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FOREWORD 

 
The Radiometrics Laboratory of the IAEA Environment Laboratories has been providing quality support 

products and services for the last 60 years. These include the organization of proficiency tests and 

laboratory comparisons, and the production of certified reference materials, including a wide range of 

marine sample matrices and radionuclide levels. 

 

As part of these activities, a Proficiency Test (PT) was organized at the request of the Nuclear Regulation 

Authority (NRA) of Japan to test the performance of participating laboratories in an analysis of 

radionuclides in a sea water sample. This exercise was initiated to support laboratories in sea water 

analyses of 3H, 89Sr, 90Sr, 134Cs, 137Cs and an undisclosed γ emitter in sea water that may be released into 

the marine environment in accidental situations or through routine operations at nuclear facilities. Previous 

proficiency tests exercises are described in IAEA Analytical Quality in Nuclear Applications Series Nos 

40–43, 51 and 58. 

 

The IAEA wishes to thank all the participants and laboratories who took part in this proficiency test. The 

IAEA is also grateful to the Government of the Principality of Monaco for its support. We thank our IAEA 

colleagues C. Galdino and M. Pham for the technical assistance. 

 

The IAEA officers responsible for this publication are P. Ivanov, I. Osvath, Paul Mc Ginnity and F. 

Descroix-Comanducci of the IAEA Environment Laboratories. 
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1. INTRODUCTION 

 

1.1. BACKGROUND 
The IAEA Environment Laboratories (IAEA-EL) in Monaco and Seibersdorf regularly organize 

proficiency tests (PT) for radionuclides in environmental samples to support laboratories in IAEA 

Member States.  

 

1.2. OBJECTIVES 
This proficiency test was initiated to support laboratories in sea water analyses of 3H, 89Sr, 90Sr, 134Cs 

and 137Cs and an undisclosed γ emitter in seawater that may be released into the marine environment in 

accidental situations or through routine operations at nuclear facilities. The results of this exercise 

allowed the participating laboratories to evaluate their performance in the analysis of these radionuclides 

for this sample type.  

 

1.3. SCOPE 
This publication describes the organization and the results of a proficiency test organized in cooperation 

with the Nuclear Regulation Authority (NRA) in Japan. A total of 96 laboratories from 51 countries 

participated in this exercise during the period July – December 2019. This included 28 laboratories from 

Japan and 68 laboratories from other IAEA Member States. The full list of participants is given 

Appendix III. Results of similar earlier exercises are described in IAEA Analytical Quality in Nuclear 

Applications Series Nos 40–43, 51 and 58 [1–6] and in Refs [7] and [8]. 

 

1.4. STRUCTURE 
This publication contains a description of material offered and the reporting requirements (Section 2), 

the performance criteria (Section 3), the results of the exercise and discussion (Section 4), an appendix 

presenting the performance evaluation sorted by radionuclide (Appendix I), an appendix presenting the 

performance evaluation sorted by participant (Appendix II) and a list of participants (Appendix III). 

 

 

2. MATERIAL AND METHODS 

 

2.1. MATERIAL DISTRIBUTION AND REPORTING REQUIREMENTS 

A sample containing 5 L of filtered Mediterranean Sea water spiked by the IAEA with the radionuclides 
3H, 89Sr, 90Sr, 134Cs, 137Cs and one undisclosed γ emitter was distributed to the participants, with the 

massic activities only known to the IAEA. The undisclosed γ emitter added to the sample was 155Eu. 

The massic activities were traceable to a standard provided by the Czech Metrology Institute ČMI. The 

combined massic activities of 3H, 89Sr, 90Sr, 134Cs, 137Cs and 155Eu in the exercise samples were lower 

than the natural activity level of 40K in sea water (which is approximately 12 Bq kg-1). The 3H, 89Sr, 90Sr, 
134Cs, 137Cs and 155Eu massic activities for the samples were approximately 5.00, 2.94, 0.20, 0.17, 1.52 

and 1.08 Bq kg–1, respectively. The sample also contained a non-active Cs-carrier and Eu-carrier, both 

at 1 mg kg-1, in order to stabilize the solution and to minimize adsorption of Cs and Eu to the container 

walls. No Sr was added to the sample as non-active Sr present naturally in sea water will act as a carrier 

for 90Sr. 

 

The participants were required to report to the IAEA the 3H, 89Sr, 90Sr, 134Cs, 137Cs and the undisclosed 

γ emitter massic activities (in Bq kg–1) of the proficiency test sample combined with the associated 

uncertainties (also in Bq kg–1). Additionally, the participants were asked to submit the following: 

 

– A short description of the analytical method used for the sample analysis. The Information Sheet 

sent to the participants suggested for 3H distillation followed by liquid scintillation counting. 

For 90Sr, precipitation from sea water as mixed Ca/Sr oxalate or carbonate follow by a standard 
90Sr procedure (e.g. a radiochemical procedure such as precipitation with fuming nitric acid, 

liquid-liquid extraction or extraction chromatography followed by a measurement technique 

such as gas-flow proportional counting or liquid scintillation counting). For 134Cs and 137Cs, 



 

2 

three methods were suggested: (i) direct gamma spectrometry, (ii) adsorption on AMP 

(ammonium molybdophosphate, (NH4)3PO4Mo12O36) and subsequent gamma spectrometry or 

(iii) adsorption on copper hexacyanoferrate (Cu2[Fe(CN)6]) and subsequent gamma 

spectrometry;  

– Type of calibration and software used for gamma ray spectrometry; 

– Nuclear data used; 

– An uncertainty budget for the measurement results. 

 

The reference date for reporting massic activities was set at 1 July 2019. At this date, the ranges for the 

traceable massic activities in the proficiency test exercise samples sent to the participants were 4.954–

5.076 Bq kg–1 3H, 2.913–2.984 Bq kg–1 89Sr, 0.199–0.204 Bq kg–1 90Sr, 0.163–0.167 Bq kg–1 134Cs, 

1.505–1.542 Bq kg–1 137Cs and 1.053–1.079 Bq kg–1 155Eu, respectively (see Table 1).  

 
TABLE 1. IAEA ASSIGNED VALUES 

Sample 

3H massic 

activity 

(Bq kg–1) 

89Sr massic 

activity 

(Bq kg–1) 

90Sr massic 

activity 

(Bq kg–1) 

134Cs massic 

activity 

(Bq kg–1) 

137Cs massic 

activity 

(Bq kg–1) 

155Eu massic 

activity 

(Bq kg–1) 

001 5.025  0.099 2.954  0.055 0.2021  0.0026 0.1656  0.0019 1.526  0.021 1.068  0.020 

002 5.005  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

003 5.012  0.099 2.947  0.055 0.2016  0.0026 0.1652  0.0019 1.522  0.021 1.065  0.020 

004 5.018  0.099 2.950  0.055 0.2019  0.0026 0.1653  0.0019 1.524  0.021 1.067  0.020 

005 5.001  0.099 2.940  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

006 5.000  0.099 2.939  0.055 0.2011  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

007 5.015  0.099 2.948  0.055 0.2017  0.0026 0.1652  0.0019 1.523  0.021 1.066  0.020 

008 5.001  0.099 2.940  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

009 5.013  0.099 2.947  0.055 0.2017  0.0026 0.1652  0.0019 1.523  0.021 1.066  0.020 

010 4.991  0.099 2.934  0.055 0.2008  0.0026 0.1644  0.0018 1.516  0.021 1.061  0.020 

011 4.990  0.099 2.933  0.055 0.2007  0.0026 0.1644  0.0018 1.516  0.021 1.061  0.020 

012 5.005  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

013 5.004  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

014 5.006  0.099 2.943  0.055 0.2014  0.0026 0.1650 0.0019 1.521  0.021 1.064  0.020 

015 5.008  0.099 2.944  0.055 0.2015  0.0026 0.1650  0.0019 1.521  0.021 1.065  0.020 

016 5.011  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

017 5.002  0.099 2.940  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

018 5.007  0.099 2.944  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

019 4.998  0.099 2.938  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.062  0.020 

020 5.012  0.099 2.947  0.055 0.2016  0.0026 0.1652  0.0019 1.522  0.021 1.065  0.020 

021 4.997  0.099 2.938  0.055 0.2010  0.0026 0.1647  0.0019 1.518  0.021 1.062  0.020 

022 5.004  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

023 4.993  0.099 2.935  0.055 0.2009  0.0026 0.1645  0.0018 1.517  0.021 1.061  0.020 

024 5.017  0.099 2.949  0.055 0.2018  0.0026 0.1653  0.0019 1.524  0.021 1.066  0.020 

025 4.982  0.099 2.929  0.055 0.2004  0.0026 0.1641  0.0018 1.513  0.021 1.059  0.020 

026 4.994  0.099 2.936  0.055 0.2009  0.0026 0.1646  0.0018 1.517  0.021 1.062  0.020 

027 5.008  0.099 2.944  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

028 4.999  0.099 2.939  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.063  0.020 

