0 8.6 4.1 0.4 0.5 0.4 2.6 A 8.8 A A 

53 10.6 0.6 5.9 -1.8 -0.2 -0.3 0.2 1.7 A 6.2 A A 

54 9.7 1.8 18.6 -10.2 -1.0 -0.6 1.1 4.7 A 18.6 N W 

55 10.2 0.3 2.9 -5.6 -0.6 -1.7 0.6 0.9 A 3.5 A A 

56 10.2 0.6 5.7 -5.4 -0.5 -0.9 0.6 1.6 A 6.0 A A 

57 12.4 1.7 13.7 14.8 1.5 0.9 1.6 4.4 A 13.8 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 53. Distribution of the scores for Cs-137 in soil (sample 04). 

 

 

 

FIG. 54. Reported results and their uncertainties for Cs-137 in soil (sample 04). 
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TABLE 30. PERFORMANCE EVALUATION OF DETERMINATION OF Cs-137 IN SOIL 

(SAMPLE 04) 

 

Target value: 14.0 ± 0.6 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 15.0 1.5 10.0 7.1 0.7 0.6 1.0 4.2 A 10.9 A A 

2 14.1 1.0 7.1 0.7 0.1 0.1 0.1 3.0 A 8.3 A A 

3 12.9 0.6 4.3 -7.9 -0.8 -1.3 1.1 2.1 A 6.1 A A 

5 14.5 0.9 6.2 3.6 0.4 0.5 0.5 2.8 A 7.5 A A 

6 15.3 0.6 3.9 9.3 0.9 1.5 1.3 2.2 A 5.8 A A 

8 14.7 0.7 4.7 4.7 0.5 0.7 0.7 2.4 A 6.4 A A 

10 14.8 0.8 5.4 5.7 0.6 0.8 0.8 2.6 A 6.9 A A 

11 14.6 0.9 6.0 4.1 0.4 0.5 0.6 2.7 A 7.3 A A 

12 13.5 0.6 4.5 -3.5 -0.4 -0.6 0.5 2.2 A 6.2 A A 

13 16.2 1.1 6.7 16.0 1.6 1.8 2.2 3.2 A 8.0 A A 

14 14.1 0.4 2.8 1.0 0.1 0.2 0.1 1.8 A 5.1 A A 

15 13.5 0.5 3.8 -3.9 -0.4 -0.7 0.5 2.0 A 5.7 A A 

16 14.4 0.3 2.1 2.8 0.3 0.6 0.4 1.7 A 4.8 A A 

17 13.3 0.6 4.5 -5.0 -0.5 -0.8 0.7 2.2 A 6.2 A A 

18 13.0 0.6 4.8 -7.1 -0.7 -1.2 1.0 2.2 A 6.4 A A 

19 14.2 0.5 3.2 1.3 0.1 0.2 0.2 1.9 A 5.3 A A 

20 15.9 0.6 3.8 13.6 1.4 2.2 1.9 2.2 A 5.7 A A 

21 13.4 0.2 1.8 -4.5 -0.5 -1.0 0.6 1.7 A 4.6 A A 

23 13.7 0.6 4.2 -2.1 -0.2 -0.4 0.3 2.1 A 6.0 A A 

24 8.5 0.3 3.0 -39.1 -3.9 -8.4 5.5 1.7 N 5.3 A N 

26 14.4 0.4 2.8 2.9 0.3 0.6 0.4 1.9 A 5.1 A A 

27 13.3 0.3 2.3 -5.0 -0.5 -1.0 0.7 1.7 A 4.8 A A 

29 12.7 0.5 3.9 -9.3 -0.9 -1.7 1.3 2.0 A 5.8 A A 

30 15.2 0.7 4.6 8.6 0.9 1.3 1.2 2.4 A 6.3 A A 

31 13.4 0.5 3.7 -4.3 -0.4 -0.8 0.6 2.0 A 5.7 A A 

32 13.0 0.6 4.6 -7.1 -0.7 -1.2 1.0 2.2 A 6.3 A A 

33 17.1 1.2 7.1 22.0 2.2 2.3 3.1 3.5 A 8.3 A A 

34 16.0 0.5 2.8 14.5 1.5 2.7 2.0 1.9 N 5.1 A W 

35 16.0 0.9 5.6 14.3 1.4 1.8 2.0 2.8 A 7.1 A A 

36 15.1 0.6 4.0 7.8 0.8 1.3 1.1 2.2 A 5.9 A A 

37 14.2 0.9 6.1 1.4 0.1 0.2 0.2 2.7 A 7.4 A A 

39 13.8 0.4 2.9 -1.4 -0.1 -0.3 0.2 1.9 A 5.2 A A 

40 13.7 0.3 2.2 -2.1 -0.2 -0.4 0.3 1.7 A 4.8 A A 

41 15.5 0.4 2.6 10.7 1.1 2.1 1.5 1.9 A 5.0 A A 

42 14.5 0.3 2.1 3.6 0.4 0.7 0.5 1.7 A 4.8 A A 

43 14.2 0.5 3.5 1.4 0.1 0.3 0.2 2.0 A 5.5 A A 

44 14.4 0.7 4.9 2.9 0.3 0.4 0.4 2.4 A 6.5 A A 

45 14.5 0.9 6.3 3.8 0.4 0.5 0.5 2.8 A 7.6 A A 

46 14.0 0.5 3.5 -0.3 0.0 -0.1 0.0 2.0 A 5.5 A A 

47 14.1 0.4 2.8 0.7 0.1 0.1 0.1 1.9 A 5.1 A A 

48 14.6 0.8 5.2 3.9 0.4 0.6 0.6 2.5 A 6.7 A A 

49 13.9 0.5 3.6 -0.7 -0.1 -0.1 0.1 2.0 A 5.6 A A 

50 12.4 0.4 3.2 -11.4 -1.1 -2.2 1.6 1.9 A 5.4 A A 

51 15.2 0.6 3.9 8.6 0.9 1.4 1.2 2.2 A 5.8 A A 

52 14.7 1.1 7.2 5.2 0.5 0.6 0.7 3.1 A 8.3 A A 

53 13.3 0.7 5.3 -4.7 -0.5 -0.7 0.7 2.4 A 6.8 A A 

54 15.3 1.2 7.8 9.3 0.9 1.0 1.3 3.5 A 8.9 A A 

55 15.8 0.5 3.2 12.9 1.3 2.3 1.8 2.0 A 5.3 A A 

56 13.3 0.8 6.3 -5.4 -0.5 -0.7 0.8 2.7 A 7.7 A A 

57 15.7 1.1 7.0 12.1 1.2 1.4 1.7 3.2 A 8.2 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 55. Distribution of the scores for K-40 in soil (sample 04). 

 

 

 

FIG. 56. Reported results and their uncertainties for K-40 in soil (sample 04). 
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TABLE 31. PERFORMANCE EVALUATION OF DETERMINATION OF K-40 IN SOIL 

(SAMPLE 04) 

 

Target value: 485 ± 11 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 573 52 9.1 18.1 1.8 1.7 88.0 137.1 A 9.4 A A 

