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ABSTRACT 

In the frame of the Mutual Recognition Arrangement of the International Committee for 
Weights and Measures, the Consultative Committee for Ionizing Radiation Section II - 
Measurement of Radionuclides – proposed to the National Metrology Institutes of Member 
States signatories of the Metre Convention, to participate in an interlaboratory comparison 
exercise on the determination of gamma emitting radionuclides in soil, grass and water. The 
exercise was piloted by the Reference Materials Group at the IAEA’s Laboratories in 
Seibersdorf (Austria).  

The exercise is classed as a supplementary comparison, with reference CCRI(II)-S4 and the 
present report will be referenced in the Bureau International des Poids et Mesures (BIPM) key 
comparison database (KCDB). 

Five National Metrology Institutes took part in the present interlaboratory comparison 
exercise; the Czech Metrology Institute, the National Centre of Metrology, Bulgaria, National 
Institute of Standards and Technology, USA, the National Physical Laboratory, UK, and 
Physikalisch-Technische Bundesanstalt, Germany. In addition, two expert laboratories 
participated in this comparison; the Japan Chemical Analysis Centre, Japan, and the IAEA 
Chemistry Unit of the Physics, Chemistry and Instrumentation Laboratory in Seibersdorf, 
Austria. 

This comparison was aimed at: 

• supporting calibration and measurement capability (CMC) claims of National 
Metrological Institutes for radionuclide measurements in different matrices (grass, soil 
and water) and, 

• to assign the certified reference value of the  372 grass Certified Reference Material. 

This report presents the samples preparation methodology, participants’ results and data 
comparison approach.  

Appendix I contains the analytical results sorted according to the analyte with the Mixture 
Models Median (MM-median) graphs.  

Appendix II reports tables of results evaluation, including uncertainty budgets sorted by 
institute.  

Appendix III contains the documentation used in this comparison.  

The comparison study materials were prepared and distributed to the participating laboratories 
in June 2006. The deadline for receiving the results from the participants was set at 15 
September 2006. The participating laboratories were requested to analyse the samples 
employing the methods used in their routine work.  
 
The comparison results have demonstrated that in the case of 40K, 54Mn, 60Co, 65Zn, 134Cs, 
137Cs and 241Am the participating institutes could produce reliable and comparable analytical 
results of the highest metrological traceability within ± 10% for soil, water and grass samples. 
However, 109Cd was the most problematic nuclide.  
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It was found that there is a need for corrective action to improve the methodology of 
correction for matrix effect in the case of this nuclide in a mineral matrix, where a complex 
interference is present.  
 
The analytical uncertainties associated with the results were, in general, appropriate for the 
analytes and matrices considered in the current comparison. 
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1. INTRODUCTION 

The Reference Materials Group at the IAEA’s Laboratories in Seibersdorf (Austria) has the 
programmatic responsibility to provide assistance to Member State laboratories in 
maintaining and improving the reliability of analytical measurement results, both in trace 
element and radionuclide determinations. This is accomplished through the provision of 
reference materials of terrestrial origin, validated analytical procedures, training in the 
implementation of internal quality control, and through the evaluation of measurement 
performance by organization of worldwide and regional interlaboratory comparison exercises. 
These exercises are designed to monitor and demonstrate the performance and analytical 
capabilities of the Member State laboratories, and to identify gaps and problem areas where 
further development is needed. 

The IAEA is a signatory of the Mutual Recognition Arrangement (CIPM, 1999), which was 
drawn up by the International Committee for Weights and Measures (CIPM), under the 
authority given to it in the Metre Convention. The objectives of the CIPM Mutual 
Recognition Arrangement are to establish the degree of equivalence of national measurement 
standards maintained by National Metrology Institutes (NMIs), to provide for the mutual 
recognition of calibration and measurement certificates issued by the NMIs, and to provide 
governments and other parties with a secure technical foundation for wider agreements related 
to international trade, commerce and regulatory affairs. The CIPM Mutual Recognition 
Arrangement is technically underpinned by international comparisons of measurements, 
known as key comparisons, by supplementary comparisons and by demonstration of 
operational quality and competence by the respective institutions through their quality system. 
Although the CIPM Mutual Recognition Arrangement is not prescriptive in the standard to be 
followed regarding the quality system mentioned above, the standard usually followed is the 
ISO/IEC 17025 standard, General requirements for the competence of testing and calibration 
laboratories [1]. In this framework, the IAEA has observer status in the Section II - 
Measurement of Radionuclides – of the Consultative Committee for Ionizing Radiation 
(CCRI), established under the CIPM. 

In the framework of the CIPM Mutual Recognition Arrangement, the Consultative Committee 
for Ionizing Radiation Section II - Measurement of Radionuclides – proposed that the 
National Metrology Institutes, of Member States signatories of the Metre Convention, 
participate in an interlaboratory comparison exercise on the determination of gamma emitting 
radionuclides in soil, grass and water. The exercise was piloted by the Reference Materials 
Group at the IAEA’s Laboratories in Seibersdorf (Austria).  

The study is classed as a supplementary comparison, with reference CCRI(II)-S4 and the 
present report will be referenced in the Bureau International des Poids et Mesures (BIPM) key 
comparison database (KCDB). 
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2. MATERIALS AND METHODS 

2.1. The objectives of the comparison  

This comparison was aiming at (i) gathering information on the current state of practice for 
gamma emitting radionuclides measurements at different activity levels in environmental 
samples in supporting of calibration and measurement capability (CMC) claims of National 
Metrological Institutes for radionuclide measurements in different matrices (grass, soil and 
water) and (ii) to assign the certified reference values of the grass candidate reference material  
372. 
 
2.2. Participants 

Five National Metrology Institutes took part in the CCRI (II)-S4 supplementary comparison 
exercise; the Czech Metrology Institute, the National Centre of Metrology, Bulgaria, National 
Institute of Standards and Technology, USA, the National Physical Laboratory, UK, and 
Physikalisch-Technische Bundesanstalt, Germany. In addition to two expert laboratories; the 
Japan Chemical Analysis Centre, Japan, and the IAEA Chemistry Unit of the Physics, 
Chemistry and Instrumentation Laboratory in Seibersdorf, Austria. 

The above mentioned seven laboratories reported their results to the IAEA; the list of 
participants is given in Table 1. 
 

2.3. Composition and preparation of the comparison materials 

In this study, three samples were available for analysis: spiked water, spiked soil and natural 
grass. 
The following comparison design was applied:  
• one spiked soil sample (200g) 
• one natural grass sample (100 g)  
• one spiked water sample (500 ml) 

 

2.3.1.  Preparation of the spiked soil sample 01 

A soil from China was used to prepare a spiked mineral matrix with gamma emitting 
radionuclides. 

Before using the soil for spiking, it was milled and sieved to collect the appropriate fraction at 
mesh size less than 0.2 mm, and then homogenised. 

The matrix of Chinese soil was characterised and a number of samples were pre-screened for 
radionuclides prior to spiking. The results have shown that the material is free from man-
made radionuclides, except for 137Cs, which was present at 2.6±0.2 Bq kg-1 based on dry 
mass. (Ref. date: 2006-01-01) and 210Pb at 48±1.5 Bq kg-1 dry mass. The moisture content 
found to be 2.3±0.2 %. 

The preparation of the spiked soil sample was performed according to a validated procedure 
[2]. 
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2.3.2.  Preparation of the natural grass sample 02 

The sample 02 is a natural grass which was obtained from the “Vladimirovka” collective 
farm, Polesskoe, Kiev, Ukraine in summer 1990. The material was air dried and milled to give 
a grain size less than 0.3 mm. Then 75 kg of the bulk material was recombined and 
homogenized at the Hungarian Agricultural Authority, Food and Feed Safety Directorate, 
Central Radioanalytical Laboratory, Budapest, Hungary, by mixing the powder in a 300 L 
drum for 24 hours and then dispensed into plastic bottles sealed with polyethylene caps in 100 
g units  

The homogeneity was tested by analysing 10 samples at 10 replicates each at 5 g sample 
intake. Single way ANOVA [3] ISO Guide 35 was used to estimate the uncertainty originated 
from the between-bottles heterogeneity and was found to be 0.21 % at sample intake 5 g. 