030 5.009  0.099 2.945  0.055 0.2015  0.0026 0.1650  0.0019 1.521  0.021 1.065  0.020 
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031 4.994  0.099 2.936  0.055 0.2009  0.0026 0.1646  0.0018 1.517  0.021 1.062  0.020 

032 4.999  0.099 2.939  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.062  0.020 

033 5.020  0.099 2.951  0.055 0.2019  0.0026 0.1654  0.0019 1.525  0.021 1.067  0.020 

034 5.012  0.099 2.947  0.055 0.2016  0.0026 0.1652  0.0019 1.522  0.021 1.065  0.020 

035 5.015  0.099 2.948  0.055 0.2017  0.0026 0.1652  0.0019 1.523  0.021 1.066  0.020 

036 5.022  0.099 2.953  0.055 0.2020  0.0026 0.1655  0.0019 1.525  0.021 1.068  0.020 

037 5.010  0.099 2.945  0.055 0.2015  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

038 5.019  0.099 2.950  0.055 0.2019  0.0026 0.1654  0.0019 1.524  0.021 1.067  0.020 

039 5.003  0.099 2.941  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.063  0.020 

040 5.009  0.099 2.944  0.055 0.2015  0.0026 0.1650  0.0019 1.521  0.021 1.065  0.020 

041 4.999  0.099 2.939  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.063  0.020 

042 5.011  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

043 4.988  0.099 2.932  0.055 0.2006  0.0026 0.1644  0.0018 1.515  0.021 1.060  0.020 

044 5.007  0.099 2.944  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

045 5.011  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

046 5.001  0.099 2.940  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

047 5.016  0.099 2.949  0.055 0.2018  0.0026 0.1653  0.0019 1.524  0.021 1.066  0.020 

048 4.999  0.099 2.939  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.063  0.020 

049 4.985  0.099 2.931  0.055 0.2005  0.0026 0.1643  0.0018 1.514  0.021 1.060  0.020 

050 5.007  0.099 2.944  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

051 4.997  0.099 2.937  0.055 0.2010  0.0026 0.1646  0.0019 1.518  0.021 1.062  0.020 

052 4.990  0.099 2.933  0.055 0.2007  0.0026 0.1644  0.0018 1.515  0.021 1.061  0.020 

053 5.004  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

054 4.986  0.099 2.931  0.055 0.2006  0.0026 0.1643  0.0018 1.514  0.021 1.060  0.020 

055 4.985  0.099 2.931  0.055 0.2005  0.0026 0.1643  0.0018 1.514  0.021 1.060  0.020 

056 4.981  0.099 2.928  0.054 0.2004  0.0026 0.1641  0.0018 1.513  0.021 1.059  0.020 

057 4.984  0.099 2.930  0.054 0.2005  0.0026 0.1642  0.0018 1.514  0.021 1.059  0.020 

058 5.004  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

059 5.035  0.100 2.960  0.055 0.2025  0.0026 0.1659  0.0019 1.529  0.021 1.070  0.020 

060 5.042  0.100 2.964  0.055 0.2028  0.0026 0.1661  0.0019 1.531  0.021 1.072  0.020 

061 5.011  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

062 4.955  0.098 2.913  0.054 0.1993  0.0026 0.1633  0.0018 1.505  0.021 1.053  0.020 

063 5.005  0.099 2.942  0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

065 4.973  0.098 2.923  0.054 0.2000  0.0026 0.1639  0.0018 1.510  0.021 1.057  0.020 

066 5.030  0.100 2.957  0.055 0.2023  0.0026 0.1657  0.0019 1.528  0.021 1.069  0.020 

067 5.013  0.099 2.947  0.055 0.2017  0.0026 0.1652  0.0019 1.523  0.021 1.066  0.020 

068 5.005  0.099 2.942 0.055 0.2013  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

069 4.966  0.098 2.919  0.054 0.1997  0.0026 0.1636  0.0018 1.508  0.021 1.055  0.020 

070 5.015  0.099 2.948  0.055 0.2018  0.0026 0.1653  0.0019 1.523  0.021 1.066  0.020 

071 4.999  0.099 2.939  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.063  0.020 

072 5.017  0.099 2.950  0.055 0.2018  0.0026 0.1653  0.0019 1.524  0.021 1.067  0.020 

073 5.011  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 
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075 4.998  0.099 2.938  0.055 0.2010  0.0026 0.1647  0.0019 1.518  0.021 1.062  0.020 

076 5.021  0.099 2.952  0.055 0.2020  0.0026 0.1654  0.0019 1.525  0.021 1.067  0.020 

077 4.972  0.098 2.923  0.054 0.2000  0.0026 0.1638  0.0018 1.510  0.021 1.057  0.020 

078 5.024  0.099 2.953  0.055 0.2021  0.0026 0.1655  0.0019 1.526  0.021 1.068  0.020 

079 5.006  0.099 2.943  0.055 0.2014  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 

080 5.001  0.099 2.940  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

081 4.974  0.099 2.924  0.054 0.2001  0.0026 0.1639  0.0018 1.511  0.021 1.057  0.020 

082 5.028  0.099 2.956  0.055 0.2023  0.0026 0.1657  0.0019 1.527  0.021 1.069  0.020 

083 5.020  0.099 2.951  0.055 0.2019  0.0026 0.1654  0.0019 1.525  0.021 1.067  0.020 

084 4.996  0.099 2.937  0.055 0.2010  0.0026 0.1646  0.0019 1.517  0.021 1.062  0.020 

085 4.997  0.099 2.938  0.055 0.2010  0.0026 0.1647  0.0019 1.518  0.021 1.062  0.020 

086 5.027  0.099 2.955  0.055 0.2022  0.0026 0.1656  0.0019 1.527  0.021 1.068  0.020 

087 4.959  0.099 2.915  0.054 0.1995  0.0026 0.1634  0.0018 1.506  0.021 1.054  0.020 

088 5.011  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

089 4.982  0.099 2.929  0.054 0.2004  0.0026 0.1642  0.0018 1.513  0.021 1.059  0.020 

090 5.007  0.099 2.943  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

091 5.024  0.099 2.954  0.055 0.2021  0.0026 0.1655  0.0019 1.526  0.021 1.068  0.020 

092 5.024  0.099 2.954  0.055 0.2021  0.0026 0.1655  0.0019 1.526  0.021 1.068  0.020 

093 5.025  0.099 2.954  0.055 0.2021  0.0026 0.1656  0.0019 1.526  0.021 1.068  0.020 

094 4.991  0.099 2.934  0.055 0.2008  0.0026 0.1644  0.0018 1.516  0.021 1.061  0.020 

095 5.021  0.099 2.952  0.055 0.2020  0.0026 0.1655  0.0019 1.525  0.021 1.067  0.020 

096 5.017  0.099 2.949  0.055 0.2018  0.0026 0.1653  0.0019 1.524  0.021 1.066  0.020 

097 5.017  0.099 2.949  0.055 0.2018  0.0026 0.1653  0.0019 1.524  0.021 1.066  0.020 

098 4.954  0.099 2.913  0.054 0.1993  0.0026 0.1632  0.0018 1.505  0.021 1.053  0.020 

099 5.001  0.099 2.940  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

100 5.018  0.099 2.950  0.055 0.2019  0.0026 0.1653  0.0019 1.524  0.021 1.067  0.020 

101 4.982  0.099 2.929  0.054 0.2004  0.0026 0.1641  0.0018 1.513  0.021 1.059  0.020 

102 5.026  0.100 2.955  0.055 0.2022  0.0026 0.1656  0.0019 1.527  0.021 1.068  0.020 

104 4.991  0.099 2.934  0.055 0.2008  0.0026 0.1645  0.0018 1.516  0.021 1.061  0.020 

105 5.002  0.099 2.941  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

106 4.998  0.099 2.938  0.055 0.2011  0.0026 0.1647  0.0019 1.518  0.021 1.062  0.020 

107 4.992  0.099 2.935  0.055 0.2008  0.0026 0.1645  0.0018 1.516  0.021 1.061  0.020 

108 5.017  0.099 2.949  0.055 0.2018  0.0026 0.1653  0.0019 1.524  0.021 1.066  0.020 

109 5.024  0.099 2.953  0.055 0.2021  0.0026 0.1655  0.0019 1.526  0.021 1.068  0.020 

110 5.007  0.099 2.944  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

111 5.013  0.099 2.947  0.055 0.2016  0.0026 0.1652  0.0019 1.522  0.021 1.065  0.020 

112 5.028  0.100 2.956  0.055 0.2023  0.0026 0.1657  0.0019 1.527  0.021 1.069  0.020 

113 5.009  0.099 2.945  0.055 0.2015  0.0026 0.1650  0.0019 1.521  0.021 1.065  0.020 

114 5.012  0.099 2.947  0.055 0.2016  0.0026 0.1652  0.0019 1.522  0.021 1.065  0.020 

115 5.013  0.099 2.947  0.055 0.2017  0.0026 0.1652  0.0019 1.523  0.021 1.066  0.020 