2 529 53 10.0 9.1 0.9 0.8 44.0 139.7 A 10.3 A A 

3 481 12 2.5 -0.8 -0.1 -0.2 4.0 42.0 A 3.4 A A 

5 510 20 3.9 5.2 0.5 1.1 25.0 58.9 A 4.5 A A 

8 493 25 5.1 1.6 0.2 0.3 8.0 70.5 A 5.6 A A 

10 500 25 5.0 3.1 0.3 0.5 15.0 70.5 A 5.5 A A 

11 496 38 7.7 2.3 0.2 0.3 11.0 102.1 A 8.0 A A 

12 468 44 9.4 -3.5 -0.4 -0.4 17.0 117.0 A 9.7 A A 

13 525 27 5.2 8.2 0.8 1.4 40.0 75.4 A 5.6 A A 

14 460 39 8.5 -5.2 -0.5 -0.6 25.2 105.3 A 8.8 A A 

15 528 13 2.5 8.9 0.9 2.5 43.0 43.9 A 3.3 A A 

16 643 12 1.8 32.6 3.3 9.8 158.0 41.8 N 2.9 A N 

17 516 18 3.4 6.5 0.6 1.5 31.5 53.8 A 4.1 A A 

18 462 14 3.0 -4.7 -0.5 -1.3 23.0 45.7 A 3.8 A A 

19 515 12 2.3 6.1 0.6 1.8 29.5 41.8 A 3.2 A A 

20 521 21 4.0 7.4 0.7 1.5 36.0 61.2 A 4.6 A A 

21 525 6 1.2 8.3 0.8 3.2 40.2 32.9 N 2.6 A W 

23 504 19 3.8 3.9 0.4 0.9 19.0 56.6 A 4.4 A A 

24 287 5 1.9 -40.8 -4.1 -16.2 197.8 31.6 N 2.9 A N 

26 505 20 4.0 4.1 0.4 0.9 20.0 58.9 A 4.6 A A 

27 511 8 1.6 5.4 0.5 1.9 26.4 35.2 A 2.8 A A 

29 487 8 1.7 0.4 0.0 0.1 1.7 35.7 A 2.9 A A 

30 455 34 7.5 -6.3 -0.6 -0.9 30.5 92.0 A 7.8 A A 

31 438 16 3.7 -9.6 -1.0 -2.4 46.8 50.1 A 4.3 A A 

32 544 23 4.2 12.2 1.2 2.3 59.0 65.8 A 4.8 A A 

33 542 31 5.8 11.7 1.2 1.7 56.7 85.9 A 6.2 A A 

34 538 17 3.2 10.9 1.1 2.6 53.0 52.2 N 3.9 A W 

35 610 33 5.4 25.8 2.6 3.6 125.0 89.7 N 5.9 A N 

36 527 16 3.0 8.6 0.9 2.1 41.7 50.1 A 3.8 A A 

37 469 28 6.0 -3.4 -0.3 -0.5 16.3 77.6 A 6.4 A A 

39 466 14 3.0 -3.9 -0.4 -1.1 19.0 45.9 A 3.8 A A 

40 516 11 2.2 6.3 0.6 1.9 30.6 40.9 A 3.2 A A 

41 505 15 3.0 4.1 0.4 1.1 20.0 48.0 A 3.7 A A 

42 490 26 5.3 1.0 0.1 0.2 5.0 72.8 A 5.8 A A 

43 501 13 2.6 3.3 0.3 0.9 16.0 43.9 A 3.4 A A 

44 502 16 3.2 3.5 0.4 0.9 17.0 50.1 A 3.9 A A 

45 604 27 4.5 24.5 2.5 4.1 118.9 75.5 N 5.0 A N 

46 509 14 2.8 5.0 0.5 1.3 24.1 46.4 A 3.6 A A 

47 471 11 2.3 -2.9 -0.3 -0.9 14.0 40.1 A 3.3 A A 

48 478 35 7.3 -1.4 -0.1 -0.2 7.0 94.7 A 7.7 A A 

49 454 26 5.7 -6.4 -0.6 -1.1 31.0 72.8 A 6.2 A A 

50 471 12 2.5 -2.9 -0.3 -0.9 14.0 42.0 A 3.4 A A 

51 513 28 5.5 5.8 0.6 0.9 28.0 77.6 A 5.9 A A 

52 558 29 5.3 15.0 1.5 2.3 72.7 81.1 A 5.7 A A 

53 494 25 5.1 1.9 0.2 0.3 9.0 71.4 A 5.6 A A 

54 539 20 3.7 11.0 1.1 2.4 53.5 58.2 A 4.3 A A 

55 531 21 4.0 9.5 0.9 1.9 46.0 61.2 A 4.6 A A 

56 471 27 5.7 -2.9 -0.3 -0.5 14.0 75.2 A 6.2 A A 

57 537 31 5.8 10.7 1.1 1.6 52.0 84.9 A 6.2 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 57. Distribution of the scores for Ac-228 in soil (sample 04). 

 

 

FIG. 58. Reported results and their uncertainties for Ac-228 in soil (sample 04). 
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TABLE 32. PERFORMANCE EVALAUTION OF DETERMINATION OF Ac-228 IN SOIL 

(SAMPLE 04)  

Target value: 41 ± 2 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 33.0 3.0 9.1 -19.5 -2.0 -2.2 8.0 9.3 A 10.3 A A 

2 35.7 3.6 10.1 -12.9 -1.3 -1.3 5.3 10.6 A 11.2 A A 

3 28.9 1.8 6.2 -29.5 -3.0 -4.5 12.1 6.9 N 7.9 A N 

5 37.0 2.0 5.4 -9.8 -1.0 -1.4 4.0 7.3 A 7.3 A A 

8 36.1 2.2 6.1 -12.0 -1.2 -1.6 4.9 7.7 A 7.8 A A 

11 39.4 2.3 5.8 -3.9 -0.4 -0.5 1.6 7.9 A 7.6 A A 

12 34.0 1.5 4.4 -17.1 -1.7 -2.8 7.0 6.5 N 6.6 A W 

13 39.4 3.0 7.5 -3.9 -0.4 -0.4 1.6 9.2 A 8.9 A A 

14 33.0 1.1 3.3 -19.5 -1.9 -3.5 8.0 5.9 N 5.9 A W 

15 42.4 3.4 8.0 3.4 0.3 0.4 1.4 10.2 A 9.4 A A 

16 36.9 1.2 3.3 -10.0 -1.0 -1.8 4.1 6.1 A 5.9 A A 

17 19.2 1.1 5.7 -53.3 -5.3 -9.6 21.9 5.9 N 7.5 A N 

18 34.0 1.5 4.5 -17.1 -1.7 -2.8 7.0 6.5 N 6.6 A W 

19 40.3 1.7 4.2 -1.6 -0.2 -0.3 0.7 6.8 A 6.5 A A 

20 39.0 1.9 4.9 -4.9 -0.5 -0.7 2.0 7.1 A 6.9 A A 

21 31.8 1.2 3.7 -22.4 -2.2 -4.0 9.2 6.0 N 6.1 A N 

23 36.0 2.0 5.6 -12.2 -1.2 -1.8 5.0 7.4 A 7.5 A A 

24 20.8 1.1 5.4 -49.2 -4.9 -8.8 20.2 5.9 N 7.3 A N 

26 40.0 2.0 5.0 -2.4 -0.2 -0.4 1.0 7.3 A 7.0 A A 

27 33.8 1.2 3.6 -17.6 -1.8 -3.1 7.2 6.0 N 6.0 A W 

29 41.8 1.6 3.8 2.0 0.2 0.3 0.8 6.6 A 6.2 A A 

30 40.9 2.7 6.6 -0.2 0.0 0.0 0.1 8.7 A 8.2 A A 

31 35.3 2.7 7.6 -13.9 -1.4 -1.7 5.7 8.7 A 9.1 A A 

32 32.3 1.2 3.7 -21.2 -2.1 -3.7 8.7 6.0 N 6.1 A N 

33 49.4 4.6 9.3 20.5 2.1 1.7 8.4 12.9 A 10.5 A A 

34 34.9 1.3 3.8 -15.0 -1.5 -2.6 6.2 6.2 A 6.2 A A 

35 37.9 3.2 8.3 -7.6 -0.8 -0.8 3.1 9.6 A 9.6 A A 

36 39.4 2.2 5.5 -3.8 -0.4 -0.5 1.6 7.6 A 7.3 A A 

37 29.7 4.1 13.6 -27.6 -2.8 -2.5 11.3 11.7 A 14.5 A A 

39 36.3 1.1 3.0 -11.5 -1.1 -2.1 4.7 5.9 A 5.7 A A 

40 37.4 1.3 3.5 -8.8 -0.9 -1.5 3.6 6.2 A 6.0 A A 

41 41.0 2.0 4.9 0.0 0.0 0.0 0.0 7.3 A 6.9 A A 

42 38.5 1.5 3.9 -6.1 -0.6 -1.0 2.5 6.5 A 6.2 A A 

43 37.2 0.7 1.9 -9.3 -0.9 -1.8 3.8 5.5 A 5.2 A A 

45 36.6 3.0 8.1 -10.8 -1.1 -1.2 4.4 9.3 A 9.5 A A 

46 37.0 1.9 5.0 -9.7 -1.0 -1.4 4.0 7.1 A 7.0 A A 

47 35.9 1.1 3.1 -12.4 -1.2 -2.2 5.1 5.9 A 5.8 A A 

48 41.6 3.8 9.2 1.5 0.1 0.1 0.6 11.1 A 10.4 A A 

49 37.4 1.4 3.7 -8.8 -0.9 -1.5 3.6 6.3 A 6.1 A A 

50 32.5 1.0 3.1 -20.7 -2.1 -3.8 8.5 5.8 N 5.8 A N 

51 37.6 1.3 3.5 -8.3 -0.8 -1.4 3.4 6.2 A 6.0 A A 

52 40.4 2.7 6.6 -1.4 -0.1 -0.2 0.6 8.6 A 8.2 A A 

53 36.9 2.2 6.0 -9.9 -1.0 -1.4 4.1 7.7 A 7.7 A A 

54 39.1 1.6 4.1 -4.6 -0.5 -0.7 1.9 6.6 A 6.4 A A 

55 38.7 0.8 2.1 -5.6 -0.6 -1.1 2.3 5.6 A 5.3 A A 

56 36.7 2.5 6.8 -10.5 -1.0 -1.3 4.3 8.3 A 8.4 A A 

57 30.6 3.0 9.8 -25.4 -2.5 -2.9 10.4 9.3 N 11.0 A N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 

 

  



75 

 

 

FIG. 59. Distribution of the scores for Pb-212 in soil (sample 04). 

 

 

 

FIG. 60. Reported results and their uncertainties for Pb-212 in soil (sample 04). 
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TABLE 33. PERFORMANCE EVALUATION OF DETERMINATION OF Pb-212 IN SOIL 

(SAMPLE 04)  

Target value: 36.5 ± 1.6 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 30.0 3.5 11.7 -17.8 -1.8 -1.7 6.5 9.9 A 12.5 A A 