The homogeneity test results provided experimental evidence that satisfactory level of within 
and between bottles homogeneity has been attained. 

2.3.3.  Preparation of the spiked water sample 03 

Demineralised tap water outsourced from Seibersdorf was used to prepare this sample. The 
water was screened using high resolution gamma spectrometry for artificial nuclides and 
210Pb, and it was found that all nuclides were below the detection limit and far below the 
spiked values. The water sample was gravimetrically prepared in one batch. A portion of 300 
kg of acidified demineralised water was spiked with a mixture of certified single radionuclide 
solutions traceable to a national standard of radioactivity. Table 4 lists the manufacturers of 
these standard solutions.  A pump with multiple outlets was used to homogenise the bulk 
water sample in a tank of 600 L. 
 
2.4. Reference time 

The reference time for all activity concentrations is 1 June 2006. 

 

 

Fig. 1 and 2 show the comparison materials sets. 
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Code Institute name Country Regional metrological 
organization 

CMI Dr. Pavel Dryak 
Czech Metrology Institute 

Czech 
Republic EUROMET 

IAEA Dr. Marek Makarewicz Austria International Laboratory 

JCAC Dr. Kiyoshi Kitamura 
Japan Chemical Analysis Centre Japan Expert Laboratory 

NCM 
Dr. Juliana Mincheva 
Section of Ionizing Radiation  
National Centre of Metrology  

Bulgaria EUROMET 

NIST 
Dr. Kenneth Inn 
National Institute of Standards and 
Technology 

United States SIM 

NPL Dr. Simon M. Jerome 
National Physical Laboratory 

United 
Kingdom EUROMET 

PTB 
Dr. Dirk Arnold 
Environmental Radioactivity 
Physikalisch-Technische 
Bundesanstalt 

Germany EUROMET 

Table 1: Details of the participants in the CCRI (II)-S4 supplementary comparison 
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Spiked 
activity per 

sample 

Uncertainty of 
the spike 

Uncertainty 
associated with 
heterogeneity 

Uncertainty 
associated with dry 
mass determination 

Uncertainty 
associated with 

sample mass 

Reference 
value 

Combined 
uncertainty Radio-

nuclide 

Bq/sample % % % % Bq kg-1 dry mass 

54Mn 9.37 0.34 2.00 0.2 0.035 48.0 0.98 

60Co 11.07 0.77 2.30 0.2 0.035 56.1 1.37 

65Zn 15.15 1.04 3.10 0.2 0.035 77.6 2.54 

109Cd 34.63 0.53 4.70 0.2 0.035 177.6 8.40 

134Cs 12.52 0.78 2.80 0.2 0.035 64.2 1.87 

137Cs 10.28 0.99 1.80 0.2 0.035 52.6 1.08 

210Pb 50.66 3.42 3.40 0.2 0.035 259.5 12.53 

241Am 18.84 0.63 2.80 0.2 0.035 96.6 2.78 

The combined uncertainty is expressed as 1σ (k=1) 

Table 2: The nominal values and the associated combined uncertainty of the soil sample 01 
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Nominal value based on MM-median Combined uncertainty S(MM-median) 
Radionuclide 

Bq kg-1 dry mass 

40K 1060 56 

137Cs 11310 360 

Table 3: The nominal values and the associated combined uncertainty of the grass sample 02 
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Analyte Nominal value  
Bq kg1

Combined 
uncertainty  

Bq kg-1

Traceability to the 
National standard 

of 

Identification. of the certified solutions used for 
spiking water and soil samples 

54Mn 4.890 0.017 U. K. Amersham: MFZ64; NO S3/28/12 

60Co 5.80 0.04 France Cerca-Lea Framatome: CO60-ELSB50; NO 72452 

65Zn 7.270 0.075 France Cerca-Lea Framatome: ZN65-ELSB50; NO 7020 

109Cd 19.62 0.10 U. K. Amersham: CUZ64;NO S3/36/23 

134Cs 13.03 0.10 France Cerca-Lea Framatome: CS134-ELSB50; NO 70823 

137Cs 16.72 0.08 U. K. Amersham: CDZ64; NO S4/14/70 

210Pb 9.55 0.15 U. K. AEA Technology RBZB44; NO KE 800 

241Am 3.660 0.023 France Cerca-Lea Framatome: AM241-ELSB30; NO 5104 

Table 4: The nominal values and the associated combined uncertainty of the water sample 03. 

The reference date is 1 June 2006, the combined uncertainty is expressed as 1σ (k=1) 



 

3. DATA EVALUATION 

3.1. Nominal values and associated uncertainties 

For soil sample 01 and water sample 03 the nominal activity concentration for each 
radionuclide was calculated from the certified activity values assigned to each radionuclide, 
taking into account the successive dilution steps, the mass of spiking mixture and the amount 
of water being spiked as determined from weighing. The combined standard uncertainty 
includes two major components: uncertainty of the certified solution and weighing 
uncertainty.  
 

Tables 2 and 4 lists the nominal values and the associated combined standard uncertainty in 
soil sample 01 and water sample 03 and the identification of certified solutions used in this 
study. 

For deriving the nominal values of the analytes of the  IAEA-372 candidate reference grass 
material a robust statistical approach Mixture Models Median (MM-median) described by 
David L. Duewer [4] was chosen. This approach allows estimating the reference value in a 
robust way even when some of the results are not in agreement with the majority. Thus this 
approach is robust to outliers and in the same time accounts for the reported uncertainty of 
each result. 

 The MM-median is a direct analogue of the median. It is the location which divides the MM-
PDF into two sections of equal area. 

In practice, the MM-median is interpolated from the cumulative area of the MM-PDF  

To estimate the dispersion of the analytical results the MM-median based Standard Deviation 
S(MM-median) was calculated from the span of the central 50% of the MM-PDF density [4].  

Table 3 shows the reference values and the associated combined uncertainty in the grass 
sample 02. 

3.2. Evaluation criteria 

3.2.1.  Spread evaluation 

To evaluate the spread of the reported results the S(MM-median) was estimated using a 
spread sheet provided by David L. Duewer. Appendix A contains the probability density 
function graphical presentation sorted by analyte and the calculated MM-median. 
 
3.2.2.  Ratio evaluation 

The ratio of the reported results against the MM-median and spiked value was calculated and 
presented in tables 7-24. 

Table 5 contains the summary of the relative bias and standard uncertainty ranges for soil, 
grass and water samples. 
 

 

13 



 

4. RESULTS AND DISCUSSION 

4.1. General 

The participants’ data along with the statistical evaluation were compiled and presented in 
two tables which constitute an integral part of this report. Appendix A shows a summary 
evaluation for each analyte. Data evaluation tables sorted by Institute are reported in 
Appendix B. 

All participants used gamma spectrometry method for the determination of the gamma 
emitting radionuclides in this interlaboratory comparison exercise. 

The data evaluation showed that the results of 40K, 54Mn, 60Co, 65Zn, 134Cs, 137Cs, and 241Am 
fall within a range of ± 10% relative bias with respect to the Mixture Model median (MM-
median) and with respect to the spike value. As expected, the relative bias range in water 
sample was smaller than in soil sample.  

While 109Cd results in soil and water fall within a range of -23 to 62% and -23 to 10% 
respectively as relative bias with respect to the Mixture Model median (MM-median). 

The main reason for such a big spread in 109Cd results could be attributed to the unresolved 
interference around the region of the 88 keV in a densely populated X-ray region which is 
difficult to resolve. The 109Cd was the most problematic nuclide. 

210Pb was also a problematic nuclide, where results showed a relatively high bias up to 25% 
and 15% in soil and water respectively. It is suggested that the major sources of bias in 210Pb 
results could be attributed to the self attenuation factor.  

Table 5 lists a summary of the calculated relative bias ranges for the three samples. 

4.2. Uncertainty 

The participants have followed the international guides for expression of uncertainties [5, 6] 
and/or combined ‘all sources’ of uncertainty. Some participating laboratories gave detailed 
formulas and uncertainty data. The reported uncertainty for the same nuclide had a wide span 
and varied from one institute to another up to 5 folds. The highest uncertainty was reported 
for 109Cd and 210Pb. 
 