116 5.012  0.099 2.946  0.055 0.2016  0.0026 0.1651  0.0019 1.522  0.021 1.065  0.020 

117 5.006  0.099 2.943  0.055 0.2014  0.0026 0.1649  0.0019 1.520  0.021 1.064  0.020 
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118 5.002  0.099 2.941  0.055 0.2012  0.0026 0.1648  0.0019 1.519  0.021 1.063  0.020 

119 5.008  0.099 2.944  0.055 0.2015  0.0026 0.1650  0.0019 1.521  0.021 1.065  0.020 

120 5.007  0.099 2.944  0.055 0.2014  0.0026 0.1650  0.0019 1.521  0.021 1.064  0.020 

 

 

 

3. PERFORMANCE CRITERIA 

 
The methodology adopted for this exercise is described in Ref. [7] and was slightly updated from the 

existing IAEA methodology [8]. (i.e., in this exercise a k value of 2.58 instead of 2.56 was used and a 

normalisation factor was introduced to the trueness equation; see Equation 5 below). The scoring system 

took into account the accuracy, precision and trueness of the reported data and included in the evaluation 

both the combined standard uncertainty of the IAEA value and the combined standard uncertainty 

reported by the participating laboratories. The IAEA values, which were used for the data evaluation, 

were the certified values of radionuclides at the reference date. A result must pass three tests to be 

assigned the status ‘Accepted’, otherwise it was assigned the status ‘Warning’ or ‘Not accepted’. 

 

3.1. ACCURACY 
The first step in producing a score for a result ValueAnalyst was the estimation of the bias. The relative 

bias between the Analyst’s value and the IAEA target value was calculated as follows and expressed as 

a percentage: 

 

𝐵𝑖𝑎𝑠relative =
𝑉𝑎𝑙𝑢𝑒Analyst−𝑉𝑎𝑙𝑢𝑒IAEA

𝑉𝑎𝑙𝑢𝑒IAEA
× 100% (1) 

 

The absolute value of the relative bias was compared to the Maximal Accepted Relative Bias (MARB). 

Participants’ results were scored as ‘Pass’ for accuracy when: 

 
|𝐵𝑖𝑎𝑠relative| ≤ MARB (2) 

 

The MARB values used in this evaluation were 20% for 134Cs and 137Cs, 25% for 3H and 90Sr and 30% 

for 89Sr and 155Eu. 

 

3.2. PRECISION AND TRUENESS 
The precision P for each result was calculated according to the following equation: 

 

𝑃 = √(
𝑢𝑛𝑐IAEA

𝑉𝑎𝑙𝑢𝑒IAEA
)

2

+ (
𝑢𝑛𝑐Analyst

𝑉𝑎𝑙𝑢𝑒Analyst
)

2

× 100% (3) 

 

The precision P was compared to the Limit of Accepted Precision (LAP). The participants’ results were 

scored as ‘Pass’ for precision when: 

 

𝑃 ≤ LAP (4) 

 

The LAP values used in this evaluation were 20% for 134Cs and 137Cs, 25% for 3H and 90Sr and 30% for 
89Sr and 155Eu.  

 

The participants’ results for trueness were scored as ‘Pass’ when: 

 

|𝐵𝑖𝑎𝑠relative| ≤
𝑉𝑎𝑙𝑢𝑒Analyst 

𝑉𝑎𝑙𝑢𝑒IAEA
2.58 𝑃 (5) 
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3.3. FINAL EVALUATION 

For the final evaluation, all three scores were combined (see Table 2). The result was considered as 

‘Accepted’ if it passed all three tests. If the accuracy test was failed, the result was considered as 

‘Not accepted’. If the accuracy test was passed but one of the other two tests was failed, the result was 

assigned the ‘Warning’ status. The ‘Warning’ status will reflect cases in which the reported result was 

close enough to the assigned property value, but its associated uncertainty was deemed to be either too 

small or too large.  

 

 
TABLE 2. PERFORMANCE EVALUATION CRITERIA 

Accuracy Precision Trueness Final evaluation 

Pass Pass Pass Accepted 

Pass Fail Pass Warning 

Pass Pass Fail Warning 

Fail Pass/Fail Pass/Fail Not accepted 

 

These evaluation criteria can also be illustrated by plotting the relative bias against the relative 

uncertainty of the participants’ result (see Figure 1). In the illustrated case, a relative uncertainty of 1% 

for the IAEA value is assumed with MARB and LAP limits of 20%.  

 

 
FIG. 1. Visualization of performance evaluation criteria. 

 

The plot consists of six zones (Zone 1 ‘Accepted’; Zones 2, 3 and 4 ‘Warning’; Zones 5 and 6 

‘Not accepted’), whose areas are defined by the three tests used above to evaluate the data. The areas of 

Zones 1, 3 and 4 are finite, while the areas of Zones 2, 5 and 6 are infinite. A result located in Zone 1 

passes all three tests (evaluation ‘Accepted’). A result located in Zone 2 fails only the precision test as 

its associated uncertainty is deemed to be too large (evaluation: ‘Warning’). A result located in Zones 3 

and 4 fails only the trueness test as its associated uncertainty is deemed to be too small (evaluation: 

‘Warning’). A result located in Zones 5 and 6 fails (at least) the accuracy test as its relative bias is larger 

than the MARB (evaluation: ‘Not accepted’). 

 

3.4. COMPARISON OF PARTICIPANTS’ VALUES WITH THE IAEA VALUES 

The means and the uncertainties for the combined participants’ results were calculated according to a 

method developed by Cox (i.e. the weighted mean of the largest consistent subset containing p results) 

[9] and subsequently compared with the IAEA values. The mean of the combined participants’ results, 

ValueCombined, was tested against the IAEA value, ValueIAEA, using this equation: 
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𝑡 =
𝑉𝑎𝑙𝑢𝑒Combined−𝑉𝑎𝑙𝑢𝑒IAEA

√(𝑢𝑛𝑐Combined)2+(𝑢𝑛𝑐IAEA)2
 (6) 

 

The effective degrees of freedom νeff were determined with the Welch-Satterthwaite equation. 

The effective degrees of freedom νeff were rounded and the critical value tcrit for this value was identified.  

 

The criterion for passing the t test was: 

 

|𝑡| < 𝑡crit (7) 

 

If the absolute value of t was greater than the critical value tcrit, this indicates there was a significant 

difference between the combined participants’ results and the IAEA value. 
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4. RESULTS AND DISCUSSION 

 

In total 299 measurement results were reported by 96 laboratories from 51 countries for 3H, 89Sr, 90Sr, 
134Cs, 137Cs and 155Eu. The evaluation of these results showed that 70% of all reported results were 

‘Accepted’, while 19% of the individual measurement results were ‘Not accepted’ with the remaining 

11% having the ‘Warning’ status. The performance evaluation for 3H, 89Sr, 90Sr, 134Cs, 137Cs and 155Eu 

is summarized in Table 3. 

 
TABLE 3. SUMMARY EVALUATION OF THE RADIONUCLIDES REPORTED 

Radionuclide 
Number of 

submitted results 
Accepted Warning Not accepted 

3H 49 36 6 7 

89Sr 15 9 2 4 

90Sr 35 22 2 11 

134Cs 83 56 11 16 

137Cs 91 76 7 8 

155Eu 26 9 5 12 

 

For all radionuclides, no significant bias of the combined participants’ results was observed (see Table 4).  

 
TABLE 4. COMPARISON OF THE COMBINED PARTICIPANTS’ RESULTS WITH THE IAEA VALUE 

Nuclide 

Combined 

participants’ result 

(Bq kg–1) 

IAEA value  

(Bq kg–1) 

Size of the 

LCS* (%) 
t-value 

Critical 

t-value 
Bias (%) 

3H 5.050  0.326 5.005  0.099 38 (78%) 1.36 2.01 1.3 

89Sr 2.800 0.233 2.942  0.055 3 (20%) -1.78 2.03 -13.9 

90Sr 0.202  0.015 0.201  0.003 25 (71%) -0.65 2.01 -1.4 

134Cs 0.160  0.013 0.165  0.002 73 (88%) -0.46 1.99 -5.6 

137Cs 1.518  0.064 1.520  0.021 73 (80%) 0.96 1.99 1.8 

*Size of the LCS (largest consistent subset) denotes the percentage of the returned results contributing to combined 

participants’ results 
 

For 3H, 89Sr, 90Sr and 137Cs approximately half of the participants’ results demonstrated a negative bias 

(45%, 53%, 51% and 52% of the results, respectively), while for 134Cs 54 out of 83 participants’ results 

(65% of the results) showed a negative bias. In the previous proficiency test exercises 134Cs has also 

been challenging to quantify mainly due to coincidence summing being problematic for 134Cs as it leads 

to signal loss and hence underestimation of the activity levels for this radionuclide. It is evident from 

the results that some participants haven’t made a sufficient correction for coincidence summing. Further 

details on the summary data evaluation sorted by sample number are given in Table 5. 
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TABLE 5. SUMMARY EVALUATION  

Sample number 3H 89Sr 90Sr 134Cs 137Cs 

S19N003     NA 

S19N004 A A A NA A 

S19N005 W W A A A 

S19N006 NA A A A A 

S19N007    NA NA 

S19N008 NA  A W A 

S19N009 W  NA NA A 

S19N010    A A 

S19N011 NA   NA A 

S19N012    NA A 

S19N013    A A 

S19N014 A   A A 

S19N015 A   A A 

S19N016 A   A A 

S19N017    A A 

S19N018 A   W NA 

S19N019 A NA NA A A 

S19N020     NA 

S19N023    A A 

S19N024    NA A 

S19N025 A  A A A 

S19N026    NA A 

S19N027 A   A A 

S19N028    W A 

S19N030   NA A A 

S19N031 A  W A A 

S19N032    A A 

S19N033 W  W  A 

S19N034 A  A A A 

S19N035    W W 

S19N036 A NA NA A A 

S19N037    NA NA 

S19N038 A NA A NA A 

S19N039 A NA A W W 

S19N041 A  NA A A 

S19N042     A 

S19N043 A   A A 

S19N044    A A 
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TABLE 5. SUMMARY EVALUATION (cont.) 