2 35.7 3.6 10.1 -2.2 -0.2 -0.2 0.8 10.2 A 11.0 A A 

3 39.2 0.1 0.3 7.4 0.7 1.7 2.7 4.1 A 4.4 A A 

5 37.0 2.0 5.4 1.4 0.1 0.2 0.5 6.6 A 7.0 A A 

8 38.6 1.9 4.9 5.8 0.6 0.8 2.1 6.4 A 6.6 A A 

11 41.6 2.4 5.8 14.0 1.4 1.8 5.1 7.4 A 7.2 A A 

12 33.7 2.4 7.1 -7.7 -0.8 -1.0 2.8 7.4 A 8.4 A A 

14 32.8 0.7 2.1 -10.3 -1.0 -2.2 3.8 4.5 A 4.9 A A 

16 36.3 0.6 1.5 -0.6 -0.1 -0.1 0.2 4.4 A 4.6 A A 

18 30.3 0.8 2.7 -17.0 -1.7 -3.5 6.2 4.6 N 5.1 A W 

19 36.8 0.8 2.3 0.8 0.1 0.2 0.3 4.7 A 4.9 A A 

21 37.0 0.5 1.2 1.4 0.1 0.3 0.5 4.3 A 4.5 A A 

23 34.1 1.3 3.8 -6.6 -0.7 -1.2 2.4 5.3 A 5.8 A A 

29 43.4 4.5 10.4 18.9 1.9 1.4 6.9 12.3 A 11.3 A A 

30 41.5 2.2 5.3 13.7 1.4 1.8 5.0 7.0 A 6.9 A A 

31 35.5 2.7 7.6 -2.7 -0.3 -0.3 1.0 8.1 A 8.8 A A 

33 53.5 3.2 6.0 46.5 4.6 4.7 17.0 9.3 N 7.4 A N 

34 38.2 1.1 2.9 4.7 0.5 0.9 1.7 5.0 A 5.3 A A 

35 42.4 2.4 5.6 16.2 1.6 2.1 5.9 7.4 A 7.1 A A 

37 34.0 2.0 6.0 -7.0 -0.7 -1.0 2.6 6.7 A 7.4 A A 

39 36.4 1.1 3.0 -0.3 0.0 -0.1 0.1 5.0 A 5.3 A A 

41 40.5 2.5 6.2 11.0 1.1 1.3 4.0 7.7 A 7.6 A A 

42 39.0 2.0 5.1 6.8 0.7 1.0 2.5 6.6 A 6.7 A A 

43 39.0 1.4 3.6 6.8 0.7 1.2 2.5 5.5 A 5.7 A A 

45 40.7 2.1 5.1 11.5 1.2 1.6 4.2 6.7 A 6.7 A A 

46 30.2 0.9 2.9 -17.3 -1.7 -3.4 6.3 4.7 N 5.3 A W 

47 36.1 0.5 1.4 -1.1 -0.1 -0.2 0.4 4.3 A 4.6 A A 

49 36.0 1.1 3.1 -1.4 -0.1 -0.3 0.5 5.0 A 5.3 A A 

50 36.2 1.7 4.7 -0.8 -0.1 -0.1 0.3 6.0 A 6.4 A A 

51 40.5 1.7 4.2 11.0 1.1 1.7 4.0 6.0 A 6.1 A A 

53 36.8 2.2 5.9 0.9 0.1 0.1 0.3 7.0 A 7.4 A A 

55 36.6 1.5 4.1 0.3 0.0 0.0 0.1 5.7 A 6.0 A A 

56 38.3 2.2 5.7 4.9 0.5 0.7 1.8 7.0 A 7.2 A A 

57 37.1 2.6 7.0 1.6 0.2 0.2 0.6 7.9 A 8.3 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 61. Distribution of the scores for Tl-208 in soil (sample 04). 

 

 

 

FIG. 62. Reported results and their uncertainties for Tl-208 in soil (sample 04). 
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TABLE 34. PERFORMANCE EVALUATION OF DETERMINATION OF Tl-208 IN SOIL 
(SAMPLE 04)  

Target value: 13.0 ± 0.7 Bq/kg 
MAB:  20 % 
LAP:  20 % 
 
Laboratory 

code 
Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 
trueness 

Precision 
Score for 
Precision 

Final 
score a, Bq/kg u, Bq/kg 

1 29.0 3.1 10.7 123.1 12.3 5.0 16.0 8.2 N 12.0 A N 
2 35.7 3.6 10.1 174.6 17.5 6.2 22.7 9.5 N 11.4 A N 
3 10.2 0.5 5.1 -21.2 -2.1 -3.2 2.8 2.2 N 7.4 A N 
5 13.0 1.0 7.7 0.0 0.0 0.0 0.0 3.1 A 9.4 A A 
8 13.0 0.7 5.6 -0.2 0.0 0.0 0.0 2.6 A 7.7 A A 
11 42.8 2.7 6.3 229.2 22.9 10.7 29.8 7.2 N 8.3 A N 
12 12.2 0.6 5.0 -5.9 -0.6 -0.8 0.8 2.4 A 7.3 A A 
15 11.7 0.3 2.8 -9.8 -1.0 -1.6 1.3 2.0 A 6.1 A A 
16 12.2 0.3 2.6 -5.9 -0.6 -1.0 0.8 2.0 A 6.0 A A 
17 11.2 0.5 4.5 -14.2 -1.4 -2.2 1.9 2.2 A 7.0 A A 
18 11.1 0.5 4.8 -14.6 -1.5 -2.2 1.9 2.3 A 7.2 A A 
19 10.7 0.7 6.6 -17.8 -1.8 -2.3 2.3 2.6 A 8.6 A A 
20 12.9 0.6 4.7 -0.8 -0.1 -0.1 0.1 2.4 A 7.1 A A 
21 37.5 1.7 4.6 188.4 18.8 13.3 24.5 4.8 N 7.1 A N 
23 13.3 0.9 6.8 2.3 0.2 0.3 0.3 2.9 A 8.6 A A 
24 7.1 0.3 3.7 -45.8 -4.6 -8.0 6.0 1.9 N 6.5 A N 
26 14.5 0.5 3.4 11.5 1.2 1.7 1.5 2.2 A 6.4 A A 
27 11.4 0.3 2.6 -12.3 -1.2 -2.1 1.6 2.0 A 6.0 A A 
29 14.0 1.3 9.3 7.7 0.8 0.7 1.0 3.8 A 10.7 A A 
30 11.8 0.6 5.1 -9.2 -0.9 -1.3 1.2 2.4 A 7.4 A A 
31 12.3 1.2 9.8 -5.4 -0.5 -0.5 0.7 3.6 A 11.1 A A 
33 47.8 3.3 7.0 267.7 26.8 10.2 34.8 8.8 N 8.8 A N 
34 33.5 1.2 3.6 157.3 15.7 14.7 20.5 3.6 N 6.5 A N 
35 13.3 0.8 6.1 2.3 0.2 0.3 0.3 2.8 A 8.1 A A 
36 11.6 0.5 4.2 -11.1 -1.1 -1.7 1.4 2.2 A 6.8 A A 
37 50.0 14.0 28.0 284.6 28.5 2.6 37.0 36.2 N 28.5 N N 
39 12.7 0.4 3.1 -2.3 -0.2 -0.4 0.3 2.1 A 6.2 A A 
40 37.3 3.3 8.8 186.9 18.7 7.2 24.3 8.7 N 10.4 A N 
41 12.9 0.4 3.1 -0.8 -0.1 -0.1 0.1 2.1 A 6.2 A A 
42 13.1 1.0 7.6 0.8 0.1 0.1 0.1 3.1 A 9.3 A A 
43 15.2 0.4 2.6 16.9 1.7 2.7 2.2 2.1 N 6.0 A W 
45 12.5 0.9 7.1 -4.0 -0.4 -0.5 0.5 2.9 A 8.9 A A 
46 11.5 0.4 3.8 -11.2 -1.1 -1.8 1.5 2.1 A 6.6 A A 
47 12.3 0.3 2.4 -5.4 -0.5 -0.9 0.7 2.0 A 5.9 A A 
48 12.2 1.2 9.7 -6.2 -0.6 -0.6 0.8 3.5 A 11.1 A A 
49 12.5 0.5 4.0 -3.8 -0.4 -0.6 0.5 2.2 A 6.7 A A 
50 12.1 0.6 5.0 -6.9 -0.7 -1.0 0.9 2.4 A 7.3 A A 
51 34.3 1.5 4.4 163.8 16.4 12.9 21.3 4.3 N 6.9 A N 
52 14.2 2.9 20.7 9.1 0.9 0.4 1.2 7.8 A 21.4 N W 
53 11.9 0.6 5.3 -8.7 -0.9 -1.2 1.1 2.4 A 7.6 A A 
54 39.6 1.9 4.8 204.6 20.5 13.1 26.6 5.2 N 7.2 A N 
55 11.6 0.4 3.4 -10.8 -1.1 -1.7 1.4 2.1 A 6.4 A A 
56 12.0 0.7 6.1 -8.0 -0.8 -1.0 1.0 2.6 A 8.1 A A 
57 11.9 0.9 7.8 -8.5 -0.8 -0.9 1.1 3.0 A 9.5 A A 
a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 63. Distribution of the scores for Pb-214 in soil (sample 04). 

 

 

 

FIG. 64. Reported results and their uncertainties for Pb-214 in soil (sample 04). 
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TABLE 35. PERFORMANCE EVALUATION OF DETERMINATION OF Pb-214 IN SOIL 

(SAMPLE 04) 

 

Target value: 50.0 ± 3.8 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 34.0 3.5 10.3 -32.0 -3.2 -3.1 16.0 13.3 N 12.8 A N 