Table 5 shows the reported uncertainty ranges. 
 
4.3. Efficiency calibration and applied corrections 

Table 6 contains the summary of the reported technical information. From this table it can be 
found that 3 laboratories calibrated their system using multi gamma standard source; 3 
laboratories calibrated their system using selective standard nuclides and only 1 laboratory 
used computational approach. 
 
Regarding the applied corrections, all laboratories reported information about the applied 
corrections such as: density, self absorption, geometry etc. Corrections for moisture content 
and decay were considered as standard corrections.  
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* = Based on MM-median value 

** = Based on spike value 

Table 5: Summary of the relative bias and uncertainty ranges. 

 

 

MM-
median 

S(MM-
median) 

Range of 
Uncertainty 

Range of 
Relative 

bias* 

Spike 
value 

Range of 
Relative 
bias** 

 

Analyte 

Bq kg-1 Bq kg-1 % % Bq kg-

1 % 

54Mn 50.20 2.10 1.2�5.2 -4.0�2.6 48.0 0.4�7.3 

60Co 58.30 1.90 1.0�5.2 -3.6�2.4 56.1 0.2�6.4 

65Zn 78.00 4.00 1.1�6.1 -6.8�3.7 77.6 -6.3�4.3 

109Cd 192.00 35.00 1.4�24.8 -28.7�50 177.6 -22.9�61.6 

134Cs 67.80 4.00 1.0�6.0 -7.4�4.4 64.2 -2.1�10.3 

137Cs 55.00 1.90 1.2�5.0 -4.0�2.4 52.6 0.5�6.1 

210Pb 253.00 30.00 2.9�10.3 -23�13.1 259.5 -25.2�10.3 

So
il 

241Am 96.60 7.10 1.3�7.5 -10.9�7.3 96.6 -10.9�7.3 

54Mn 4.93 0.19 1.4�5.9 -2.4�7.3 4.89 -1.6�8.2 

60Co 5.87 0.16 2.4�5.7 -2.4�1.4 5.80 -1.2�2.6 

65Zn 7.18 0.47 4.0�6.8 -11.9�5.0 7.27 -13.0�3.7 

109Cd 20.10 2.50 5.6�14.1 -39�8.5 19.62 -23.0�10.1 

134Cs 13.20 0.53 1.6�5.2 -3.9�4.6 13.03 -2.7�5.9 

137Cs 17.29 0.66 1.1�4.9 -4.6�3.9 16.72 -1.3�7.4 

210Pb 9.86 1.01 4.2�15.3 -5.7�11.6 9.55 -2.6�15.2 

W
at

er
 

241Am 3.63 0.16 2.5�8.1 -3.6�2.5 3.66 -4.4�1.6 

40K 1060 56 1.3�6.7 -5.5�6.2 - - 

G
ra

ss
  

137Cs 11310 360 0.88�5.6 -2.3�2.5 - - 
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Lab. code Reported 
results 

Method 
Validation Accreditation Detector 

Energy 
Efficiency 
calibration Applied corrections 

NCM 18 no no 5-2000keV Multinuclide 
standard 

Random summing corrections, decay 
corrections; mass attenuation correction 

CMI 18 no no 30-3000 keV Mathematical 
approach 

True summing for 60Co and 134Cs, decay 
correction, mathematical model for the 
absorption and geometry corrections 

JCAC 14 yes yes 40-2000 keV Multinuclide 
standard Self attenuation and coincidence summing 

PTB 18 yes no 40-2800 keV Selective standard 
nuclide 

Self-attenuation and coincidence-summing 
using the Monte Carlo program GESPECOR 

NPL 16 no yes 59-1836 keV Selective standard 
nuclide 

Density corrections were made by measuring 
the absorption of gamma rays emitted by a 
point 152Eu source. 

IAEA 18 yes no 
10-800 keV 
& 60-2000 

keV 
Multinuclide 

standard 
Correction for atomic composition and density, 
moisture content, and decay. 

NIST 
Decay corrections and correction for sample 
contribution to over spike for matrix/geometry 
calibrations. 

Table 6: Summary of the reported technical information. 

18 no no 20-2000 kev Selective standard 
nuclide 



 

5.  CONCLUSIONS 

  
The CCRI(II)-S4 Supplementary Comparison on the Determination of Gamma 
Emitting Radionuclides was successfully completed.  

All analytes have been measured with gamma spectrometry using three different 
calibration methods (multi-nuclides, selective nuclides and mathematical approach). 
This comparison confirms that reliable and comparable measurements of highest 
metrological traceability can be achieved for 40K, 54Mn, 60Co, 65Zn, 134Cs, 137Cs, and 
241Am in three different matrices. 

As it is known the main purpose of any Interlaboratory Comparison is to assess 
measurement capabilities and to find out if there is any problem to improve the 
analytical performance. Within this context, this comparison shows the need for 
correction action to improve the methodology of correction for matrix effect in the 
case of 109Cd in a mineral matrix, where a complex interference is present.  
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APPENDIX I.  DATA EVALUATION OF THE ANALYTICAL RESULTS 
SORTED BY ANALYTE  

 

Object Analyte Page number 

Figure 3, Table 7 54Mn in spiked soil 21 

Figure 4, Table 8 60Co in spiked soil 22 

Figure 5, Table 9 65Zn in spiked soil 23 

Figure 6, Table 10 109Cd in spiked soil 24 

Figure 7, Table 11 134Cs in spiked soil 25 

Figure 8, Table 12 137Cs in spiked soil 26 

Figure 9, Table 13 210Pb in spiked soil 27 

Figure 10, Table 14 241Am in spiked soil 28 

Figure 11, Table 15 40K in grass 29 

Figure 12, Table 16 137Cs in grass 30 

Figure 13, Table 17 54Mn in spiked water 31 

Figure 14, Table 18 60Co in spiked water 32 

Figure 15, Table 19 65Zn in spiked water 33 

Figure 16, Table 20 109Cd in spiked water 34 

Figure 17, Table 21 134Cs in spiked water 35 

Figure 18, Table 22 137Cs in spiked water 36 

210Pb in spiked water Figure 19, Table 23 37 

241Am in spiked water Figure 20, Table 24 38 
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CCRI-S4: 54Mn in spiked soil 

Mixture Model-median: 50.2 ± 2.1 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 48.0 ± 0.98 [Bq.kg-1] 
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Fig. 3: Deviation of 54Mn reported results from MM-median. 
 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 50.30 2.6 5.17 1.00 1.05
PTB 51.00 0.6 1.18 1.02 1.06
NCM 51.16 2.2 4.30 1.02 1.07
CMI 48.26 1.8 3.73 0.96 1.01
IAEA 48.20 1.0 2.07 0.96 1.00
NIST 51.49 0.8 1.55 1.03 1.07
NPL 49.60 1.4 2.82 0.99 1.03

Lab. result/MM-median Lab. result/Spike value

 

Table 7: Calculated ratios of 54Mn reported results to MM-median and spike values. 
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CCRI-S4: 60Co in spiked soil 

Mixture Model-median: 58.3 ± 1.9 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 56.1 ± 1.4 [Bq.kg-1] 
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Fig. 4: Deviation of 60Co reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 58.00 3.00 5.17 0.99 1.03
PTB 59.70 0.60 1.01 1.02 1.06
NCM 59.19 2.07 3.50 1.02 1.06
CMI 56.20 2.20 3.91 0.96 1.00
IAEA 57.38 0.85 1.48 0.98 1.02
NIST 58.79 0.98 1.67 1.01 1.05
NPL 57.90 1.60 2.76 0.99 1.03

Lab result/MM-median value Lab result/Spike value

 

Table 8: Calculated ratios of 60Co  reported results to MM-median and spike values. 
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CCRI-S4: 65Zn in spiked soil 

Mixture Model-median: 78.0 ± 4.0 [Bq.kg-1]; [µ ± S(MM-median)]�

Spike value: 77.6 ± 2.5 [Bq.kg-1] 
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Fig. 5: Deviation of 65Zn reported results from MM-median. 
Institute code 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 75.40 4.10 5.44 0.97 0.97
PTB 80.60 0.90 1.12 1.03 1.04
NCM 80.91 4.92 6.08 1.04 1.04
CMI 72.70 4.40 6.05 0.93 0.94
IAEA 76.50 1.80 2.35 0.98 0.99
NIST 80.40 2.00 2.49 1.03 1.04
NPL 77.10 2.20 2.85 0.99 0.99

Lab result/MM-median value Lab result/Spike value

 

Table 9: Calculated ratios of 65Zn  reported results to MM-median and spike values. 
 