Lab code 3H 89Sr 90Sr 134Cs 137Cs 

S19N045    A A 

S19N046 A     

S19N047    NA A 

S19N048    W A 

S19N049 NA  NA A W 

S19N050    A A 

S19N051   A   

S19N052      

S19N053 A  NA A A 

S19N054 A  A A A 

S19N055 A A A A A 

S19N056 A   A A 

S19N057 A A A A A 

S19N058    A A 

S19N059    A A 

S19N060 A  A A A 

S19N061    A A 

S19N062 W NA A A A 

S19N065 A A NA A A 

S19N066 NA   W A 

S19N067   A A A 

S19N068    A A 

S19N069    NA A 

S19N070 A A NA A A 

S19N071 A   A A 

S19N072    A A 

S19N073 A  A A A 

S19N075    A A 

S19N076 A A A A A 

S19N077     A 

S19N078    A A 

S19N079   NA NA W 

S19N080 A     

S19N082 A A A   

S19N083 A W A W A 

S19N085 A   A A 

S19N086    W W 

S19N088    NA W 
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S19N089 NA   A W 

S19N090 W A NA NA NA 

S19N094    A A 

S19N096    NA A 

S19N097     NA 

S19N098 A   A A 

S19N099 W  A A A 

S19N101 A   A A 

S19N105 A  A A A 

S19N107 NA    A 

S19N108 A  A A A 

S19N110    A A 

S19N111 A   A A 

S19N112    W A 

S19N113    NA A 

S19N115    A A 

S19N116      

S19N117     A 

S19N118    A A 

S19N119    NA A 

A indicates ‘Accepted’, W indicates ‘Warning’ and NA indicates ‘Not accepted’ 

 

The performance evaluation sorted by radionuclide and the bias plots are presented in Appendix I 

(see Tables 6–10 and Figures 2–6). In the bias plots, the ‘Accepted’ results are represented by dark blue 

points. ‘Warning’ and ‘Not accepted’ results are represented by the yellow and red points, respectively. 

The error bars represent the standard uncertainties of the bias (with a coverage factor of k = 1). The 

dotted lines represent a relative bias of  20% (Maximum Accepted Bias for 134Cs and 137Cs),  25% 

(Maximum Accepted Bias for 3H and 90Sr) or  25% (Maximum Accepted Bias for 89Sr). The 

performance evaluation sorted by laboratory code is presented in Appendix II. All laboratories reported 

their values with standard uncertainties (k = 1). However, a large spread in the submitted uncertainties 

was observed with relative uncertainties (at k = 1) ranging from 0.8% to 30.3% for 3H, from 1.7% to 

28.5% for 89Sr, from 2.2% to 36.5% for 90Sr, from 3.2% to 92.2% for 134Cs and from 0.4% to 47.2% for 
137Cs. However, most reported relative uncertainties were in the range of 5% – 15% (3H and 89Sr), 5% – 

10% (90Sr) and 3% – 10% (134Cs and 137Cs). 

For 3H, practically all participants performed a distillation of the sea water samples, followed by liquid 

scintillation counting (LSC). Nine participants (samples S19N014, S19N053, S19N065, S19N071, 

S19N076, S19N080, S19N082, S19N098 and S19N105) performed electrolytic enrichment after 

distillation (and obtained very good results with small uncertainties of less than 8% at k = 1). The direct 

measurements after distillation yielded slightly larger uncertainties generally between 5% and 25%. 

For 90Sr, the large majority of participants used gas-flow proportional counting (GPC) of chemically 

separated 90Y as the analysis technique, except nine participants (samples S19N004, S19N006, S19N019, 

S19N036, S19N049, S19N055, S19N067, S19N070 and S19N079) who used LSC/Cherenkov counting. 

Chemical separation techniques used included precipitations of Sr-oxalate, Sr-phosphate or Sr-carbonate, 

barium chromate precipitations, iron hydroxide precipitation, nitric acid precipitations, cation-exchange 

chromatography, Sr-extraction chromatography and direct liquid-liquid extraction of 90Y with HDEHP 

(di-(2-ethylhexyl)phosphoric acid). No significant difference between the performances of the chemical 

separation techniques is apparent. 
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For 89Sr analysis, the chemical separation techniques used included precipitations of Sr-oxalate, Sr-

phosphate or Sr-carbonate, barium chromate precipitations, iron hydroxide precipitation, nitric acid 

precipitations, cation-exchange chromatography, Sr-extraction chromatography. Approximately half of 

the submitted results were obtained with beta-counters and the other half by liquid scintillation counting. 

No significant difference in the performance between the two techniques is apparent. 

For 134Cs and 137Cs, most participants have measured the sea water samples directly with gamma 

spectrometry, while the remaining laboratories either used a pre-concentration technique (e.g. 

adsorption on ammonium molybdophosphate (AMP), MnO2 or Ni/Cu cyanoferrate) to separate the 

caesium radionuclides from the sea water matrix followed by gamma spectrometry (samples S19N009, 

S19N023, S19N027, S19N038, S19N039, S19N043, S19N045, S19N049, S19N057, S19N060, 

S19N061, S19N070, S19N076, S19N078, S19N086, S19N088, S19N090, S19N099, S19N105 and 

S19N110), evaporation of the sample followed by gamma spectrometry (samples S19N013, S19N014, 

S19N015, S19N034, S19N056, S19N089) or used a combination of techniques. No significant 

difference in the performance between the techniques is apparent. 
 



 

APPENDIX I. PERFORMANCE EVALUATION TABLES SORTED BY RADIONUCLIDE 
 

TABLE 6. EVALUATION RESULTS FOR 3H 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N003 – – 5.012 0.099 – – – – – Not reported 

S19N004 5.300 0.500 5.018 0.099 5.6 9.6 Pass Pass Pass Accepted 

S19N005 5.480 0.124 5.001 0.099 9.6 3.0 Pass Pass Fail Warning 

S19N006 6.352 0.492 5.000 0.099 27.0 8.0 Fail Pass Fail Not accepted 

S19N007 – – 5.015 0.099 – – – – – Not reported 

S19N008 3.230 0.326 5.001 0.099 -35.4 10.3 Fail Pass Fail Not accepted 

S19N009 5.322 0.043 5.013 0.099 6.2 2.1 Pass Pass Fail Warning 

S19N010 – – 4.991 0.099 – – – – – Not reported 

S19N011 7.240 1.040 4.990 0.099 4 5.0 Fail Pass Pass Not accepted 

S19N012 – – 5.005 0.099 – – – – – Not reported 

S19N013 – – 5.004 0.06 – – – – – Not reported 

S19N014 5.230 0.284 5.006 0.099 4.5 5.8 Pass Pass Pass Accepted 

S19N015 4.220 0.730 5.008 0.099 -15.7 17.4 Pass Pass Pass Accepted 

S19N016 5.600 0.570 5.011 0.099 11.8 10.4 Pass Pass Pass Accepted 

S19N017 – – 5.002 0.099 – – – – – Not reported 

S19N018 5.501 0.772 5.007 0.099 9.9 14.2 Pass Pass Pass Accepted 

S19N019 6.113 0.612 4.998 0.099 22.3 10.2 – – – Not reported 

S19N020 – – 5.012 0.099 – – – – – Not reported 



 

 

TABLE 6. EVALUATION RESULTS FOR 3H (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N023 – – 4.993 0.099 – – – – – Not reported 