2 38.9 3.9 10.0 -22.2 -2.2 -2.0 11.1 14.0 A 12.6 A A 

3 26.1 1.0 3.8 -47.8 -4.8 -6.1 23.9 10.1 N 8.5 A N 

5 48.0 3.0 6.3 -4.0 -0.4 -0.4 2.0 12.5 A 9.8 A A 

8 39.9 1.9 4.8 -20.2 -2.0 -2.4 10.1 11.0 A 9.0 A A 

11 50.8 2.7 5.3 1.6 0.2 0.2 0.8 12.0 A 9.3 A A 

12 38.7 1.4 3.6 -22.6 -2.3 -2.8 11.3 10.4 N 8.4 A N 

13 37.9 2.8 7.4 -24.3 -2.4 -2.6 12.1 12.2 A 10.6 A A 

14 32.6 1.1 3.3 -34.9 -3.5 -4.4 17.4 10.2 N 8.3 A N 

15 51.5 2.3 4.5 3.0 0.3 0.3 1.5 11.5 A 8.8 A A 

16 56.9 1.1 1.9 13.8 1.4 1.7 6.9 10.2 A 7.8 A A 

17 35.6 1.2 3.4 -28.9 -2.9 -3.6 14.5 10.3 N 8.3 A N 

18 29.4 0.9 3.0 -41.2 -4.1 -5.3 20.6 10.1 N 8.2 A N 

19 37.1 0.9 2.5 -25.9 -2.6 -3.3 12.9 10.1 N 8.0 A N 

20 46.9 2.8 6.0 -6.2 -0.6 -0.7 3.1 12.2 A 9.7 A A 

21 35.0 0.9 2.4 -30.1 -3.0 -3.9 15.0 10.0 N 8.0 A N 

24 46.3 1.4 3.1 -7.4 -0.7 -0.9 3.7 10.5 A 8.2 A A 

26 52.0 3.0 5.8 4.0 0.4 0.4 2.0 12.5 A 9.5 A A 

27 30.5 1.2 3.9 -39.0 -3.9 -4.9 19.5 10.3 N 8.6 A N 

29 36.9 0.9 2.4 -26.2 -2.6 -3.4 13.1 10.1 N 8.0 A N 

30 49.6 3.0 6.0 -0.8 -0.1 -0.1 0.4 12.5 A 9.7 A A 

31 38.2 2.0 5.2 -23.6 -2.4 -2.7 11.8 11.1 N 9.2 A N 

32 37.0 1.5 4.1 -26.0 -2.6 -3.2 13.0 10.5 N 8.6 A N 

33 60.9 4.1 6.7 21.7 2.2 1.9 10.9 14.4 A 10.2 A A 

34 43.3 1.3 2.9 -13.5 -1.3 -1.7 6.7 10.3 A 8.1 A A 

35 45.6 2.6 5.7 -8.8 -0.9 -1.0 4.4 11.9 A 9.5 A A 

36 39.2 1.8 4.5 -21.5 -2.2 -2.6 10.8 10.8 A 8.8 A A 

37 34.7 2.1 5.9 -30.6 -3.1 -3.5 15.3 11.1 N 9.6 A N 

39 51.9 1.6 3.1 3.8 0.4 0.5 1.9 10.6 A 8.2 A A 

40 36.6 0.7 1.9 -26.8 -2.7 -3.5 13.4 10.0 N 7.8 A N 

41 48.0 2.0 4.2 -4.0 -0.4 -0.5 2.0 11.1 A 8.7 A A 

42 49.1 2.3 4.7 -1.8 -0.2 -0.2 0.9 11.5 A 8.9 A A 

43 39.5 1.0 2.5 -21.0 -2.1 -2.7 10.5 10.1 N 8.0 A N 

45 37.7 2.7 7.1 -24.7 -2.5 -2.7 12.4 12.0 N 10.4 A N 

46 34.0 1.4 4.0 -32.1 -3.2 -4.0 16.0 10.4 N 8.6 A N 

47 47.7 1.1 2.3 -4.6 -0.5 -0.6 2.3 10.2 A 7.9 A A 

48 47.7 4.1 8.6 -4.6 -0.5 -0.4 2.3 14.4 A 11.5 A A 

49 50.2 1.9 3.8 0.4 0.0 0.0 0.2 11.0 A 8.5 A A 

50 38.5 1.9 4.9 -23.0 -2.3 -2.7 11.5 11.0 N 9.1 A N 

51 39.3 1.4 3.6 -21.4 -2.1 -2.6 10.7 10.4 N 8.4 A N 

52 40.3 2.2 5.4 -19.3 -1.9 -2.2 9.7 11.3 A 9.3 A A 

53 48.8 2.6 5.2 -2.5 -0.2 -0.3 1.2 11.8 A 9.2 A A 

54 50.6 2.9 5.7 1.2 0.1 0.1 0.6 12.3 A 9.5 A A 

55 41.4 1.0 2.4 -17.2 -1.7 -2.2 8.6 10.1 A 8.0 A A 

56 37.8 2.3 6.1 -24.4 -2.4 -2.7 12.2 11.5 N 9.7 A N 

57 36.2 2.3 6.4 -27.6 -2.8 -3.1 13.8 11.5 N 9.9 A N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 65. Distribution of the scores for Bi-214 in soil (sample 04). 

 

 

 

FIG. 66. Reported results and their uncertainties for Bi-214 in soil (sample 04). 
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TABLE 36. PERFORMANCE EVALUATION OF DETERMINATION OF Bi-214 IN SOIL 

(SAMPLE 04) 

 

Target value: 50.0 ± 2.8 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 31.0 3.0 9.7 -38.0 -3.8 -4.6 19.0 10.6 N 11.2 A N 

2 38.9 3.9 10.0 -22.2 -2.2 -2.3 11.1 12.4 A 11.5 A A 

3 26.1 1.6 6.1 -47.8 -4.8 -7.4 23.9 8.3 N 8.3 A N 

5 47.0 3.0 6.4 -6.0 -0.6 -0.7 3.0 10.6 A 8.5 A A 

8 37.5 2.1 5.6 -25.0 -2.5 -3.6 12.5 9.0 N 7.9 A N 

11 49.5 2.8 5.7 -1.0 -0.1 -0.1 0.5 10.2 A 8.0 A A 

12 38.7 1.4 3.6 -22.6 -2.3 -3.6 11.3 8.1 N 6.7 A N 

13 33.4 2.5 7.5 -33.2 -3.3 -4.4 16.6 9.7 N 9.3 A N 

14 27.2 1.2 4.3 -45.6 -4.6 -7.5 22.8 7.8 N 7.0 A N 

15 47.1 2.1 4.5 -5.8 -0.6 -0.8 2.9 9.0 A 7.2 A A 

16 61.8 1.5 2.4 23.6 2.4 3.7 11.8 8.2 N 6.1 A N 

17 38.2 1.2 3.1 -23.6 -2.4 -3.9 11.8 7.9 N 6.4 A N 

18 27.8 1.2 4.2 -44.4 -4.4 -7.3 22.2 7.8 N 7.0 A N 

19 34.7 1.0 2.8 -30.6 -3.1 -5.2 15.3 7.6 N 6.3 A N 

20 47.0 2.8 6.0 -6.0 -0.6 -0.8 3.0 10.2 A 8.2 A A 

21 28.8 1.2 4.0 -42.4 -4.2 -7.0 21.2 7.8 N 6.9 A N 

24 20.3 0.6 3.2 -59.4 -5.9 -10.3 29.7 7.4 N 6.4 A N 

26 53.0 3.0 5.7 6.0 0.6 0.7 3.0 10.6 A 8.0 A A 

27 30.6 0.7 2.3 -38.8 -3.9 -6.7 19.4 7.4 N 6.0 A N 

29 38.0 2.1 5.5 -24.0 -2.4 -3.4 12.0 9.0 N 7.9 A N 

30 45.3 2.4 5.3 -9.4 -0.9 -1.3 4.7 9.5 A 7.7 A A 

31 36.4 2.8 7.7 -27.2 -2.7 -3.4 13.6 10.2 N 9.5 A N 

32 31.5 1.2 3.8 -37.0 -3.7 -6.1 18.5 7.9 N 6.8 A N 

33 48.0 4.5 9.3 -4.0 -0.4 -0.4 2.0 13.6 A 10.8 A A 

34 37.3 1.0 2.8 -25.3 -2.5 -4.2 12.7 7.7 N 6.3 A N 

35 39.3 2.2 5.7 -21.4 -2.1 -3.0 10.7 9.3 N 8.0 A N 

36 34.1 1.6 4.6 -31.8 -3.2 -5.0 15.9 8.3 N 7.2 A N 

37 27.5 2.2 8.0 -44.9 -4.5 -6.3 22.5 9.2 N 9.8 A N 

39 52.1 1.6 3.1 4.2 0.4 0.7 2.1 8.3 A 6.4 A A 

40 37.0 1.0 2.7 -26.0 -2.6 -4.4 13.0 7.7 N 6.2 A N 

41 47.0 2.0 4.3 -6.0 -0.6 -0.9 3.0 8.9 A 7.0 A A 

42 49.1 2.3 4.7 -1.8 -0.2 -0.2 0.9 9.3 A 7.3 A A 

43 36.8 0.8 2.2 -26.4 -2.6 -4.5 13.2 7.5 N 6.0 A N 

45 31.7 2.0 6.3 -36.7 -3.7 -5.3 18.3 8.9 N 8.4 A N 

46 29.7 1.1 3.8 -40.6 -4.1 -6.7 20.3 7.8 N 6.8 A N 

47 46.7 1.0 2.1 -6.6 -0.7 -1.1 3.3 7.7 A 6.0 A A 

48 43.5 3.7 8.5 -13.0 -1.3 -1.4 6.5 12.0 A 10.2 A A 

49 47.3 1.8 3.8 -5.4 -0.5 -0.8 2.7 8.6 A 6.8 A A 

50 42.3 1.1 2.6 -15.4 -1.5 -2.6 7.7 7.8 A 6.2 A A 

51 37.8 1.5 4.0 -24.4 -2.4 -3.8 12.2 8.2 N 6.9 A N 

52 39.3 2.2 5.6 -21.4 -2.1 -3.0 10.7 9.2 N 7.9 A N 

53 48.7 3.3 6.7 -2.6 -0.3 -0.3 1.3 11.1 A 8.8 A A 

54 51.3 2.7 5.3 2.6 0.3 0.3 1.3 10.0 A 7.7 A A 

55 36.2 0.8 2.2 -27.6 -2.8 -4.7 13.8 7.5 N 6.0 A N 

56 34.0 2.1 6.2 -32.0 -3.2 -4.6 16.0 9.0 N 8.3 A N 

57 34.2 1.9 5.6 -31.6 -3.2 -4.7 15.8 8.7 N 7.9 A N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 67. Distribution of the scores for Pb-210 in soil (sample 04). 

 

 

 

FIG. 68. Reported results and their uncertainties for Pb-210 in soil (sample 04). 
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TABLE 37. PERFORMANCE EVALUATION OF DETERMINATION OF Pb-210 IN SOIL 

(SAMPLE 04)  