 

 

 

CCRI-S4: 109Cd in spiked soil 
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Mixture Model-median: 191 ± 21 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 177.6 ± 8.4 [Bq.kg-1] 
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Fig. 6: Deviation of 109Cd reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 150.00 14.00 9.33 0.79 0.84
PTB 203.90 2.90 1.42 1.07 1.15
CMI 137.00 34.00 24.82 0.72 0.77
IAEA 189.90 7.80 4.11 0.99 1.07
NIST 206.10 3.50 1.70 1.08 1.16
NCM 166.32 13.00 7.82 0.87 0.94

Lab result/MM-median value Lab result/Spike value

 

Table 10: Calculated ratios of 109Cd reported results to MM-median and spike 
values. 
 

 

 

 

CCRI-S4: 134Cs in spiked soil 
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Mixture Model-median: 67.8 ± 4.0 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 64.2 ± 1.9 [Bq.kg-1] 
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Fig. 7: Deviation of 134Cs reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 63.10 3.30 5.23 0.93 0.98
PTB 70.00 0.70 1.00 1.03 1.09
NCM 66.33 3.98 6.00 0.98 1.03
CMI 62.80 3.10 4.94 0.93 0.98
IAEA 67.20 1.00 1.49 0.99 1.05
NIST 70.80 1.70 2.40 1.04 1.10
NPL 69.40 2.10 3.03 1.02 1.08

Lab result/MM-median value Lab result/Spike value

 

Table 11: Calculated ratios of 134Cs reported results to MM-median and spike values. 
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CCRI-S4: 137Cs in spiked soil 

Mixture Model-median: 55.0 ± 1.9 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 52.6 ± 1.1 [Bq.kg-1] 
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Fig. 8: Deviation of 137Cs reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 56.10 2.80 4.99 1.02 1.07
PTB 56.30 0.70 1.24 1.02 1.07
NCM 55.75 1.67 3.00 1.01 1.06
CMI 52.80 1.80 3.41 0.96 1.00
IAEA 53.40 1.00 1.87 0.97 1.02
NIST 55.00 0.75 1.36 1.00 1.05
NPL 55.20 1.60 2.90 1.00 1.05

Lab result/MM-median value Lab result/Spike value

 

Table 12: Calculated ratios of 137Cs reported results to MM-median and spike values. 

26 



 

CCRI-S4: 210Pb in spiked soil 

Mixture Model-median: 253 ± 30 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 259.5 ± 12.5 [Bq.kg-1] 
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Fig. 9: Deviation of 210Pb reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
PTB 248 5 2.02 0.98 0.96
CMI 194 20 10.31 0.77 0.75
IAEA 281.9 8.7 3.09 1.11 1.09
NIST 286.2 8.4 2.94 1.13 1.10
NCM 246.2 20 8.12 0.97 0.95

Lab result/MM-median value Lab result/Spike value

 

Table 13: Calculated ratios of 210Pb reported results to MM-median and spike values. 
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CCRI-S4: 241Am in spiked soil 

Mixture Model-median: 96.6 ± 7.1 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 96.6 ± 2.8 [Bq.kg-1] 
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Fig. 10: Deviation of 241Am reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
PTB 97.1 1.5 1.54 1.01 1.01
NCM 86 5.16 6.00 0.89 0.89
CMI 93.4 7 7.49 0.97 0.97
IAEA 97.5 4.4 4.51 1.01 1.01
NIST 103.6 1.3 1.25 1.07 1.07
NPL 96 5 5.21 0.99 0.99

Lab result/MM-median value Lab result/Spike value

 

Table 14: Calculated ratios of 241Am reported results to MM-median and spike 
values. 
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CCRI-S4: 40K in grass –IAEA-372 

Mixture Model-median: 1060 ± 56 [Bq.kg-1]; [µ ± S(MM-median)] 
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Fig. 11: Deviation of 40K reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
NIST 1085 51 4.70 1.02
CMI 1001 40 4.00 0.95

JCAC 1100 58 5.27 1.04
PTB 1060 14 1.32 1.00

IAEA 1098 32 2.91 1.04
NPL 1010 40 3.96 0.95
NCM 1125 75 6.67 1.06

Lab result/MM-median value

 

Table 15: Calculated ratios of 40K reported results to MM-median. 
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 CCRI-S4: 137Cs in grass –IAEA-372 

Mixture Model-median: 11310 ± 360 [Bq.kg-1]; [µ ± S(MM-median)] 

 

D
ev

ia
tio

n 
fro

m
 M

M
m

ed
ia

n 
(%

) 

Institute code  

Fig. 12: Deviation of 137Cs reported results from MM-median. 

 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
NIST 11470 356 3.10 1.01
CMI 11139 210 1.89 0.98

JCAC 11600 560 4.83 1.02
PTB 11526 100 0.87 1.02

IAEA 11060 190 1.72 0.98
NPL 11200 300 2.68 0.99
NCM 12618 702 5.56 1.11

Lab result/MM-median value

  

Table 16: Calculated ratios of 137Cs reported results to MM-median. 
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CCRI-S4: 54Mn in spiked water 

Mixture Model-median: 4.93 ± 0.19 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 4.89 ± 0.02 [Bq.kg-1] 
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Fig. 13: Deviation of 54Mn reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
NIST 5.064 0.088 1.74 1.04 1.03
CMI 4.86 0.14 2.88 0.99 0.99

JCAC 5.29 0.31 5.86 1.08 1.07
PTB 4.90 0.07 1.43 1.00 0.99

IAEA 4.81 0.19 3.95 0.98 0.98
NPL 4.93 0.18 3.65 1.01 1.00
NCM 4.84 0.18 3.72 0.99 0.98

Lab result/Spike value Lab result/MM-median value

 

Table 17: Calculated ratios of 54Mn reported results to MM-median and spike values 
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CCRI-S4: 60Co in spiked water 

Mixture Model-median: 5.87 ± 0.16 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 5.8 ± 0.04 [Bq.kg-1] 
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Fig. 14: Deviation of 60Co reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc. Lab result/Spike value Lab result/MM-median value

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 5.84 0.33 5.65 1.01 0.99
PTB 5.87 0.06 1.02 1.01 1.00
CMI 5.83 0.17 2.92 1.01 0.99
IAEA 5.73 0.14 2.44 0.99 0.98
NIST 5.95 0.16 2.69 1.03 1.01
NPL 5.95 0.16 2.69 1.03 1.01
NCM 5.91 0.14 2.37 1.02 1.01  

Table 18: Calculated ratios of 60Co reported results to MM-median and spike values 
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CCRI-S4: 65Zn in spiked water 

Mixture Model-median: 7.18 ± 0.47 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 7.27 ± 0.08 [Bq.kg-1] 
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Fig. 15: Deviation of 65Zn reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 6.88 0.47 6.83 0.95 0.96
PTB 7.15 0.13 1.82 0.98 1.00

IAEA 6.32 0.26 4.11 0.87 0.88
CMI 7.24 0.43 5.94 1.00 1.01
NIST 7.54 0.3 3.98 1.04 1.05
NPL 7.4 0.3 4.05 1.02 1.03
NCM 7.31 0.37 5.06 1.01 1.02

Lab result/Spike value Lab result/MM-median value

 

Table 19: Calculated ratios of 65Zn reported results to MM-median and spike values 
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CCRI-S4: 109Cd in spiked water 

Mixture Model-median: 20.1 ± 2.5 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 19.62 ± 0.10 [Bq.kg-1] 
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Fig. 16: Deviation of 109Cd reported results from MM-median. 