S19N024 – – 5.017 0.099 – – – – – Not reported 

S19N025 6.169 0.527 4.982 0.099 23.8 8.8 Pass Pass Pass Accepted 

S19N026 – – 4.994 0.099 – – – – – Not reported 

S19N027 4.503 0.525 5.008 0.099 -10.1 11.8 Pass Pass Pass Accepted 

S19N028 – – 4.999 0.099 – – – – – Not reported 

S19N030 – – 5.009 0.099 – – – – – Not reported 

S19N031 5.620 0.270 4.994 0.099 12.5 5.2 Pass Pass Pass Accepted 

S19N032 – – 4.999 0.099 – – – – – Not reported 

S19N033 4.000 1.333 5.020 0.099 -20.3 33.4 Pass Fail Pass Warning 

S19N034 4.920 0.451 5.012 0.099 -1.8 9.4 Pass Pass Pass Accepted 

S19N035 – – 5.015 0.099 – – – – – Not reported 

S19N036 4.050 0.480 5.022 0.099 -19.4 12.0 Pass Pass Pass Accepted 

S19N037 – – 5.010 0.099 – – – – – Not reported 

S19N038 5.050 0.100 5.019 0.099 6 3.7 Pass Pass Pass Accepted 

S19N039 4.930 0.130 5.003 0.099 -1.5 3.3 Pass Pass Pass Accepted 

S19N041 4.710 0.460 4.999 0.099 -5.8 10 Pass Pass Pass Accepted 

S19N042 – – 5.011 0.099 – – – – – Not reported 

S19N043 5.530 0.283 4.998 0.099 10.9 5.5 Pass Pass Pass Accept 

 



 

TABLE 6. EVALUATION RESULTS FOR 3H (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N044 – – 5.007 0.099 – – – – – Not reported 

S19N045 – – 5.011 0.099 – – – – – Not reported 

S19N046 4.980 0.350 5.001 0.099 -0.4 7.3 Pass Pass Pass Accepted 

S19N047 – – 5.016 0.099 – – – – – Not reported 

S19N048 – – 4.999 0.099 – – – – – Not reported 

S19N049 0.013 0.002 4.985 0.099 -99.7 11.7 Fail Pass Fail Not accepted 

S19N050 – – 5.007 0.099 – – – – – Not reported 

S19N051 – – 4.997 0.099 – – – – – Not reported 

S19N052 – – 4.990 0.099 – – – – – Not reported 

S19N053 5.380 0.530 5.004 0.099 7.5 10.0 Pass Pass Pass Accepted 

S19N054 5.360 0.400 4.986 0.099 7.5 7.7 Pass Pass Pass Accepted 

S19N055 4.770 0.670 4.985 0.099 -4.3 14.2 Pass Pass Pass Accepted 

S19N056 4.200 0.500 4.981 0.099 -15.7 12.1 Pass Pass Pass Accepted 

S19N057 5.000 0.270 4.984 0.099 0.3 5.8 Pass Pass Pass Accepted 

S19N058 – – 5.004 0.099 – – – – – Not reported 

S19N059 – – 5.035 0.100 – – – – – Not reported 

S19N060 4.910 0.370 5.042 0.100 -2.6 7.8 Pass Pass Pass Accepted 

S19N061 – – 5.011 0.099 – – – – – Not reported 

 



 

 

    TABLE 6. EVALUATION RESULTS FOR 3H (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N062 5.724 0.157 4.955 0.098 15.5 3.4 Pass Pass Fail Warning 

S19N065 4.650 0.180 4.973 0.098 -6.5 4.3 Pass Pass Pass Accepted 

S19N066 8.100 0.900 5.030 0.100 61 11.3 Fail Pass Fail Not accepted 

S19N067 – – 5.013 0.099 – – – – – Not reported 

S19N068 – – 5.005 0.099 – – – – – Not reported 

S19N069 – – 4.966 0.098 – – – – – Not reported 

S19N070 4.300 0.800 5.015 0.099 -14.3 18.7 Pass Pass Pass Accepted 

S19N071 5.140 0.260 4.999 0.099 2.8 5.4 Pass Pass Pass Accepted 

S19N072 – – 5.017 0.099 – – – – – Not reported 

S19N073 5.007 0.290 5.011 0.099 -0.1 6.1 Pass Pass Pass Accepted 

S19N075 – – 4.998 0.099 – – – – – Not reported 

S19N076 5.410 0.180 5.021 0.099 7.7 3.9 Pass Pass Pass Accepted 

S19N077 – – 4.972 0.098 – – – – – Not reported 

S19N078 – – 5.024 0.099 – – – – – Not reported 

S19N079 – – 5.006 0.099 – – – – – Not reported 

S19N080 5.130 0.110 5.001 0.099 2.6 2.9 Pass Pass Pass Accepted 

S19N082 4.900 0.300 5.028 0.100 -2.6 6.4 Pass Pass Pass Accepted 

S19N083 5.050 0.207 5.020 0.099 0.6 4.5 Pass Pass Pass Accepted 

S19N085 7.740 1.056 4.997 0.099 -5.1 22.4 Pass Pass Pass Accepted 

 



 

    TABLE 6. EVALUATION RESULTS FOR 3H (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N086 – – 5.027 0.100 – – – – – Not reported 

S19N088 – – 5.011 0.099 – – – – – Not reported 

S19N089 3.140 0.105 4.982 0.099 -37.0 3.9 Fail Pass Fail Not accepted 

S19N090 5.450 0.122 5.007 0.099 8.9 3.0 Pass Pass Fail Warning 

S19N094 – – 4.991 0.099 – – – – – Not reported 

S19N096 – – 5.017 0.098 – – – – – Not reported 

S19N097 – – 5.017 0.099 – – – – – Not reported 

S19N098 4.881 0.201 4.954 0.098 -1.5 4.6 Pass Pass Pass Accepted 

S19N099 4.638 0.104 5.001 0.099 -7.3 3.0 Pass Pass Fail Warning 

S19N101 5.064 0.141 4.982 0.099 1.7 3.4 Pass Pass Pass Accepted 

S19N105 5.200 0.260 5.002 0.099 4.0 5.4 Pass Pass Pass Accepted 

S19N107 16.500 2.080 4.992 0.099 230.5 12.8 Fail Pass Fail Not accepted 

S19N108 5.456 0.307 5.017 0.099 8.8 6.0 Pass Pass Pass Accepted 

S19N110 – – 5.007 0.099 – – – – – Not reported 

S19N111 4.925 0.406 5.013 0.099 -1.7 8.5 Pass Pass Pass Accepted 

S19N112 – – 5.028 0.100 – – – – – Not reported 

S19N113 – – 5.009 0.099 – – – – – Not reported 

S19N115 – – 5.013 0.099 – – – – – Not reported 

S19N116 – – 5.012 0.099 – – – – – Not reported 

 



 

 

    TABLE 6. EVALUATION RESULTS FOR 3H (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N117 – – 5.006 0.099 – – – – – Not reported 

S19N118 – – 5.002 0.099 – – – – – Not reported 

S19N119 – – 5.008 0.099 – – – – – Not reported 

 

  



 

TABLE 7. EVALUATION RESULTS FOR 89Sr 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N003 – – 2.947 0.055 – – – – – Not reported 

S19N004 3.378 0.901 2.950 0.055 14.5 26.7 Pass Pass Pass Accepted 

S19N005 3.550 0.062 2.940 0.055 20.8 2.6 Pass Pass Fail Warning 

S19N006 3.201 0.557 2.939 0.055 8.9 17.5 Pass Pass Pass Accepted 

S19N007 – – 2.948 0.055 – – – – – Not reported 

S19N008 – – 2.940 0.055 – – – – – Not reported 

S19N009 – – 2.947 0.055 – – – – – Not reported 

S19N010 – – 2.934 0.055 – – – – – Not reported 

S19N011 – – 2.933 0.055 – – – – – Not reported 

S19N012 – – 2.942 0.055 – – – – – Not reported 

S19N013 – – 2.942 0.055 – – – – – Not reported 

S19N014 – – 2.943 0.055 – – – – – Not reported 

S19N015 – – 2.944 0.055 – – – – – Not reported 

S19N016 – – 2.946 0.055 – – – – – Not reported 

S19N017 – – 2.940 0.055 – – – – – Not reported 

S19N018 – – 2.944 0.055 – – – – – Not reported 

S19N019 14.772 4.210 2.938 0.055 402.7 28.6 Fail Pass Fail Not accepted 

S19N020 – – 2.947 0.055 – – – – – Not reported 

S19N023 – – 2.935 0.055 – – – – – Not reported 
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TABLE 7. EVALUATION RESULTS FOR 89Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N024 – – 2.949 0.055 – – – – – Not reported 