Target value: 42.6 ± 2.2 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

3 50.0 5.0 10.0 17.4 1.7 1.4 7.4 14.1 A 11.3 A A 

4 39.0 6.0 15.4 -8.5 -0.8 -0.6 3.6 16.5 A 16.2 A A 

6 43.6 3.1 7.1 2.3 0.2 0.3 1.0 9.8 A 8.8 A A 

9 164.5 45.1 27.4 286.2 28.6 2.7 121.9 116.5 N 27.9 N N 

14 30.0 10.0 33.3 -29.6 -3.0 -1.2 12.6 26.4 A 33.7 N N 

15 37.0 8.0 21.6 -13.1 -1.3 -0.7 5.6 21.4 A 22.2 N W 

16 45.1 6.8 15.0 5.8 0.6 0.3 2.5 18.4 A 15.9 A A 

17 53.7 2.2 4.0 26.1 2.6 3.6 11.1 7.9 N 6.5 A N 

20 41.1 2.0 4.9 -3.5 -0.4 -0.5 1.5 7.7 A 7.1 A A 

25 52.6 4.2 8.0 23.5 2.3 2.1 10.0 12.2 A 9.5 A A 

26 46.1 6.5 14.1 8.2 0.8 0.5 3.5 17.7 A 15.0 A A 

27 34.2 5.1 14.9 -19.7 -2.0 -1.5 8.4 14.3 A 15.8 A A 

29 56.2 1.8 3.2 31.9 3.2 4.8 13.6 7.3 N 6.1 A N 

30 27.5 1.8 6.5 -35.4 -3.5 -5.3 15.1 7.3 N 8.3 A N 

31 44.4 4.1 9.3 4.2 0.4 0.4 1.8 12.1 A 10.7 A A 

35 40.8 6.0 14.7 -4.2 -0.4 -0.3 1.8 16.5 A 15.6 A A 

36 38.0 3.0 7.9 -10.8 -1.1 -1.2 4.6 9.6 A 9.4 A A 

38 45.0 4.9 10.9 5.6 0.6 0.4 2.4 13.9 A 12.1 A A 

41 53.6 19.0 35.4 25.7 2.6 0.6 11.0 49.2 A 35.8 N N 

43 49.9 1.6 3.3 17.0 1.7 2.7 7.3 7.1 N 6.1 A W 

45 41.3 3.7 9.0 -3.1 -0.3 -0.3 1.3 11.1 A 10.3 A A 

46 44.0 11.0 25.0 3.3 0.3 0.1 1.4 28.9 A 25.5 N W 

48 41.3 2.5 6.1 -3.1 -0.3 -0.4 1.3 8.6 A 8.0 A A 

49 56.0 3.6 6.4 31.4 3.1 3.2 13.4 10.8 N 8.2 A N 

50 36.3 2.9 8.0 -14.8 -1.5 -1.7 6.3 9.4 A 9.5 A A 

52 35.4 3.4 9.6 -17.0 -1.7 -1.8 7.2 10.4 A 10.9 A A 

53 49.5 8.3 16.8 16.2 1.6 0.8 6.9 22.2 A 17.5 A A 

55 38.0 5.0 13.2 -10.8 -1.1 -0.8 4.6 14.1 A 14.1 A A 

56 23.4 3.1 13.2 -45.1 -4.5 -5.1 19.2 9.8 N 14.2 A N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 69. Distribution of the scores for U-235 in soil (sample 04). 

 

 

 

FIG. 70. Reported results and their uncertainties for U-235 in soil (sample 04). 
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TABLE 38. PERFORMANCE EVALUATION OF DETERMINATION OF U-235 IN SOIL 

(SAMPLE 04) 

 

Target value: 1.24 ± 0.02 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

2 0.81 0.06 7.4 -34.7 -3.5 -6.8 0.4 0.2 N 7.6 A N 

3 0.81 0.24 29.6 -34.7 -3.5 -1.8 0.4 0.6 A 29.7 N N 

8 0.88 0.06 6.8 -29.0 -2.9 -5.7 0.4 0.2 N 7.0 A N 

12 1.14 0.25 21.9 -8.1 -0.8 -0.4 0.1 0.6 A 22.0 N W 

13 6.80 0.61 9.0 448.4 44.8 9.1 5.6 1.6 N 9.1 A N 

14 4.18 0.36 8.6 237.1 23.7 8.2 2.9 0.9 N 8.8 A N 

15 1.01 0.27 26.7 -18.5 -1.9 -0.8 0.2 0.7 A 26.8 N W 

19 0.98 0.08 8.2 -21.0 -2.1 -3.2 0.3 0.2 N 8.3 A N 

23 1.00 0.10 10.0 -19.4 -1.9 -2.4 0.2 0.3 A 10.1 A A 

29 0.80 0.10 12.5 -35.5 -3.5 -4.3 0.4 0.3 N 12.6 A N 

30 0.65 0.08 12.3 -47.6 -4.8 -7.2 0.6 0.2 N 12.4 A N 

36 0.80 0.11 13.8 -35.5 -3.5 -3.9 0.4 0.3 N 13.8 A N 

41 1.26 0.19 15.1 1.6 0.2 0.1 0.0 0.5 A 15.2 A A 

43 1.00 0.20 20.0 -19.4 -1.9 -1.2 0.2 0.5 A 20.1 N W 

47 0.79 0.11 14.2 -36.0 -3.6 -3.9 0.4 0.3 N 14.3 A N 

48 0.58 0.08 13.8 -53.2 -5.3 -8.0 0.7 0.2 N 13.9 A N 

50 1.48 0.36 24.3 19.4 1.9 0.7 0.2 0.9 A 24.4 N W 

53 1.65 0.86 52.1 33.1 3.3 0.5 0.4 2.2 A 52.1 N N 

56 0.82 0.13 15.9 -33.9 -3.4 -3.2 0.4 0.3 N 15.9 A N 

57 1.10 0.20 18.2 -11.3 -1.1 -0.7 0.1 0.5 A 18.3 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 71. Distribution of the scores for U-234 in soil (sample 04). 

 

 

 

FIG. 72. Reported results and their uncertainties for U-234 in soil (sample 04). 
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TABLE 39. PERFORMANCE EVALUATION OF DETERMINATION OF U-234 IN SOIL 

(SAMPLE 04)  

Target value: 26.4 ± 2.0Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

2 17.3 1.4 8.1 -34.5 -3.4 -3.7 9.1 6.3 N 11.1 A N 

3 15.8 1.1 7.0 -40.2 -4.0 -4.6 10.6 5.9 N 10.3 A N 

8 18.5 1.3 7.0 -29.9 -3.0 -3.3 7.9 6.2 N 10.3 A N 

12 22.2 1.3 5.9 -15.9 -1.6 -1.8 4.2 6.2 A 9.6 A A 

13 22.2 4.9 21.9 -15.8 -1.6 -0.8 4.2 13.6 A 23.1 N W 

15 22.6 2.5 11.1 -14.4 -1.4 -1.2 3.8 8.3 A 13.4 A A 

16 29.7 0.2 0.7 12.7 1.3 1.7 3.3 5.2 A 7.6 A A 

17 19.5 2.5 12.9 -26.3 -2.6 -2.2 7.0 8.3 A 14.9 A A 

19 18.8 0.5 2.7 -28.8 -2.9 -3.7 7.6 5.3 N 8.0 A N 

21 25.9 4.2 16.2 -1.9 -0.2 -0.1 0.5 12.0 A 17.9 A A 

23 21.9 0.8 3.7 -17.0 -1.7 -2.1 4.5 5.6 A 8.4 A A 

29 18.8 1.2 6.4 -28.8 -2.9 -3.3 7.6 6.0 N 9.9 A N 

30 42.2 5.1 12.0 60.0 6.0 2.9 15.8 14.1 N 14.2 A N 

35 22.9 4.9 21.5 -13.3 -1.3 -0.7 3.5 13.7 A 22.8 N W 

36 7.7 0.2 2.3 -70.7 -7.1 -9.3 18.7 5.2 N 7.9 A N 

42 25.4 2.5 9.8 -3.8 -0.4 -0.3 1.0 8.3 A 12.4 A A 

43 18.7 0.9 4.8 -29.2 -2.9 -3.5 7.7 5.7 N 9.0 A N 

46 13.6 0.5 3.8 -48.5 -4.8 -6.2 12.8 5.3 N 8.5 A N 

47 21.5 0.7 3.3 -18.6 -1.9 -2.3 4.9 5.5 A 8.2 A A 

48 15.8 0.4 2.5 -40.2 -4.0 -5.2 10.6 5.3 N 8.0 A N 

56 19.6 0.7 3.5 -25.7 -2.6 -3.2 6.8 5.5 N 8.3 A N 

57 20.2 1.0 5.0 -23.5 -2.3 -2.8 6.2 5.8 N 9.0 A N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 73. Distribution of the scores for U-238 in soil (sample 04). 

 

 

 

FIG. 74. Reported results and their uncertainties for U-238 in soil (sample 04). 
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TABLE 40. PERFORMANCE EVALUATION OF DETERMINATION OF U-238 IN SOIL 

(SAMPLE 04)  

Target value: 27.0 ± 1.4 Bq/kg 

MAB:  20 % 

LAP:  20 % 
 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 25.0 5.0 20.0 -7.4 -0.7 -0.4 2.0 13.4 A 20.7 N W 

2 17.7 1.1 6.2 -34.4 -3.4 -5.2 9.3 4.6 N 8.1 A N 

3 15.4 1.1 7.1 -43.0 -4.3 -6.5 11.6 4.6 N 8.8 A N 

5 30.0 3.0 10.0 11.1 1.1 0.9 3.0 8.5 A 11.3 A A 

8 19.3 1.1 5.7 -28.5 -2.9 -4.3 7.7 4.6 N 7.7 A N 

12 23.4 1.4 6.0 -13.3 -1.3 -1.8 3.6 5.1 A 7.9 A A 

13 30.6 5.8 18.9 13.3 1.3 0.6 3.6 15.4 A 19.6 A A 

15 26.9 2.9 10.8 -0.4 0.0 0.0 0.1 8.3 A 12.0 A A 

16 36.5 0.3 0.8 35.1 3.5 6.6 9.5 3.7 N 5.2 A N 

17 18.4 5.5 29.9 -31.9 -3.2 -1.5 8.6 14.6 A 30.3 N N 

19 19.4 0.5 2.7 -28.1 -2.8 -5.1 7.6 3.9 N 5.8 A N 

20 31.1 3.1 10.0 15.2 1.5 1.2 4.1 8.8 A 11.2 A A 

21 26.8 4.4 16.4 -0.7 -0.1 0.0 0.2 11.9 A 17.2 A A 

23 22.1 0.9 4.1 -18.1 -1.8 -2.9 4.9 4.3 N 6.6 A W 

29 18.4 1.2 6.5 -31.9 -3.2 -4.7 8.6 4.8 N 8.3 A N 

30 15.0 1.8 12.0 -44.6 -4.5 -5.3 12.0 5.9 N 13.1 A N 

34 25.2 5.8 22.9 -6.9 -0.7 -0.3 1.9 15.3 A 23.5 N W 

35 21.8 4.7 21.5 -19.3 -1.9 -1.1 5.2 12.6 A 22.1 N W 

36 7.0 0.3 4.9 -74.1 -7.4 -13.9 20.0 3.7 N 7.1 A N 

39 24.6 2.9 11.8 -8.9 -0.9 -0.7 2.4 8.3 A 12.9 A A 

41 29.0 3.0 10.3 7.4 0.7 0.6 2.0 8.5 A 11.6 A A 

42 27.4 1.9 6.9 1.5 0.1 0.2 0.4 6.1 A 8.7 A A 

43 19.7 1.0 5.1 -27.0 -2.7 -4.2 7.3 4.4 N 7.3 A N 

46 13.6 0.5 3.8 -49.6 -5.0 -9.0 13.4 3.9 N 6.4 A N 

47 22.0 0.7 3.0 -18.5 -1.9 -3.2 5.0 4.0 N 6.0 A W 

48 17.1 0.5 2.9 -36.7 -3.7 -6.7 9.9 3.8 N 6.0 A N 

50 31.8 4.7 14.8 17.8 1.8 1.0 4.8 12.7 A 15.7 A A 

51 31.8 5.6 17.6 17.8 1.8 0.8 4.8 14.9 A 18.4 A A 

53 27.1 2.8 10.3 0.4 0.0 0.0 0.1 8.0 A 11.5 A A 

56 19.9 0.7 3.4 -26.4 -2.6 -4.6 7.1 4.0 N 6.2 A N 

57 20.3 1.0 4.9 -24.8 -2.5 -3.9 6.7 4.4 N 7.2 A N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 75. Distribution of the scores for Ra-226 in soil (sample 04). 