 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
PTB 21.80 0.60 2.75 1.11 1.08
CMI 12.30 1.20 9.76 0.63 0.61
IAEA 21.60 1.50 6.94 1.10 1.07
NIST 21.50 1.20 5.58 1.10 1.07
NPL 15.10 1.40 9.27 0.77 0.75

JCAC 17.00 2.40 14.12 0.87 0.85
NCM 18.84 1.35 7.17 0.96 0.94

Lab result/Spike value Lab result/MM-median value

 

Table 20: Calculated ratios of 109Cd reported results to MM-median and spike values 
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CCRI-S4: 134Cs in spiked water 

Mixture Model-median: 13.20 ± 0.53 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 13.03 ± 0.10 [Bq.kg-1] 
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Fig. 17: Deviation of 134Cs reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
JCAC 13.10 0.68 5.19 1.01 0.99
PTB 13.20 0.14 1.06 1.01 1.00
CMI 12.68 0.60 4.73 0.97 0.96
IAEA 13.09 0.21 1.60 1.00 0.99
NIST 13.80 0.38 2.75 1.06 1.05
NPL 13.70 0.40 2.92 1.05 1.04
NCM 12.68 0.63 4.97 0.97 0.96

Lab result/Spike value Lab result/MM-median value

 

Table 21: Calculated ratios of 134Cs reported results to MM-median and spike values 
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CCRI-S4: 137Cs in spiked water 

Mixture Model-median: 17.29 ± 0.66 [Bq.kg-1]; [µ ± S(MM-median)]  

Spike value: 16.72 ± 0.08 [Bq.kg-1] 
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Fig. 18: Deviation of 137Cs reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
NIST 17.48 0.19 1.09 1.05 1.01
CMI 17.47 0.70 4.01 1.04 1.01

JCAC 17.80 0.88 4.94 1.06 1.03
PTB 17.02 0.18 1.06 1.02 0.98

IAEA 16.50 0.38 2.30 0.99 0.95
NPL 17.00 0.50 2.94 1.02 0.98
NCM 17.96 0.32 1.78 1.07 1.04

Lab result/Spike value Lab result/MM-median value

 

Table 22: Calculated ratios of 137Cs reported results to MM-median and spike values 
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CCRI-S4: 210Pb in spiked water 

Mixture Model-median: 9.86 ± 1.01 [Bq.kg-1]; [µ ± S(MM-median)] 

Spike value: 9.55 ± 0.15 [Bq.kg-1] 
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Fig. 19: Deviation of 210Pb reported results from MM-median. 

 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
PTB 10.00 0.60 6.00 1.05 1.01
CMI 9.81 1.50 15.29 1.03 0.99
IAEA 9.30 1.00 10.75 0.97 0.94
NIST 9.49 0.40 4.21 0.99 0.96
NCM 11.00 0.67 6.09 1.15 1.12

Lab result/Spike value Lab result/MM-median value

 

Table 23: Calculated ratios of 210Pb reported results to MM-median and spike values 
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CCRI-S4: 241Am in spiked water 

Mixture Model-median: 3.63 ± 0.16 [Bq.kg-1]; [µ ± S(MM-median)]  

Spike value: 3.66 ± 0.02 [Bq.kg-1] 
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Fig. 20: Deviation of 241Am reported results from MM-median. 

 

Institute code 

 

 

Laboratories Results
Lab. Code Value Unc.

[Bq.kg-1] [Bq.kg-1] [%]
PTB 3.63 0.07 1.93 0.99 1.00
NPL 3.70 0.30 8.11 1.01 1.02
CMI 3.50 0.21 6.00 0.96 0.96
IAEA 3.53 0.21 5.95 0.96 0.97
NIST 3.65 0.09 2.52 1.00 1.00
NCM 3.72 0.15 4.03 1.02 1.02

Lab result/Spike value Lab result/MM-median value

 

Table 24: Calculated ratios of 241Am reported results to MM-median and spike 
values
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APPENDIX II. DATA EVALUATION OF THE ANALYTICAL RESULTS 
SORTED BY INSTITUTE  

Object Analyte Page number 

Table 25 CMI 40 

Table 26 IAEA 41 

Table 27 JCAC 42 

Table 28 NCM 43 

Table 29 NIST 44 

Table 30 NPL 45 

Table 31 PTB 46 
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Table 25 

Soil sam ple
M M -median value Spike value

A nalyte V alue U nc. V alue U nc. V alue U nc.
[B q/kg] [B q/kg] [B q/kg] [B q/kg] [B q/kg] [B q/kg] [% ]

54M n 50.20 2.10 48.00 0.98 48.26 1.80 3.73 0.96 1.01
60Co 58.30 1.90 56.10 1.37 56.20 2.20 3.91 0.96 1.00
65Zn 78.00 4.00 77.60 2.54 72.70 4.40 6.05 0.93 0.94

109Cd 192.00 35.00 177.60 8.40 137.00 34.00 24.82 0.71 0.77
134Cs 67.80 4.00 64.20 1.87 62.80 3.10 4.94 0.93 0.98
137Cs 55.00 1.90 52.60 1.08 52.80 1.80 3.41 0.96 1.00
210Pb 253.00 30.00 259.50 12.53 194.00 20.00 10.31 0.77 0.75

241Am 96.60 7.10 96.60 2.78 93.40 7.00 7.49 0.97 0.97

G rass sam ple
M M -median value

A nalyte V alue U nc. V alue U nc. Lab result/M M -median value
[B q/kg] [B q/kg] [B q/kg] [B q/kg] [% ]

40K 1060.00 56.00 1001.00 40.00 4.00
137Cs 11320.00 360.00 11139.00 210.00 1.89

W ater sam ple
M M -median value Spike value

A nalyte V alue U nc. V alue U nc. V alue U nc.
[B q/kg] [B q/kg] [B q/kg] [B q/kg] [B q/kg] [B q/kg] [% ]

54M n 4.93 0.19 4.89 0.02 4.86 0.14 2.88 0.99 0.99
60Co 5.87 0.16 5.80 0.04 5.83 0.17 2.92 0.99 1.01
65Zn 7.18 0.47 7.27 0.08 7.24 0.43 5.94 1.01 1.00

109Cd 20.10 2.50 19.62 0.10 12.30 1.20 9.76 0.61 0.63
134Cs 13.20 0.53 13.03 0.10 12.69 0.60 4.73 0.96 0.97
137Cs 17.29 0.66 16.72 0.08 17.47 0.70 4.01 1.01 1.04
210Pb 9.86 1.01 9.55 0.15 9.81 1.50 15.29 0.99 1.03

241Am 3.63 0.16 3.66 0.02 3.50 0.21 6.00 0.96 0.96

0.94
0.98

Evaluation of results reported by C M I

Laboratory results

Laboratory results
Lab result/Spike value

Lab result/M M -median value Lab result/Spike value

Lab result/M M -median value

Laboratory results
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Soil sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]
54Mn 50.20 2.10 48.00 0.98 48.20 1.00 2.07 0.96 1.00
60Co 58.30 1.90 56.10 1.37 57.38 0.85 1.48 0.98 1.02
65Zn 78.00 4.00 77.60 2.54 76.50 1.80 2.35 0.98 0.99

109Cd 192.00 35.00 177.60 8.40 189.90 7.80 4.11 0.99 1.07
134Cs 67.80 4.00 64.20 1.87 67.20 1.00 1.49 0.99 1.05
137Cs 55.00 1.90 52.60 1.08 53.40 1.00 1.87 0.97 1.02
210Pb 253.00 30.00 259.50 12.53 281.90 8.70 3.09 1.11 1.09

241Am 96.60 7.10 96.60 2.78 97.50 4.40 4.51 1.01 1.01

Grass sample
MM-median value

Analyte Value Unc. Value Unc. Lab result/MM-median
[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]

40K 1060 56 1098 32 2.91
137Cs 11320 360 11060 190 1.72

Water sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%] [%]
54Mn 4.93 0.19 4.89 0.02 4.81 0.19 3.95 0.98 0.98
60Co 5.87 0.16 5.80 0.04 5.73 0.14 2.44 0.98 0.99
65Zn 7.18 0.47 7.27 0.08 6.32 0.26 4.11 0.88 0.87