S19N025 – – 2.929 0.055 – – – – – Not reported 

S19N026 – – 2.936 0.055 – – – – – Not reported 

S19N027 – – 2.944 0.055 – – – – – Not reported 

S19N028 – – 2.939 0.055 – – – – – Not reported 

S19N030 – – 2.945 0.055 – – – – – Not reported 

S19N031 – – 2.936 0.055 – – – – – Not reported 

S19N032 – – 2.939 0.055 – – – – – Not reported 

S19N033 – – 2.951 0.055 – – – – – Not reported 

S19N034 – – 2.947 0.055 – – – – – Not reported 

S19N035 – – 2.948 0.055 – – – – – Not reported 

S19N036 0.830 0.090 2.953 0.055 -71.9 11 Fail Pass Fail Not accepted 

S19N037 – – 2.945 0.055 – – – – – Not reported 

S19N038 1.840 0.043 2.950 0.055 -37.6 3.0 Fail Pass Fail Not accepted 

S19N039 – – 2.941 0.055 – – – – – Not reported 

S19N041 – – 2.939 0.055 – – – – – Not reported 

S19N042 – – 2.946 0.055 – – – – – Not reported 

S19N043 – – 2.932 0.055 – – – – – Not reported 

S19N044 – – 2.944 0.055 – – – – – Not reported 
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TABLE 7. EVALUATION RESULTS FOR 89Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N045 – – 2.946 0.055 – – – – – Not reported 

S19N046 – – 2.940 0.055 – – – – – Not reported 

S19N047 – – 2.949 0.055 – – – – – Not reported 

S19N048 – – 2.939 0.055 – – – – – Not reported 

S19N049 – – 2.931 0.055 – – – – – Not reported 

S19N050 – – 2.944 0.055 – – – – – Not reported 

S19N051 – – 2.937 0.055 – – – – – Not reported 

S19N052 – – 2.933 0.055 – – – – – Not reported 

S19N053 – – 2.942 0.055 – – – – – Not reported 

S19N054 – – 2.931 0.055 – – – – – Not reported 

S19N055 2.590 0.270 2.931 0.055 -11.6 10.6 Pass Pass Pass Accepted 

S19N056 – – 2.928 0.054 – – – – – Not reported 

S19N057 2.780 0.190 2.930 0.054 -5.1 7.1 Pass Pass Pass Accepted 

S19N058 – – 2.942 0.055 – – – – – Not reported 

S19N059 – – 2.960 0.055 – – – – – Not reported 

S19N060 – – 2.964 0.055 – – – – – Not reported 

S19N061 – – 2.946 0.055 – – – – – Not reported 

S19N062 – – 2.913 0.054 – – – – – Not reported 

S19N065 3.740 0.350 2.923 0.054 27.9 9.5 Pass Pass Pass Accepted 
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TABLE 7. EVALUATION RESULTS FOR 89Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N066 – – 2.957 0.055 – – – – – Not reported 

S19N067 – – 2.947 0.055 – – – – – Not reported 

S19N068 – – 2.942 0.055 – – – – – Not reported 

S19N069 – – 2.919 0.055 – – – – – Not reported 

S19N070 2.100 0.500 2.948 0.055 -28.8 23.9 Pass Pass Pass Accepted 

S19N071 – – 2.939 0.055 – – – – – Not reported 

S19N072 – – 2.950 0.055 – – – – – Not reported 

S19N073 – – 2.946 0.055 – – – – – Not reported 

S19N075 – – 2.938 0.055 – – – – – Not reported 

S19N076 3.050 0.233 2.952 0.055 3.3 7.9 Pass Pass Pass Accepted 

S19N077 – – 2.923 0.054 – – – – – Not reported 

S19N078 – – 2.953 0.055 – – – – – Not reported 

S19N079 – – 2.943 0.055 – – – – – Not reported 

S19N080 – – 2.940 0.055 – – – – – Not reported 

S19N082 2.800 0.200 2.956 0.055 -5.3 7.4 Pass Pass Pass Accepted 

S19N083 2.400 0.110 2.951 0.055 -18.7 4.9 Pass Pass Fail Warning 

S19N085 – – 2.938 0.055 – – – – – Not reported 
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TABLE 7. EVALUATION RESULTS FOR 89Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N086 – – 2.955 0.055 – – – – – Not reported 

S19N088 – – 2.946 0.055 – – – – – Not reported 

S19N089 – – 2.929 0.054 – – – – – Not reported 

S19N090 2.496 0.314 2.943 0.055 -15.2 12.7 Pass Pass Pass Accepted 

S19N094 – – 2.934 0.055 – – – – – Not reported 

S19N096 – – 2.949 0.055 – – – – – Not reported 

S19N097 – – 2.949 0.055 – – – – – Not reported 

S19N098 – – 2.913 0.054 – – – – – Not reported 

S19N099 – – 2.940 0.055 – – – – – Not reported 

S19N101 – – 2.929 0.054 – – – – – Not reported 

S19N105 – – 2.941 0.055 – – – – – Not reported 

S19N107 – – 2.935 0.055 – – – – – Not reported 

S19N108 – – 2.949 0.055 – – – – – Not reported 

S19N110 – – 2.944 0.055 – – – – – Not reported 

S19N111 – – 2.947 0.055 – – – – – Not reported 

S19N112 – – 2.956 0.055 – – – – – Not reported 

S19N113 – – 2.945 0.055 – – – – – Not reported 
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TABLE 7. EVALUATION RESULTS FOR 89Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N115 – – 2.947 0.055 – – – – – Not reported 

S19N116 – – 2.946 0.055 – – – – – Not reported 

S19N117 – – 2.943 0.055 – – – – – Not reported 

S19N118 – – 2.941 0.055 – – – – – Not reported 

S19N119 – – 2.944 0.055 – – – – – Not reported 
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TABLE 8. EVALUATION RESULTS FOR 90Sr 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N003 – – 0.202 0.003 – – – – – Not reported 

S19N004 0.210 0.030 0.202 0.003 4.0 14.1 Pass Pass Pass Accepted 

S19N005 0.160 0.028 0.201 0.003 -20.5 17.5 Pass Pass Pass Accepted 

S19N006 0.199 0.035 0.201 0.003 -1.3 17.4 Pass Pass Pass Accepted 

S19N007 – – 0.202 0.003 – – – – – Not reported 

S19N008 0.240 0.015 0.201 0.003 19.2 6.4 Pass Pass Pass Accepted 

S19N009 0.066 0.007 0.202 0.003 -67.3 10.1 Fail Pass Fail Not accepted 

S19N010 – – 0.201 0.003 – – – – – Not reported 

S19N011 – – 0.201 0.003 – – – – – Not reported 

S19N012 – – 0.201 0.003 – – – – – Not reported 

S19N013 – – 0.201 0.003 – – – – – Not reported 

S19N014 – – 0.201 0.003 – – – – – Not reported 

S19N015 – – 0.201 0.003 – – – – – Not reported 

S19N016 – – 0.202 0.003 – – – – – Not reported 

S19N017 – – 0.201 0.003 – – – – – Not reported 

S19N018 – – 0.201 0.003 – – – – – Not reported 

S19N019 0.262 0.096 0.201 0.003 30.3 36.6 Fail Fail Pass Not accepted 

S19N020 – – 0.202 0.003 – – – – – Not reported 

S19N023 – – 0.201 0.003 – – – – – Not reported 
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TABLE 8. EVALUATION RESULTS FOR 90Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N024 – – 0.202 0.003 – – – – – Not reported 

S19N025 0.202 0.011 0.200 0.003 1.0 5.8 Pass Pass Pass Accepted 

S19N026 – – 0.201 0.003 – – – – – Not reported 

S19N027 – – 0.201 0.003 – – – – – Not reported 

S19N028 – – 0.201 0.003 – – – – – Not reported 

S19N030 0.120 0.015 0.201 0.003 -40.6 12.6 Fail Pass Fail Not accepted 

S19N031 0.224 0.005 0.201 0.003 11.5 2.6 Pass Pass Pass Accepted 

S19N032 – – 0.201 0.003 – – – – – Not reported 

S19N033 0.183 0.005 0.202 0.003 -9.4 3.0 Pass Pass Fail Warning 

S19N034 0.189 0.009 0.202 0.003 -6.3 5.1 Pass Pass Pass Accepted 

S19N035 – – 0.202 0.003 – – – – – Not reported 

S19N036 0.270 0.030 0.202 0.003 33.6 11.2 Fail Pass Pass Not accepted 

S19N037 – – 0.202 0.003 – – – – – Not reported 

S19N038 0.207 0.046 0.202 0.003 2.5 22.3 Pass Pass Pass Accepted 

S19N039 0.214 0.011 0.201 0.003 6.3 5.3 Pass Pass Pass Accepted 

S19N041 0.420 0.042 0.201 0.003 108.8 10.1 Fail Pass Fail Not accepted 

S19N042 – – 0.202 0.003 – – – – – Not reported 

S19N043 – – 0.201 0.003 – – – – – Not reported 

S19N044 – – 0.201 0.003 – – – – – Not reported 
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TABLE 8. EVALUATION RESULTS FOR 90Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N045 – – 0.202 0.003 – – – – – Not reported 