 

 

 

FIG. 76. Reported results and their uncertainties for Ra-226 in soil (sample 04). 
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TABLE 41. PERFORMANCE EVALUATION OF DETERMINATION OF Ra-226 IN SOIL 

(SAMPLE 04) 

 

Target value: 50.2 ± 2.0 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

1 47.0 7.0 14.9 -6.4 -0.6 -0.4 3.2 18.8 A 15.4 A A 

2 38.9 3.9 10.0 -22.5 -2.3 -2.6 11.3 11.3 A 10.8 A A 

3 26.1 1.0 3.7 -48.0 -4.8 -10.8 24.1 5.7 N 5.4 A N 

5 50.0 5.0 10.0 -0.4 0.0 0.0 0.2 13.9 A 10.8 A A 

8 50.7 4.6 9.1 1.0 0.1 0.1 0.5 12.9 A 9.9 A A 

10 40.0 2.0 5.0 -20.3 -2.0 -3.6 10.2 7.3 N 6.4 A N 

11 52.2 2.8 5.4 4.0 0.4 0.6 2.0 8.9 A 6.7 A A 

12 47.4 3.6 7.6 -5.6 -0.6 -0.7 2.8 10.6 A 8.6 A A 

13 35.9 2.7 7.4 -28.4 -2.8 -4.3 14.3 8.6 N 8.4 A N 

15 49.3 3.1 6.3 -1.8 -0.2 -0.2 0.9 9.5 A 7.4 A A 

16 15.1 0.1 0.5 -70.0 -7.0 -17.6 35.1 5.2 N 4.0 A N 

17 44.7 13.5 30.2 -11.0 -1.1 -0.4 5.5 35.2 A 30.5 N W 

18 74.2 8.3 11.2 47.8 4.8 2.8 24.0 22.1 N 11.9 A N 

19 37.1 0.9 2.5 -26.2 -2.6 -5.9 13.1 5.7 N 4.7 A N 

20 51.0 6.1 12.0 1.6 0.2 0.1 0.8 16.6 A 12.6 A A 

24 51.3 4.2 8.1 2.1 0.2 0.2 1.1 11.9 A 9.0 A A 

29 40.6 2.6 6.4 -19.1 -1.9 -2.9 9.6 8.5 N 7.5 A W 

30 47.1 1.3 2.8 -6.2 -0.6 -1.3 3.1 6.2 A 4.8 A A 

31 34.7 1.5 4.3 -30.9 -3.1 -6.2 15.5 6.5 N 5.9 A N 

32 99.0 16.0 16.2 97.2 9.7 3.0 48.8 41.6 N 16.6 A N 

34 39.1 1.0 2.5 -22.1 -2.2 -5.0 11.1 5.7 N 4.7 A N 

35 62.8 5.1 8.1 25.1 2.5 2.3 12.6 14.0 A 9.0 A A 

36 16.9 1.2 7.2 -66.4 -6.6 -14.2 33.3 6.0 N 8.3 A N 

37 34.9 8.0 22.9 -30.6 -3.1 -1.9 15.3 21.3 A 23.3 N N 

39 52.7 3.5 6.6 5.0 0.5 0.6 2.5 10.4 A 7.7 A A 

40 38.2 1.5 3.9 -23.9 -2.4 -4.8 12.0 6.5 N 5.6 A N 

41 50.0 4.0 8.0 -0.4 0.0 0.0 0.2 11.5 A 8.9 A A 

42 49.1 2.3 4.7 -2.2 -0.2 -0.4 1.1 7.9 A 6.1 A A 

43 57.0 3.0 5.3 13.5 1.4 1.9 6.8 9.3 A 6.6 A A 

44 53.0 4.0 7.5 5.6 0.6 0.6 2.8 11.5 A 8.5 A A 

46 86.7 6.0 7.0 72.7 7.3 5.7 36.5 16.4 N 8.0 A N 

48 45.4 1.8 4.0 -9.6 -1.0 -1.8 4.8 6.9 A 5.6 A A 

49 47.6 4.3 9.0 -5.2 -0.5 -0.5 2.6 12.2 A 9.9 A A 

50 41.3 3.9 9.4 -17.7 -1.8 -2.0 8.9 11.3 A 10.2 A A 

51 38.9 1.0 2.6 -22.5 -2.3 -5.1 11.3 5.8 N 4.7 A N 

52 69.9 6.5 9.3 39.2 3.9 2.9 19.7 17.6 N 10.2 A N 

53 48.3 4.5 9.4 -3.8 -0.4 -0.4 1.9 12.8 A 10.2 A A 

54 51.0 2.8 5.5 1.6 0.2 0.2 0.8 8.9 A 6.8 A A 

55 65.0 6.0 9.2 29.5 2.9 2.3 14.8 16.3 A 10.1 A A 

56 63.2 5.7 9.0 25.9 2.6 2.2 13.0 15.6 A 9.9 A A 

57 48.2 2.5 5.2 -4.0 -0.4 -0.6 2.0 8.3 A 6.5 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 77. Distribution of the scores for Po-210 in soil (sample 04). 

 

 

 

FIG. 78. Reported results and their uncertainties for Po-210 in soil (sample 04). 
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TABLE 42. PERFORMANCE EVALUATION OF DETERMINATION OF Po-210 IN SOIL 

(SAMPLE 04)  

Target value: 42.6 ± 2.2 Bq/kg 

MAB:  20 % 

LAP:  20 % 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

3 40.7 1.6 3.9 -4.5 -0.4 -0.7 1.9 7.0 A 6.5 A A 

12 28.7 3.7 12.9 -32.6 -3.3 -3.2 13.9 11.1 N 13.9 A N 

13 39.3 4.3 11.1 -7.8 -0.8 -0.7 3.3 12.6 A 12.2 A A 

15 41.3 3.1 7.5 -3.1 -0.3 -0.3 1.3 9.8 A 9.1 A A 

16 40.4 0.2 0.6 -5.2 -0.5 -1.0 2.2 5.7 A 5.2 A A 

19 43.8 1.3 2.9 2.8 0.3 0.5 1.2 6.5 A 5.9 A A 

23 37.0 1.5 4.1 -13.1 -1.3 -2.1 5.6 6.9 A 6.6 A A 

29 39.7 2.0 5.0 -6.8 -0.7 -1.0 2.9 7.7 A 7.2 A A 

34 33.6 1.7 4.9 -21.1 -2.1 -3.3 9.0 7.1 N 7.1 A N 

40 60.7 2.3 3.8 42.5 4.2 5.7 18.1 8.2 N 6.4 A N 

42 39.1 2.5 6.4 -8.2 -0.8 -1.1 3.5 8.6 A 8.2 A A 

43 59.0 4.0 6.8 38.5 3.8 3.6 16.4 11.8 N 8.5 A N 

45 32.9 1.7 5.1 -22.8 -2.3 -3.5 9.7 7.1 N 7.2 A N 

46 29.0 0.8 2.8 -31.9 -3.2 -5.8 13.6 6.1 N 5.9 A N 

49 44.6 3.5 7.8 4.7 0.5 0.5 2.0 10.7 A 9.4 A A 

50 40.5 3.8 9.4 -4.9 -0.5 -0.5 2.1 11.3 A 10.7 A A 

57 38.7 1.9 4.9 -9.2 -0.9 -1.3 3.9 7.5 A 7.1 A A 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 79. Reported results and their uncertainties for Sr-90 in soil (sample 04). 

 

 

TABLE 43. PERFORMANCE EVALUATION OF DETERMINATION OF Sr-90 IN SOIL 
(SAMPLE 04) 
 
Information value: 2.4 ± 0.5 Bq/kg 
 
Laboratory 

code 
Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 
trueness 

Precision 
Score for 
Precision 

Final 
score a, Bq/kg u, Bq/kg 

2 33.6 5 14.88 1300 130.00 6.21 31.20 12.97  26.63   
3 2.6 0.08 2.86 12.08 1.21 0.54 0.29 1.38  22.27   
8 2.2 0.43 18.78 -4.58 -0.46 -0.16 0.11 1.76  28.99   
10 1.7 0.3 17.65 -29.17 -2.92 -1.15 0.70 1.57  28.27   
12 8.1 1.7 20.99 237.50 23.75 3.20 5.70 4.59  30.47   
15 2.1 0.15 7.14 -12.50 -1.25 -0.54 0.30 1.42  23.21   
19 3.8 0.19 4.97 59.17 5.92 2.52 1.42 1.45  22.64   
21 7.0 1.94 27.64 192.50 19.25 2.30 4.62 5.19  35.37   
29 <0.5            
32 45.0 19 42.22 1775 177.50 2.24 42.60 49.04  47.65   
42 2.6 0.3 11.54 8.33 0.83 0.33 0.20 1.57  24.92   
45 2.9 0.62 20.95 23.33 2.33 0.69 0.56 2.10  30.44   
46 1.3 0.1 7.63 -45.42 -4.54 -2.02 1.09 1.39  23.37   
48 4.8 0.48 9.90 102.08 10.21 3.43 2.45 1.84  24.20   
50 4.2 0.5 11.74 77.50 7.75 2.55 1.86 1.88  25.01   
51 2.5 0.2 7.87 5.83 0.58 0.25 0.14 1.46  23.45   
52 3.2 0.6 19.63 34.54 3.45 1.00 0.83 2.13  29.55   
53 4.1 0.6 13.90 70.83 7.08 2.18 1.70 2.01  26.10   
56 3.5 0.5 14.29 45.83 4.58 1.51 1.10 1.88  26.30   
57 2.5 0.23 9.20 4.17 0.42 0.17 0.10 1.49  23.92   
a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 80. Reported results and their uncertainties for Am-241 in soil (sample 04). 