109Cd 20.10 2.50 19.62 0.10 21.60 1.50 6.94 1.07 1.10
134Cs 13.20 0.53 13.03 0.10 13.09 0.21 1.60 0.99 1.00
137Cs 17.29 0.66 16.72 0.08 16.50 0.38 2.30 0.95 0.99
210Pb 9.86 1.01 9.55 0.15 9.30 1.00 10.75 0.94 0.97

241Am 3.63 0.16 3.66 0.02 3.53 0.21 5.95 0.97 0.96

Laboratory results
Lab result/Spike value

Evaluation of results reported by IAEA

Laboratory results
Lab. result/Spike value

Laboratory results

1.04
0.98

Table 26 
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Soil sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]
54Mn 50.20 2.10 48.00 0.98 50.30 2.60 5.17 1.00 1.05
60Co 58.30 1.90 56.10 1.37 58.00 3.00 5.17 0.99 1.03
65Zn 78.00 4.00 77.60 2.54 75.40 4.10 5.44 0.97 0.97

109Cd 192.00 35.00 177.60 8.40 150.00 14.00 9.33 0.78 0.84
134Cs 67.80 4.00 64.20 1.87 63.10 3.30 5.23 0.93 0.98
137Cs 55.00 1.90 52.60 1.08 56.10 2.80 4.99 1.02 1.07
210Pb 253.00 30.00 259.50 12.53

241Am 96.60 7.10 96.60 2.78

Grass sample
MM-median value

Analyte Value Unc. Value Unc. Lab result/MM-median
[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]

40K 1060 56 1100 58 5.27
137Cs 11320 360 11600 560 4.83

Water sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%] [%]
54Mn 4.93 0.19 4.89 0.02 5.29 0.31 5.86 1.07 1.08
60Co 5.87 0.16 5.80 0.04 5.84 0.33 5.65 0.99 1.01
65Zn 7.18 0.47 7.27 0.08 6.88 0.47 6.83 0.96 0.95

109Cd 20.10 2.50 19.62 0.10 17.00 2.40 14.12 0.85 0.87
134Cs 13.20 0.53 13.03 0.10 13.10 0.68 5.19 0.99 1.01
137Cs 17.29 0.66 16.72 0.08 17.80 0.88 4.94 1.03 1.06
210Pb 9.86 1.01 9.55 0.15

241Am 3.63 0.16 3.66 0.02

Laboratory results
Lab result/Spike value

Evaluation of results reported by JCAC

Laboratory results
Lab result/Spike value

Laboratory results

1.04
1.02

Table 27 
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 CCRI-S4 Report draft final – Annex II 

Soil
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]
54Mn 50.20 2.10 48.00 0.98 51.16 2.20 4.30 1.02 1.07
60Co 58.30 1.90 56.10 1.37 59.19 2.07 3.50 1.02 1.06
65Zn 78.00 4.00 77.60 2.54 80.91 4.92 6.08 1.04 1.04

109Cd 192.00 35.00 177.60 8.40 166.32 13.00 7.82 0.87 0.94
134Cs 67.80 4.00 64.20 1.87 66.33 3.98 6.00 0.98 1.03
137Cs 55.00 1.90 52.60 1.08 55.75 1.67 3.00 1.01 1.06
210Pb 253.00 30.00 259.50 12.53 246.20 20.00 8.12 0.97 0.95

241Am 96.60 7.10 96.60 2.78 86.00 5.16 6.00 0.89 0.89

Grass sample
MM-median value

Analyte Value Unc. Value Unc. Lab result/MM-median
[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]

40K 1060 56 1125 75 6.67
137Cs 11320 360 12618 702 5.56

Water sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%] [%]
54Mn 4.93 0.19 4.89 0.02 4.84 0.18 3.72 0.98 0.99
60Co 5.87 0.16 5.80 0.04 5.91 0.14 2.37 1.01 1.02
65Zn 7.18 0.47 7.27 0.08 7.31 0.37 5.06 1.02 1.01

109Cd 20.10 2.50 19.62 0.10 18.84 1.35 7.17 0.94 0.96
134Cs 13.20 0.53 13.03 0.10 12.68 0.63 4.97 0.96 0.97
137Cs 17.29 0.66 16.72 0.08 17.96 0.32 1.78 1.04 1.07
210Pb 9.86 1.01 9.55 0.15 11.00 0.67 6.09 1.12 1.15

241Am 3.63 0.16 3.66 0.02 3.72 0.15 4.03 1.02 1.02

Laboratory results
Lab result/Spike value

Evaluation of results reported by NCM

Laboratory results
Lab result/Spike value

Laboratory results

1.06
1.11

 sample
Table 28 
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Table 29 

Soil ple
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]
54Mn 50.20 2.10 48.00 0.98 51.49 0.80 1.55 1.03 1.07
60Co 58.30 1.90 56.10 1.37 58.79 0.98 1.67 1.01 1.05
65Zn 78.00 4.00 77.60 2.54 80.40 2.00 2.49 1.03 1.04

109Cd 192.00 35.00 177.60 8.40 206.10 3.50 1.70 1.07 1.16
134Cs 67.80 4.00 64.20 1.87 70.80 1.70 2.40 1.04 1.10
137Cs 55.00 1.90 52.60 1.08 55.00 0.75 1.36 1.00 1.05
210Pb 253.00 30.00 259.50 12.53 286.20 8.40 2.94 1.13 1.10

241Am 96.60 7.10 96.60 2.78 103.60 1.30 1.25 1.07 1.07

Grass sample
MM-median value

Analyte Value Unc. Value Unc. Lab result/MM-median
[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]

40K 1060 56 1085 51 4.70
137Cs 11320 360 11470 356 3.10

Water sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%] [%]
54Mn 4.93 0.19 4.89 0.02 5.06 0.09 1.74 1.03 1.04
60Co 5.87 0.16 5.80 0.04 5.95 0.16 2.69 1.01 1.03
65Zn 7.18 0.47 7.27 0.08 7.54 0.30 3.98 1.05 1.04

109Cd 20.10 2.50 19.62 0.10 21.50 1.20 5.58 1.07 1.10
134Cs 13.20 0.53 13.03 0.10 13.80 0.38 2.75 1.05 1.06
137Cs 17.29 0.66 16.72 0.08 17.48 0.19 1.09 1.01 1.05
210Pb 9.86 1.01 9.55 0.15 9.49 0.40 4.21 0.96 0.99

241Am 3.63 0.16 3.66 0.02 3.65 0.09 2.52 1.00 1.00

Laboratory results
Lab result/Spike value

Evaluation of results reported by NIST

Laboratory results
Lab result/Spike value

Laboratory results

1.02
1.01

 
 sam
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Table 30 

Soil sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]
54Mn 50.20 2.10 48.00 0.98 49.60 1.40 2.82 0.99 1.03
60Co 58.30 1.90 56.10 1.37 57.90 1.60 2.76 0.99 1.03
65Zn 78.00 4.00 77.60 2.54 77.10 2.20 2.85 0.99 0.99

109Cd 192.00 35.00 177.60 8.40
134Cs 67.80 4.00 64.20 1.87 68.40 2.10 3.07 1.01 1.07
137Cs 55.00 1.90 52.60 1.08 55.20 1.60 2.90 1.00 1.05
210Pb 253.00 30.00 259.50 12.53

241Am 96.60 7.10 96.60 2.78 96.00 5.00 5.21 0.99 0.99

Grass sample
MM-median value

Analyte Value Unc. Value Unc. Lab result/MM-median
[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]

40K 1060 56 1010 40 3.96
137Cs 11320 360 11200 300 2.68

Water sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%] [%]
54Mn 4.93 0.19 4.89 0.02 4.93 0.18 3.65 1.00 1.01
60Co 5.87 0.16 5.80 0.04 5.95 0.16 2.69 1.01 1.03
65Zn 7.18 0.47 7.27 0.08 7.40 0.30 4.05 1.03 1.02

109Cd 20.10 2.50 19.62 0.10
134Cs 13.20 0.53 13.03 0.10 13.70 0.40 2.92 1.04 1.05
137Cs 17.29 0.66 16.72 0.08 17.00 0.50 2.94 0.98 1.02
210Pb 9.86 1.01 9.55 0.15