S19N046 – – 0.201 0.003 – – – – – Not reported 

S19N047 – – 0.202 0.003 – – – – – Not reported 

S19N048 – – 0.201 0.003 – – – – – Not reported 

S19N049 0.095 0.006 0.201 0.003 -52.5 6.7 Fail Pass Fail Not accepted 

S19N050 – – 0.201 0.003 – – – – – Not reported 

S19N051 0.190 0.013 0.201 0.003 -5.5 7.0 Pass Pass Pass Accepted 

S19N052 – – 0.201 0.003 – – – – – Not reported 

S19N053 0.508 0.050 0.201 0.003 152.4 10.0 Fail Pass Fail Not accepted 

S19N054 0.180 0.012 0.201 0.003 -10.2 6.8 Pass Pass Pass Accepted 

S19N055 0.230 0.030 0.201 0.003 14.7 13.1 Pass Pass Pass Accpeted 

S19N056 – – 0.200 0.003 – – – – – Not reported 

S19N057 0.196 0.015 0.200 0.003 -2.2 7.8 Pass Pass Pass Accepted 

S19N058 – – 0.201 0.003 – – – – – Not reported 

S19N059 – – 0.203 0.003 – – – – – Not reported 

S19N060 0.224 0.020 0.203 0.003 10.4 9.0 Pass Pass Pass Accepted 

S19N061 – – 0.202 0.003 – – – – – Not reported 

S19N062 0.183 0.012 0.199 0.003 -8.2 6.4 Pass Pass Pass Accepted 

S19N065 0.148 0.023 0.200 0.003 -26.3 15.6 Fail Pass Pass Not accepted 
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TABLE 8. EVALUATION RESULTS FOR 90Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N066 – – 0.202 0.003 – – – – – Not reported 

S19N067 0.170 0.020 0.202 0.003 -15.7 11.8 Pass Pass Pass Accepted 

S19N068 – – 0.201 0.003 – – – – – Not reported 

S19N069 – – 0.200 0.003 – – – – – Not reported 

S19N070 0.120 0.040 0.202 0.003 -40.5 33.4 Fail Fail Pass Not accepted 

S19N071 – – 0.201 0.003 – – – – – Not reported 

S19N072 – – 0.202 0.003 – – – – – Not reported 

S19N073 0.205 0.013 0.202 0.003 1.7 6.6 Pass Pass Pass Accepted 

S19N075 – – 0.201 0.003 – – – – – Not reported 

S19N076 0.216 0.017 0.202 0.003 7.0 8.1 Pass Pass Pass Accepted 

S19N077 – – 0.200 0.003 – – – – – Not reported 

S19N078 – – 0.202 0.003 – – – – – Not reported 

S19N079 3.400 0.500 0.201 0.003 1588.5 14.8 Fail Pass Fail Not accepted 

S19N080 – – 0.201 0.003 – – – – – Not reported 

S19N082 0.200 0.020 0.202 0.003 -1.1 10.1 Pass Pass Pass Accepted 

S19N083 0.210 0.008 0.202 0.003 4.0 3.9 Pass Pass Pass Accepted 

S19N085 – – 0.201 0.003 – – – – – Not reported 
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TABLE 8. EVALUATION RESULTS FOR 90Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N086 – – 0.202 0.003 – – – – – Not reported 

S19N088 – – 0.202 0.003 – – – – – Not reported 

S19N089 – – 0.200 0.003 – – – – – Not reported 

S19N090 0.148 0.013 0.201 0.003 -26.5 8.7 Fail Pass Fail Not accepted 

S19N094 – – 0.201 0.003 – – – – – Not reported 

S19N096 – – 0.202 0.003 – – – – – Not reported 

S19N097 – – 0.202 0.003 – – – – – Not reported 

S19N098 – – 0.199 0.003 – – – – – Not reported 

S19N099 0.213 0.015 0.201 0.003 5.9 7.1 Pass Pass Pass Accepted 

S19N101 – – 0.200 0.003 – – – – – Not reported 

S19N105 0.203 0.012 0.201 0.003 0.9 6.0 Pass Pass Pass Accepted 

S19N107 – – 0.201 0.003 – – – – – Not reported 

S19N108 0.190 0.011 0.202 0.003 -6.0 6.0 Pass Pass Pass Accepted 

S19N110 – – 0.201 0.003 – – – – – Not reported 

S19N111 – – 0.202 0.003 – – – – – Not reported 

S19N112 – – 0.202 0.003 – – – – – Not reported 

S19N113 – – 0.201 0.003 – – – – – Not reported 
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TABLE 8. EVALUATION RESULTS FOR 90Sr (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N115 – – 0.202 0.003 – – – – – Not reported 

S19N116 – – 0.202 0.003 – – – – – Not reported 

S19N117 – – 0.201 0.003 – – – – – Not reported 

S19N118 – – 0.201 0.003 – – – – – Not reported 

S19N119 – – 0.201 0.003 – – – – – Not reported 
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TABLE 9. EVALUATION RESULTS FOR 134Cs 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N003 – – 0.165 0.002 – – – – – Not reported 

S19N004 0.132 0.012 0.165 0.002 -20.2 9.2 Pass Pass Pass Accepted 

S19N005 0.145 0.013 0.165 0.002 -12.0 8.8 Pass Pass Pass Accepted 

S19N006 0.182 0.017 0.165 0.002 10.5 9.4 Pass Pass Pass Accepted 

S19N007 0.257 0.048 0.165 0.002 55.7 18.7 Fail Pass Pass Not accepted 

S19N008 0.135 0.028 0.165 0.002 -18.0 20.7 Pass Fail Pass Warning 

S19N009 0.103 0.011 0.165 0.002 -37.6 10.7 Fail Pass Fail Not accepted 

S19N010 0.163 0.018 0.164 0.002 -0.6 11.3 Pass Pass Pass Accepted 

S19N011 0.200 0.020 0.164 0.002 21.6 10.1 Fail Pass Pass Not accepted 

S19N012 0.130 0.013 0.165 0.002 -21.2 10.1 Fail Pass Fail Not accepted 

S19N013 0.155 0.017 0.165 0.002 -6.2 11.2 Pass Pass Pass Accpeted 

S19N014 0.162 0.009 0.165 0.002 -1.8 5.7 Pass Pass Pass Accepted 

S19N015 0.180 0.012 0.165 0.002 9.1 6.8 Pass Pass Pass Accepted 

S19N016 0.191 0.032 0.165 0.002 15.9 16.9 Pass Pass Pass Accepted 

S19N017 0.155 0.010 0.165 0.002 -5.9 6.5 Pass Pass Pass Accepted 

S19N018 0.157 0.040 0.165 0.002 -4.8 25.5 Pass Fail Pass Warning 

S19N019 0.170 0.019 0.165 0.002 3.2 11.2 Pass Pass Pass Accepted 

S19N020 – – 0.165 0.002 – – – – – Not reported 

S19N023 0.154 0.013 0.165 0.002 -6.4 8.6 Pass Pass Pass Accepted 



 

 

 

TABLE 9. EVALUATION RESULTS FOR 134Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N024 0.120 0.030 0.165 0.002 -27.4 25.0 Fail Fail Pass Not Accepted 

S19N025 0.163 0.011 0.164 0.002 -0.7 7.0 Pass Pass Pass Accepted 

S19N026 0.241 0.017 0.165 0.002 46.3 7.1 Fail Pass Fail Not accepted 

S19N027 0.163 0.016 0.165 0.002 -1.2 9.9 Pass Pass Pass Accepted 

S19N028 0.149 0.031 0.165 0.002 -9.5 20.8 Pass Fail Pass Warning 

S19N030 0.174 0.020 0.165 0.002 5.1 11.4 Pass Pass Pass Accepted 

S19N031 0.153 0.008 0.165 0.002 -7.0 5.3 Pass Pass Pass Accepted 

S19N032 0.170 0.030 0.165 0.002 3.2 17.7 Pass Pass Pass Accepted 

S19N033 – – 0.165 0.002 – – – – – Not reported 

S19N034 0.147 0.011 0.165 0.002 -11.0 7.6 Pass Pass Pass Accepted 

S19N035 0.170 0.070 0.165 0.002 3.0 40.9 Pass Fail Pass Warning 

S19N036 0.180 0.020 0.165 0.002 8.8 11.2 Pass Pass Pass Accepted 

S19N037 0.081 0.075 0.165 0.002 -50.7 92.2 Fail Fail Pass Not accepted 

S19N038 0.131 0.011 0.165 0.002 -20.8 8.2 Fail Pass Fail Not accepted 

S19N039 0.139 0.007 0.165 0.002 -15.7 5.1 Pass Pass Fail Warning 

S19N041 0.143 0.009 0.165 0.002 -13.2 6.4 Pass Pass Pass Accepted 

S19N042 – – 0.165 0.002 – – – – – Not reported 

S19N043 0.152 0.008 0.164 0.002 -7.3 5.1 Pass Pass Pass Accepted 

S19N044 0.150 0.012 0.165 0.002 -4.8 2.7 Pass Pass Pass Accepted 

2
3

 
2
4

9
 



 

TABLE 9. EVALUATION RESULTS FOR 134Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N045 0.164 0.010 0.165 0.002 -0.7 6.2 Pass Pass Pass Accepted 