 

 

TABLE 44. PERFORMANCE EVALUATION OF DETERMINATION OF Am-241 IN 

SOIL (SAMPLE 04) 

 

Information value: 0.21 ± 0.08 Bq/kg 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

8 174.00 11.00 6.3 82757 8275.7 15.8 173.8 28.4  38.6   

12 0.29 0.30 103.4 38.1 3.8 0.3 0.1 0.8  110.2   

13 2.08 0.66 31.7 890.5 89.0 2.8 1.9 1.7  49.6   

15 0.11 0.01 9.1 -47.6 -4.8 -1.2 0.1 0.2  39.2   

17 37.39 4.92 13.2 17704 1770.5 7.6 37.2 12.7  40.3   

19 0.13 0.02 17.7 -38.1 -3.8 -1.0 0.1 0.2  42.0   

24 0.21            

29 1.00 0.60 60.0 376.2 37.6 1.3 0.8 1.6  71.1   

30 7.60 0.50 6.6 3519.0 351.9 14.6 7.4 1.3  38.7   

36 0.27 0.12 44.4 28.6 2.9 0.4 0.1 0.4  58.5   

39 0.54 0.06 11.1 157.1 15.7 3.3 0.3 0.3  39.7   

42 0.21 0.04 19.0 0.0 0.0 0.0 0.0 0.2  42.6   

45 0.18 0.01 7.7 -13.3 -1.3 -0.3 0.0 0.2  38.9   

50 0.18 0.01 7.9 -15.2 -1.5 -0.4 0.0 0.2  38.9   

57 0.16 0.01 6.1 -23.8 -2.4 -0.6 0.1 0.2  38.6   

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 81. Reported results and their uncertainties for Pu-238 in soil (sample 04). 

 

 

TABLE 45. PERFORMANCE EVALUATION OF DETERMINATION OF Pu-238 IN SOIL 

(SAMPLE 04) 

 

Information value: 0.050 ± 0.014 Bq/kg 

 
Laboratory 

code 

Reported values Unca 

[%] 
Bias [%] Z-Score U-Score A1 A2 

Score for 

trueness 
Precision 

Score for 

Precision 

Final 

score a, Bq/kg u, Bq/kg 

2 0.020 0.005 25.0 -60.0 -6.0 -2.0 0.0 0.0 A 37.5 N N 

3 0.034 0.010 29.4 -32.0 -3.2 -0.9 0.0 0.0 A 40.6 N N 

8 33.000 4.000 12.1 65900 6590.0 8.2 33.0 10.3 N 30.5 N N 

13 13.810 6.330 45.8 27520 2752.0 2.2 13.8 16.3 A 53.7 N N 

15 0.032 0.009 28.1 -36.0 -3.6 -1.1 0.0 0.0 A 39.7 N N 

17 68.110  0.0 136120 13612 4861.4 68.1 0.0 N 28.0 N N 

19 0.170 0.020 11.8 240.0 24.0 4.9 0.1 0.1 N 30.4 N N 

21 0.030  0.0 -40.0 -4.0 -1.4 0.0 0.0 A 28.0 N N 

23 0.025 0.010 40.0 -50.0 -5.0 -1.5 0.0 0.0 A 48.8 N N 

29 <0.2            

30 24.370 3.660 15.0 48640 4864.0 6.6 24.3 9.4 N 31.8 N N 

32 1.200 0.200 16.7 2300.0 230.0 5.7 1.2 0.5 N 32.6 N N 

36 15.110 2.080 13.8 30120 3012.0 7.2 15.1 5.4 N 31.2 N N 

45 0.038 0.005 13.6 -24.8 -2.5 -0.8 0.0 0.0 A 31.1 N N 

46 0.073 0.011 15.1 46.0 4.6 1.3 0.0 0.0 A 31.8 N N 

49 0.060 0.010 16.7 20.0 2.0 0.6 0.0 0.0 A 32.6 N N 

50 0.091 0.019 20.9 82.0 8.2 1.7 0.0 0.1 A 34.9 N N 

56 <0.12            

57 0.028 0.004 14.3 -44.2 -4.4 -1.5 0.0 0.0 A 31.5 N N 

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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FIG. 82. Reported results and their uncertainties for Pu-239+240 in soil (sample 04). 

 

 

TABLE 46. PERFORMANCE EVALUATION OF DETERMINATION OF Pu-239+240 IN 

SOIL (SAMPLE 04) 

 

Information value: 0.261 ± 0.055 Bq/kg 
 

Laboratory 
code 

Reported values Unc
a 

[%] 

Bias [%] Z-Score U-Score A1 A2 
Score for 
trueness 

Precision 
Score for 
Precision 

Final 
score 

a, 

Bq/kg 

u, Bq/kg 

2 0.240 0.040 16.7 -8.0 -0.8 -0.3 0.0 0.2  26.9   

3 0.225 0.022 9.8 -13.8 -1.4 -0.6 0.0 0.2  23.2   

8 238.00 10.0 4.2 91087 9108.8 23.8 237.7 25.8  21.5   

12 0.450 0.160 35.6 72.4 7.2 1.1 0.2 0.4  41.3   

13 129.0 55.4 42.9 49359 4936.0 2.3 128.8 143.0  47.8   

15 0.190 0.030 15.8 -27.2 -2.7 -1.1 0.1 0.2  26.3   

16 0.426 0.034 8.0 63.2 6.3 2.6 0.2 0.2  22.5   

17 8.270  0.0 3068.6 306.9 145.6 8.0 0.1  21.1   

19 0.320 0.020 6.3 22.6 2.3 1.0 0.1 0.2  22.0   

21 0.310 0.050 16.1 18.8 1.9 0.7 0.0 0.2  26.5   

23 0.190 0.020 10.5 -27.2 -2.7 -1.2 0.1 0.2  23.6   

29 0.400 0.100 25.0 53.3 5.3 1.2 0.1 0.3  32.7   

30 41.440 6.220 15.0 15777 1577.7 6.6 41.2 16.0  25.9   

32 0.800 0.200 25.0 206.5 20.7 2.6 0.5 0.5  32.7   

36 3.720 1.080 29.0 1325.3 132.5 3.2 3.5 2.8  35.9   

42 0.260 0.040 15.4 -0.4 0.0 0.0 0.0 0.2  26.1   

45 0.244 0.016 6.6 -6.5 -0.7 -0.3 0.0 0.1  22.1   

46 0.279 0.031 11.1 6.9 0.7 0.3 0.0 0.2  23.8   

47 0.243 0.015 6.2 -6.9 -0.7 -0.3 0.0 0.1  22.0   

49 0.220 0.020 9.1 -15.7 -1.6 -0.7 0.0 0.2  23.0   

50 0.269 0.025 9.3 3.1 0.3 0.1 0.0 0.2  23.0   

56 <0.27            

57 0.218 0.012 5.5 -16.5 -1.6 -0.8 0.0 0.1  21.8   

a  Relative uncertainty of the reported result at k = 1 coverage factor 
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APPENDIX II.  

INTERNAL ENERGY LEVELS DIAGRAMS. 

 

 

FIG. 83. The internal energy levels diagram of Co-60 (Ni-60).  

 

FIG. 84. The internal energy levels diagram of Ba-133 (Cs-133).  
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FIG. 85. The internal energy levels diagram of Cs-134 (Ba-134).  
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FIG. 86. The internal energy levels diagram of Eu-152 (Sm-152) for electron capture.  
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FIG. 87. The internal energy levels diagram of Eu-152 (Gd-152) for beta decay.  
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APPENDIX III.  

LIST OF PARTICIPATING LABORATORIES
1
. 

1
Only those laboratories which reported their results were listed in the list of participating laboratories. 

 

 

Laboratory code: 01 

Department of Electrical and Computer Engineering,  

Nuclear Technology Laboratory, 

Aristotle University of Thessaloniki, 

Egnatia Street, 

54124 Thessaloniki, 

Greece 

 

Laboratory code: 02 

DTU Nutech, 

Technical University of Denmark, 

Risø Campus, 

Frederiksborgvej 399 ,                

4000 Roskilde, 

Denmark 

 

Laboratory code: 03 

Radiactividad Ambiental y Vigilancia Radiologica,  

CIEMAT,  

Edificio 70. Planta 2. D-11,  

Avenida de la Complutense 40,  

Madrid 28040, 

Spain 

 

Laboratory code: 05 

Radioactivity Measurements Laboratory Department,  

Executive Environment Agency, 

Ministry of Environment and Water,  

136 Tzar Boris III Blvd,              

P.O. Box 251,               

1618 Sofia, 

Bulgaria 
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Laboratory code: 06 

Centro de Proteccion e Higiene de las Radiaciones,  

Calle 20 No.4113, e/ 41 y 47, Playa,            

P.O. Box 6195,                        

C.P. 10600 La Havana, 11300, 

Cuba 

 

Laboratory code: 08 

Environment and Emergency Division,  

IRSN,  

Bat. 501, 

Bois des Rames,  

91400 Orsay,  

France 

 

Laboratory code: 09 

USE/PSS, CNESTEN,  

National Center for Nuclear Energy Sciences and Techniques,  

CNESTEN BP-1382 RP. 10001,                            

10106 Rabat Agdal, 

Morocco 

 

Laboratory code: 10 

Radiation Safety Department,  

Environmental Board,  

Kopli 76,  

10416 Tallinn, 

Estonia  

 