241Am 3.63 0.16 3.66 0.02 3.70 0.30 8.11 1.02 1.01

Laboratory results
Lab result/Spike value

Evaluation of results reported by NPL

Laboratory results
Lab result/Spike value

Laboratory results

0.95
0.99
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Table 31 

Soil sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]
54Mn 50.20 2.10 48.00 0.98 51.00 0.60 1.18 1.02 1.06
60Co 58.30 1.90 56.10 1.37 59.70 0.60 1.01 1.02 1.06
65Zn 78.00 4.00 77.60 2.54 80.60 0.90 1.12 1.03 1.04

109Cd 192.00 35.00 177.60 8.40 203.90 2.90 1.42 1.06 1.15
134Cs 67.80 4.00 64.20 1.87 70.00 0.70 1.00 1.03 1.09
137Cs 55.00 1.90 52.60 1.08 56.30 0.70 1.24 1.02 1.07
210Pb 253.00 30.00 259.50 12.53 248.00 5.00 2.02 0.98 0.96

241Am 96.60 7.10 96.60 2.78 97.10 1.50 1.54 1.01 1.01

Grass sample
MM-median value

Analyte Value Unc. Value Unc. Lab result/MM-median
[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%]

40K 1060.00 56.00 1060.00 14.00 1.32
137Cs 11320.00 360.00 11526.00 100.00 0.87

Water sample
MM-median value Spike value

Analyte Value Unc. Value Unc. Value Unc. Lab result/MM-median value

[Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [Bq/kg] [%] [%]
54Mn 4.93 0.19 4.89 0.02 4.90 0.07 1.43 0.99 1.00
60Co 5.87 0.16 5.80 0.04 5.87 0.06 1.02 1.00 1.01
65Zn 7.18 0.47 7.27 0.08 7.15 0.13 1.82 1.00 0.98

109Cd 20.10 2.50 19.62 0.10 21.80 0.60 2.75 1.08 1.11
134Cs 13.20 0.53 13.03 0.10 13.20 0.14 1.06 1.00 1.01
137Cs 17.29 0.66 16.72 0.08 17.02 0.18 1.06 0.98 1.02
210Pb 9.86 1.01 9.55 0.15 10.00 0.60 6.00 1.01 1.05

241Am 3.63 0.16 3.66 0.02 3.63 0.07 1.93 1.00 0.99

Laboratory results

Laboratory results

1.00
1.02

Evaluation of results reported by PTB

Laboratory results
Lab result/Spike value

Lab result/Spike value
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Att.         Atoms For Peace 

Wagramer Strasse 5, P.O. Box 100, A-1400 Wien, Austria 
Phone: (+43 1) 2600 • Fax: (+43 1) 26007 
E-mail: Official.Mail@iaea.org • Internet: http://www.iaea.org  
In reply please refer to: Analytical Quality Control Services 
Dial directly to extension: (+431) 2600 728 226 
E-mail: AQCS@iaea.org • Internet: http://www.iaea.org/programmes/aqcs 

 

 

 

 

Seibersdorf, ………… 

The CCRI(II)-S4 supplementary comparison on the determination of gamma emitting 
radionuclides 

 

Dear Participant, 

With reference to your participation in the  CCRI(II) supplementary comparison on the 
determination of gamma emitting radionuclides, enclosed please find a set of samples 
together with the relevant documentation. 

 
Please read the attached instructions to participants (F-05) carefully before commencing the 

analysis and return the acknowledgment receipt form (F-06) to us at your earliest 
convenience. 

In the package you should find 3 samples: 200 grams of soil, 100 grams of grass and 500 mL 
of water.  

You are kindly asked to perform the determinations of: 

 54Mn, 60Co, 65Zn, 109Cd, 134Cs, 137Cs, 241Am and 210Pb in soil and water 

 40K, and 137Cs in grass; 

Analysis results and estimated total combined uncertainties must be reported using the 
reporting forms (F-01 to F-04). These forms can be accessed via the IAEA Comparison 
study website at URL: 

http://curem.iaea.org/ccri/ 

Your user name is: «username» 

Your password is : «Password» 
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You can find full reporting instructions on the main page of the website. 

In order to assess the method, we would like to have information on the method validation 
parameters and the approach used in your laboratory for the evaluation of uncertainty 
components. Kindly refer to Method Validation and Combined Uncertainty Estimation Form 
(F-03) to fill on-line the requested information. 

In addition, it is important to have a short description of your method and quality control 
procedure applied in your laboratory. This information can be filled on-line in the Method and 
Quality Control Procedure Description Form (F-04). 

 

The deadline for results entry via the webpage is the 15th of September 2006. You are also 
requested to print the final reporting-form, sign on the first page and submit it by fax or e-mail 
as your valid results to the attention of Mr. A. Shakhashiro e-mail: 
a.shakhashiro@iaea.org, Fax: +43 1 2600 728 226 who is the responsible person for this 
comparison.  

It is imperative that we receive the printed reporting forms (F-01, F-02) duly completed, 
dated and signed as this will constitute your valid results for this exercise and will be used as 
the definitive source of information to confirm your results transferred to the data base and to 
accept any claim in case of data transfer errors. In case you do not send the printed forms we 
will consider the data entered via the website as the official results and in this case you will not 
be able to ask for any corrections after the deadline. 

 

Sincerely yours, 

 

Umberto Sansone 

Head, Chemistry Unit 
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The CCRI(II)-S4 supplementary comparison on the determination of gamma emitting 
radionuclides 

 
Instructions to Participants 

 

Important - before you start to process these samples. 

 Please check the inventory of the package and compare its contents with the items listed in 
the “Acknowledgment of receipt of materials” form 06.  

 Sign and date the “Acknowledgment of receipt of materials”, and send it back to the 
Reference Materials Group by fax : (+43 1) 2600 728 226 or regular mail. 

 

1. Analytes of interest: 
Participants are requested to analyse 54Mn, 60Co, 65Zn, 109Cd, 134Cs, 137Cs, 241Am and 210Pb 
in soil and water and 40K, and 137Cs in grass;

The activity levels of the radionuclides are such that they can be measured within a 12-
hour measurement period using a conventional HPGe γ-spectrometer with a 20 % relative 
efficiency. 

 

2. Homogenize the test samples for 2 minute and then let the powder to settle down 
before opening the bottle. Please take all necessary precautions when opening the 
sample bottles (especially the grass sample) to prevent any spread of the fine powder 
in the laboratory.  

 

3. Choice of method/procedure. 
Participants may use any routine method of their choice (i.e. you should not use these 

samples to test a new procedure). Within bottle homogeneity is assured at 50 g for soil 

and at 5 g for grass.  

4. Description of the samples. 
a. Spiked soil: 

Matrix origin:  soil collected in China.  

Matrix characterization:  a number of samples were pre-screened for man-made gamma-
emitting radionuclides prior to spiking. The results have shown 
that the parent material is free from man-made radionuclides 
excepting for 137Cs.  

Sample preparation: individual batches (200 g) of soil were spiked separately with 
known amounts of solution containing a mixture of certified 
gamma-emitting radionuclides and the respective holdback 
carriers. The samples were homogenized after spiking. Within-
bottle homogeneity was checked by measuring four equal 
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aliquots (50g) of soil sample by gamma-spectrometry. The 
radionuclides were found to be distributed homogeneously; the 
heterogeneity contribution to the uncertainty was estimated to 
be less than1.3% of the nominal value. 

 

b. Grass sample:  
Matrix origin: grass collected in Ukraine contaminated with 137Cs. 

Sample preparation: The material was milled, bottled and tested for homogeneity. 
The radionuclides were found to be distributed 
homogeneously, the heterogeneity contribution to the 
uncertainty was estimated to be less than 0.2 % of the nominal 
value. 

c. Water sample:  
Matrix origin: demineralized water sourced from Seibersdorf, Austria. 

Sample preparation: The water was gravimetrically spiked with known amounts of 
solution containing a mixture of certified gamma-emitting 
radionuclides and acidified with nitric acid. After bottling, a 
homogeneity test showed acceptable results.  

4. Test sample handling 
 

 Thoroughly mix the sample before transferring the content to your usual sample 
counting container.  

 Analyse the sample with the gamma-ray spectrometer for sufficient time to ensure 
at least 5% RSD for the least active radionuclide measured. 

 Determine dry-to-wet ratio by drying an aliquot (or more) of the sample after the 
gamma-spectrometry analysis has been performed. The recommended temperature 
for drying is 105 °C overnight.  

 

5. Reporting requirements. 
 Results should be reported on-line by using Reporting Forms F-01 to F-04 (see attached cover letter for user name and 

password). 
 

 The value of the result and its associated uncertainty must be expressed in Bq/kg dry weight for the soil and grass samples and as 
Bq/kg for the water sample. 

 

 All results should be decay corrected to the reference date 2006-June-01. 
 Uncertainty should be reported as the combined standard uncertainty (1 sigma level) where all individual sources of uncertainty 

have been identified and taken into account.  
 The deadline for submission of results is set to 15 September 2006. 
  
 To: 

IAEA Reference Materials Group, 

International Atomic Energy Agency, 

Agency’s Laboratories, A 2444 Seibersdorf, AUSTRIA. 

Fax no.: + 43 1 2600 728 226, E-mail: AQCS@iaea.org

mailto:AQCS@iaea.org
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Acknowledgment of Receipt of Materials 

F-06 

The CCRI(II)-S4 Supplementary Comparison on the Determination of Gamma Emitting 
Radionuclides 

 

Please sign and return this page to confirm the receipt of this package, noting any missing 
or damaged items at the bottom of this page. 

 

 

LabCode  
 

This package contains the following samples: 

1- Spiked soil,   Sample Code 1  Bottle number:  

2- Spiked water,   Sample Code 2   Bottle number:  

3- Grass,   Sample Code 3   Bottle number:  

 

I acknowledge the receipt of the samples described above. 

 

           ------------------------------------   

            Signature and date  

 

The following items were missing/broken: 

Please send back as soon as possible  to:  

IAEA Reference Materials Group 
Chemistry Unit, Agency's Laboratories Seibersdorf 

A-2444 Seibersdorf - Austria 
Tel: + 43 1 2600 28226 

Fax: + 43 1 2600 728 226 
Email: a.shakhashiro@iaea.org  

Abdulghani Shakhashiro 

http://www.iaea.org/programmes/aqcs/

http://www.iaea.org/programmes/aqcs/
http://www.iaea.org/programmes/aqcs/
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Reporting Form  F-01 
The CCRI(II)-S4 Supplementary Comparison on the Determination Of Gamma Emitting Radionuclides 

 

Sample requested by:   

 

  Name of Analyst:    ……………………………………. 
  Name of Supervisor:   ……………………………………. 
  Laboratory / Division:   ……………………………………. 
  Organisation / Institute:  ……………………………………. 
  Street / Number:   ……………………………………. 
  City / Postal Code:   ……………………………………. 
  Country:    ……………………………………. 
  Tel.:     ……………………………………. 
  Fax.:     ……………………………………. 
  E-mail:     ……………………………………. 

 

 
 
  Signature:    ……………………………………. 
  Date:     ……………………………………. 
  Collaborators:    ……………………………………. 
     ……………………………………. 
Please send back to:     ……………………………………. 
Abdulghani Shakhashiro 
Reference Materials Group 
Chemistry Unit, Agency's Laboratories Seibersdorf 
A-2444 Seibersdorf - Austria 
Tel: + 43 1 2600 28226 
Fax: + 43 1 2600 28222 
Email: a.shakhashiro@iaea.org  
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Reporting Form F-02 
The CCRI(II)-S4 Supplementary Comparison on the Determination Of Gamma Emitting Radionuclides 

 

 

*Activity concentrations [Bq/kg d.m.] for soil and grass and [Bq/kg] for water (background corrected) on reference date: 2006-June-01 

Bottle 
number 

54Mn 60Co 65Zn 109Cd 134Cs 137Cs 210Pb 241Am 

 A* u** A* u** A* u** A* u** A* u** A* u** A* u** A* u** 

Soil                 

Water                 

 

Bottle number
40K 137Cs 

 A* A* u** u** 

    Grass 

**    Combined uncertainty [±1σ] is expressed as the square root of the sum of variances of all conceivable sources of uncertainty 

including the uncertainty of dry mass determination, evaluated using the law of propagation of uncertainty. The combined 

uncertainty must be expressed in the same unit as the activity. 
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Counting date:  (dd/mm/y

y) 

Counting time:  [s] 

Moisture:  [%] 

Sample mass:  (g  d.m.)

te:  Please report all values obtained from measurement and/or calculation. Do not use the expressions or acronyms “less than”, “below level of 
detection”, “ - “ or other unquantified symbols. To report results below the detection limit, kindly use the sign “ < ” with the value of your 
validated detection limit (without a space between them), example: <1 Bq/kg d.m.  

d.m.  : dry mass 
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The CCRI(II)-S4 Supplementary Comparison on the Determination Of 
Gamma Emitting Radionuclides 

Method Validation and Combined Uncertainty Estimation Form  (F-03) 

 

 

Name of analyst(s): …………..……… Laboratory name:…………………….. 

 

Please provide us with the following information related to method validation: 

1- Did you perform method validation? 

 

2- If yes, kindly submit the obtained validation parameters such as: Minimum 
detection limit, Repeatability standard deviation, Reproducibility standard deviation. 

 

 

3- Please describe your approach for evaluation of uncertainty components and give 
the formula used for calculation of the expanded uncertainty. 

 

 

 

4- You are kindly asked to list the sources of uncertainties included in the estimation 
of the combined uncertainty. 

 

 

 

5- Did your laboratory obtain a formal accreditation? Do you apply a QAS?  

 

 

6- How many samples your laboratory analyze per year? 
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Remark: 

In practice, there are many possible sources of uncertainty in a measurement, both, of random nature or manifested as 
bias, including: 

1) reproducibility of measurement; 

2) bias or drift of measurement; 

3) uncertainty in calibration process; of blank; in instrument readings (e.g. peak integration) 

4) uncertainties of calibration sources; in sample preparation (mass, dilution, etc.). 

 

Of course, these possible sources of uncertainty are not an exhaustive list.  Individual standard uncertainties may be 
estimated from repeated observations (any valid statistical method for treating data) or by using all relevant information 
which may include previous measurement data, experience with or general knowledge of the behaviour and properties of 
relevant materials and instruments, manufacturers specifications, data provided in calibration and other certificates, and 
uncertainties assigned to reference data taken from handbooks.  

 

EURACHEM Guide on Quantifying Uncertainty and Method validation in Analytical Measurements could be used as a 
general guidance. Copies can be downloaded from http://www.eurachem.ul.pt/guidesanddocuments.htm 

If not enough space please add separate sheets to this page. 
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The CCRI(II)-S4 Supplementary Comparison on the Determination Of 
Gamma Emitting Radionuclides 

Method and Quality Control Procedure Description Form (F-04). 

 

Name of analyst: …………..……….., Laboratory name:……………………….. 

_____________________________________________________________________________________________________________ 

SAMPLE HANDLING PROCEDURE 

_____________________________________________________________________________________________________________ 

Describe how the sample was prepared and presented to the apparatus (sample mass, dry weight, type and dimensions of sample 
container). 

 

 

_____________________________________________________________________________________________________________ 

COUNTING METHOD 

_____________________________________________________________________________________________________________ 

Please provide details of the counting system: 

 Type of detector and model          
 Energy range 
 Method of efficiency calibration:  

Multinuclide standard          , Selective standard nuclides         , Mathematical approach             

 Applied corrections: 
  

 Measured energy lines and nuclear data used for half-life and γ-emission probability. 
 

_____________________________________________________________________________________________________________ 

QUALITY CONTROL PROCEDURE 

_____________________________________________________________________________________________________________ 

Please provide details of the QC procedure (daily and weekly checks, use of reference materials, use of control samples, duplicates…..). 

 

 

If not enough space please add separate sheets to this page
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