Laboratory code: 11 

Monitoring and Emergency Response Section,  

Australian Radiation Protection and Nuclear Safety Agency,  

619 Lower Plenty Road,  

Yallambie, Victoria 3085,  

Australia 
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Laboratory code: 12 

Environmental Laboratory,  

National Radiation Laboratory,  

108 Victoria Street,                    

P.O. Box 25099,              

Christchurch, 

New Zealand 

 

Laboratory code: 13 

Life Science Division,  

Atomic Energy Authority,  

60/460, Baseline Road,  

Orugodawatte,  

Wellampitiya,  

Sri Lanka 

 

Laboratory code: 14 

Division de la Radioprotection,  

Ministere de la Sante,  

Villa Louvigny,            

Allee Marconi,  

L-2120 Luxembourg,  

Luxembourg 

 

Laboratory code: 15 

Health and Safety Department,  

Institute for Energy Technology,  

Instituttveien 18,                     

P.O. Box 40,                     

N-2027 Kjeller,  

Norway 

 

Laboratory code: 16 

Nuclear Research and Development Group,  

Thailand Institute of Nuclear Technology (TINT),  

9/9 Saimoon Ongkharak,                

Nakorn Nayok 26120, 

Thailand 
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Laboratory code: 17 

Jordan Atomic Energy Commission,  

Amman - Marj Alfaras,  

P.O Box  70 Amman 11934,  

Jordan 

 

Laboratory code: 18 

Environmental Laboratory, 

SNN-NPP Cernavoda,  

Strada Medgidiei 1,               

C.P. 42,                        

905200 Cernavoda,                 

Jud. Constanta, 

Romania 

 

Laboratory code: 19 

Dpt. Ingenieria Nuclear y Mecanica de Fluidos,  

Escuela Tecnica Superior de Ingenieria, 

Alameda de Urquijo, s/n,                   

E-48013 Bilbao, 

Spain 

 

Laboratory code: 20 

Regional Laboratory – Montana,  

Executive Environment Agency – Sofia,  

Ministry of Environment and Water,  

Julius Irasek Str.4,                  

Sofia, 

Bulgaria 

 

Laboratory code: 21 

Environmental Survey Laboratory, 

Madras Atomic Power Station, 

Atomic Energy Township,  

Sadras West, 

Kalpakkam, 

Tamilnadu, 

Pincode – 603102,  

India 
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Laboratory code: 23 

Unidade de Proteccao e Seguranca Radiologica,  

Instituto Tecnologico e Nuclear,  

E.N.10, Apartado 21,                 

2686-953 Sacavem, 

Portugal 

 

Laboratory code: 24 

Departamento de Vigilancia Radiológica Ambiental,  

Comisión Nacional de Seguridad Nuclear y Salvaguardias,  

Dr. José María Barragán # 779,  

Col. Narvarte,  

Del. Benito Juárez, México D. F.,  

C. P. 03020 Mexico City, 

Mexico 

 

Laboratory code: 26 

Faculty of Fuels and Energy,  

AGH - University of Science and Technology,  

Al. Mickiewicza 30,                       

30059 Krakow, 

Poland 

 

Laboratory code: 27 

Comisión Naciónal de Energia Atómica,         

Laboratorio Metrología de Radioisótopos,  

Centro Atómico Ezeiza – CNEA,  

Presbitero Juan Gonzalez Y Aragon 15,  

CP B1802AYA Partido de Ezeiza,                         

Provincia de Buenos Aires, 

Argentina 
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Laboratory code: 29 

ANSTO Institute for Environmental Research,  

Building 34, New Illawarra Rd,  

Lucas Heights,  

Locked Bag 2001 Kirrawee DC NSW 2232,                             

Menai N.S.W., 

Australia 

 

Laboratory code: 30 

Research Department of Radiation Metrology,  

Belarussian State Institute of Metrology,  

93, Starovilensky trakt ,                       

220053 Minsk, 

Belarus 

 

Laboratory code: 31 

Department of Life and Environmental Sciences,  

Horia Hulubei National Institute of Physics and Nuclear Engineering - IFIN HH,  

Str. Reactorului no.30, P.O.BOX MG-6,                   

76900 Bucharest – Magurele,  

Romania 

 

Laboratory code: 32 

Serviço de Análises Ambientais,  

Instituto de Radioproteção e Dosimetria,  

Avenida Salvador Allende s/no,  

CEP 22780-160 Recreio dos Bandeirantes,  

Rio de Janeiro – RJ, 

Brazil 

 

Laboratory code: 33 

Safety and Health Division, Environmental Section,  

Center for Technology of Radiation Safety and Metrology,                       

National Nuclear Energy Agency,  

Jl, Lebak Bulus Raya No.49,                    

Jakarta 12440,  

Indonesia 
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Laboratory code: 34 

Contaminación Ambiental (Radiometría), 

Centro de Estudios Ambientales de Cienfuegos, 

Carretera a Castillo de Jagua Km 1.5 Apartado Postal #5,  

Código Postal 59350,  

Ciudad Nuclear,           

Cienfuegos, 

Cuba 

 

Laboratory code: 35 

LGC Ltd,  

Queens Road,  

Teddington,  

Middlesex,  

TW11 0LY,  

United Kingdom of Great Britain and Northern Ireland 

 

Laboratory code: 36 

DREM-Radioanalysis laboratory,  

National Center for Nuclear Sciences and Technologies(CNSTN),  

Street: Technopole Sidi Thabet,  

P.O. Box: 204 Post Code: 2020,  

Ariana,  

1080 Tunis CEDEX 2,  

Tunisia 

 

Laboratory code: 37 

Environmental Compliance and Laboratory Services,  

Canadian Nuclear Safety Commission,  

3484 Limebank Road,  

Ottawa, Ontario, 

K1V 1E1,  

Canada 
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Laboratory code: 39 

Department for Low and Medium Energy Physics F-2,  

Jozef Stefan Institute,  

Jamova cesta 39,  

1000 Ljubljana,  

Slovenia 

 

Laboratory code: 40 

Environmental Assessment Division,  

Bhabha Atomic Research Centre, 

BB-46,                    

Radioanalytical Laboratory, Barc Hospital Complex, Anushaktinagar,                        

Mumbai-400094,  

India 

 

Laboratory code: 41 

Regional Laboratory Burgas, 

Environmental Executive Agency,  

67, Perushtitza Street, 

P.O.BOX 675,  

8001 Burgas,  

Bulgaria 

 

Laboratory code: 42 

Radioanalytical Reference Laboratory,  

National Food-chain Safety Office,  

Food and Feed Safety Directorate,  

Fogoly u. 13-15,  

1182 Budapest, 

Hungary 

 

Laboratory code: 43 

Low Level Radioactivity Measurements (LRM),  

Studiecentrum voor Kernenergie (SCK-CEN),  

Boeretang 200,            

2400 Mol,  

Belgium 
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Laboratory code: 44 

Departamento de Metrología de Radionúclidos,  

Centro de Isótopos,  

Avenida Monumental y Carretera la Rada Km. 3 y ½,                  

Guanabacoa,                            

La Habana,  

Cuba 

 

Laboratory code: 45 

Radiological and Chemical Sciences,  

Cefas - Centre for Environment, Fisheries & Aquaculture Science,  

Pakefield Road,               

Lowestoft,                   

Suffolk, NR33 0HT,  

United Kingdom of Great Britain and Northern Ireland 

 

Laboratory code: 46 

Health Physics Division,  

Bhabha Atomic Research Centre,  

Environmental Survey Laboratory, 

TAPS Colony, 

TAPP (P.O), Via Boisar, 

Thane, 

Maharashtra, 

Pincode: 401 504,  

India 

 

Laboratory code: 47 

Environmental Radioactivity Assessment Department,  

Korea Institute of Nuclear Safety,  

62 Gwahak-Ro Yuseong-Gu,                  

Daejeon, 305-600, 

Republic of Korea 
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Laboratory code: 48 

Radioactivity Measurement and Analysis Unit,  

Turkish Atomic Energy Authority,  

Saraykoy Nuclear Research and Training Center,  

Saray M. Atom C. No.27,                     

Kazan 06980 Ankara,  

Turkey 

 

Laboratory code: 49 

Integrated Laboratory of Radioactivity Monitoring and Measurements,  

ENEA-Italian National Agency for New Technologies, Energy and Sustainable Economic 

Development, 

Radiation Protection Institute,  

Strada per Crescentino, 41,  

13040 Saluggia (VC),  

Italy 

 

Laboratory code: 50 

Environmental Laboratories, 

Radioprotection Institute,  

Research Centre Casaccia,  

ENEA,  

via Anguillarese 301,  

000123 S.Maria di Galeria,  

Rome,  

Italy 

 

Laboratory code: 51 

ZVD Institute of Occupational Safety,  

Laboratory for Measurement of Specific Activities of Radionuclides,  

Chengdujska cesta 25,  

1260 Ljubljana-Polje,  

Slovenia 
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Laboratory code: 52 

Sogin Caorso laboratories,  

via Enrico Fermi 5/A,  

29012 Frazione Zerbio Caorso,  

Piacenza, 

Italy 

 

Laboratory code: 53 

Laboratory of Radioactivity Monitoring and Measurement,  

ENEA - Institute of Radiation Protection,  

C.R. ENEA Trisaia,  

Strada Statale Jonica 106, Km 419,500,  

75026 - Rotondella (Matera),  

Italy 

 

Laboratory code: 54 

Swedish Radiation Safety Authority,  

Solna strandv.122,  

171 54 Stockholm,  

Sweden  

 

Laboratory code: 55 

Radiation Protection Centre,  

Kalvariju 153,                       

08221 Vilnius,  

Lithuania 

 

Laboratory code: 56 

Laboratorio Ambientale, 

Centrale Electtronucleare di Trino, 

SO.G.I.N Laboratories,  

Strade Statale 31 Bis, 

13039 Trino,  

Vercelli, 

Italy 
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Laboratory code: 57 

Japan Chemical Analysis Center,  

295-3, Sanno-Cho, Inage-Ku,  

Chiba-Shi, Chiba 263-0002,  

Japan 
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