S19N046 – – 0.165 0.002 – – – – – Not reported 

S19N047 0.230 0.008 0.165 0.002 39.4 3.6 Fail Pass Fail Not accepted 

S19N048 0.163 0.038 0.165 0.002 -1.0 23.3 Pass Fail Pass Warning 

S19N049 0.136 0.012 0.164 0.002 -17.1 8.9 Pass Pass Pass Accepted 

S19N050 0.179 0.012 0.165 0.002 8.5 6.8 Pass Pass Pass Accepted 

S19N051 – – 0.165 0.002 – – – – – Not reported 

S19N052 – – 0.164 0.002 – – – – – Not reported 

S19N053 0.176 0.012 0.165 0.002 6.7 6.9 Pass Pass Pass Accepted 

S19N054 0.168 0.015 0.164 0.002 2.3 9.0 Pass Pass Pass Accepted 

S19N055 0.140 0.010 0.164 0.002 -14.8 7.2 Pass Pass Pass Accepted 

S19N056 0.168 0.017 0.164 0.002 2.4 10.2 Pass Pass Pass Accepted 

S19N057 0.160 0.009 0.164 0.002 -2.6 5.7 Pass Pass Pass Accepted 

S19N058 0.170 0.20 0.165 0.002 3.1 11.8 Pass Pass Pass Accepted 

S19N059 0.178 0.019 0.166 0.002 7.2 10.7 Pass Pass Pass Accepted 

S19N060 0.160 0.011 0.166 0.002 -3.7 6.8 Pass Pass Pass Accepted 

S19N061 0.158 0.005 0.165 0.002 -4.3 3.4 Pass Pass Pass Accepted 

S19N062 0.168 0.023 0.163 0.002 2.9 13.7 Pass Pass Pass Accepted 

S19N065 0.152 0.026 0.164 0.002 -7.2 17.1 Pass Pass Pass Accepted 

 2
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TABLE 9. EVALUATION RESULTS FOR 134Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N066 0.142 0.005 0.166 0.002 -14.3 3.7 Pass Pass Fail Warning 

S19N067 0.150 0.010 0.165 0.002 -9.2 6.8 Pass Pass Pass Accepted 

S19N068 0.142 0.014 0.165 0.002 -13.7 10.2 Pass Pass Pass Accepted 

S19N069 0.200 0.060 0.164 0.002 22.2 30.0 Fail Fail Pass Not accepted 

S19N070 0.160 0.030 0.165 0.002 -3.2 18.8 Pass Pass Pass Accepted 

S19N071 0.150 0.010 0.165 0.002 -8.9 6.8 Pass Pass Pass Accepted 

S19N072 0.152 0.019 0.165 0.002 -8.1 12.9 Pass Pass Pass Accepted 

S19N073 0.155 0.017 0.165 0.002 -6.1 11.1 Pass Pass Pass Accepted 

S19N075 0.177 0.020 0.165 0.002 7.5 11.4 Pass Pass Pass Accepted 

S19N076 0.168 0.013 0.165 0.002 1.7 8.0 Pass Pass Pass Accepted 

S19N077 – – 0.164 0.002 – – – – – Not reported 

S19N078 0.155 0.005 0.166 0.002 -6.1 3.5 Pass Pass Pass Accepted 

S19N079 0.210 0.030 0.165 0.002 27.3 14.3 Fail Pass Pass Not accepted 

S19N080 – – 0.165 0.002 – – – – – Not reported 

S19N082 – – 0.166 0.002 – – – – – Not reported 

S19N083 0.142 0.008 0.165 0.002 -14.1 6.0 Pass Pass Fail Warning 

S19N085 0.169 0.015 0.165 0.002 2.6 8.7 Pass Pass Pass Accepted 

S19N086 0.133 0.040 0.166 0.002 -19.7 30.1 Pass Fail Pass Warning 
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TABLE 9. EVALUATION RESULTS FOR 134Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N088 0.210 0.004 0.165 0.002 27.1 2.1 Fail Pass Fail Not accepted 

S19N089 0.168 0.010 0.164 0.002 2.3 6.2 Pass Pass Pass Accepted 

S19N090 0.199 0.007 0.165 0.002 20.6 3.8 Fail Pass Fail Not accepted 

S19N094 0.155 0.015 0.164 0.002 -5.6 10.0 Pass Pass Pass Accepted 

S19N096 0.271 0.029 0.165 0.002 64.2 10.7 Fail Pass Fail Not accepted 

S19N097 – – 0.165 0.002 – – – – – Not reported 

S19N098 0.154 0.009 0.163 0.002 -5.5 6.2 Pass Pass Pass Accepted 

S19N099 0.153 0.009 0.165 0.002 -7.3 5.9 Pass Pass Pass Accepted 

S19N101 0.158 0.018 0.164 0.002 -3.7 11.4 Pass Pass Pass Accepted 

S19N105 0.156 0.011 0.165 0.002 -5.4 7.1 Pass Pass Pass Accepted 

S19N107 – – 0.164 0.002 – – – – – Not reported 

S19N108 0.173 0.013 0.165 0.002 4.4 7.6 Pass Pass Pass Accepted 

S19N110 0.166 0.009 0.165 0.002 0.9 5.8 Pass Pass Pass Accepted 

S19N111 0.160 0.010 0.165 0.002 -3.1 6.4 Pass Pass Pass Accepted 

S19N112 0.134 0.011 0.166 0.002 -18.9 8.3 Pass Pass Fail Warning 

S19N113 0.204 0.044 0.165 0.002 23.6 21.6 Fail Fail Pass Not accepted 

S19N115 0.157 0.020 0.165 0.002 -5.0 12.8 Pass Pass Pass Accepted 

S19N116 0.133 0.023 0.165 0.002 -19.6 17.7 Pass Pass Pass Accepted 

 

  



 

 

TABLE 9. EVALUATION RESULTS FOR 134Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N117 – – 0.165 0.002 – – – – – Not reported 

S19N118 0.160 0.007 0.165 0.002 -2.9 4.5 Pass Pass Pass Accepted 

S19N119 0.106 0.032 0.165 0.002 -35.8 29.9 Fail Fail Pass Not accepted 

 

  



 

 

TABLE 10. EVALUATION RESULTS FOR 137Cs 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N003 0.897 0.033 1.522 0.021 -41.1 3.9 Fail Pass Fail Not accepted 

S19N004 1.520 0.105 1.524 0.021 -0.3 7.0 Pass Pass Pass Accepted 

S19N005 1.520 0.046 1.519 0.021 0.1 3.3 Pass Pass Pass Accepted 

S19N006 1.489 0.064 1.519 0.021 -2.0 4.5 Pass Pass Pass Accepted 

S19N007 1.109 0.070 1.523 0.021 -27.2 6.5 Fail Pass Fail Not accepted 

S19N008 1.356 0.234 1.519 0.021 -10.7 17.3 Pass Pass Pass Accepted 

S19N009 1.606 0.062 1.523 0.021 5.5 4.1 Pass Pass Pass Accepted 

S19N010 1.560 0.058 1.516 0.021 2.9 4.0 Pass Pass Pass Accepted 

S19N011 1.500 0.040 1.516 0.021 -1.0 3.0 Pass Pass Pass Accepted 

S19N012 1.500 0.094 1.520 0.021 -1.3 6.4 Pass Pass Pass Accepted 

S19N013 1.562 0.059 1.520 0.021 2.8 4.0 Pass Pass Pass Accepted 

S19N014 1.522 0.051 1.521 0.021 0.1 3.6 Pass Pass Pass Accepted 

S19N015 1.656 0.090 1.521 0.021 8.9 5.6 Pass Pass Pass Accepted 

S19N016 1.396 0.109 1.522 0.021 -8.3 7.9 Pass Pass Pass Accepted 

S19N017 1.510 0.090 1.519 0.021 -0.6 6.1 Pass Pass Pass Accepted 

S19N018 2.170 0.029 1.521 0.021 42.7 1.9 Fail Pass Fail Not accepted 

S19N019 1.470 0.090 1.518 0.021 -3.2 6.3 Pass Pass Pass Accepted 

S19N020 0.800 0.200 1.522 0.021 -47.5 25.0 Fail Fail Fail Not accepted 

S19N023 1.499 0.037 1.517 0.021 -1.2 2.8 Pass Pass Pass Accepted 



 

 

TABLE 10. EVALUATION RESULTS FOR 137Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N024 1.580 0.120 1.524 0.021 3.7 7.7 Pass Pass Pass Accepted 

S19N025 1.543 0.045 1.513 0.021 2.0 3.2 Pass Pass Pass Accepted 

S19N026 1.635 0.058 1.517 0.021 7.8 3.8 Pass Pass Pass Accepted 

S19N027 1.560 0.130 1.521 0.021 2.6 8.4 Pass Pass Pass Accepted 

S19N028 1.407 0.078 1.518 0.021 -7.3 5.7 Pass Pass Pass Accepted 

S19N030 1.565 0.171 1.521 0.021 2.9 11.0 Pass Pass Pass Accepted 

S19N031 1.530 0.038 1.517 0.021 -0.9 2.8 Pass Pass Pass Accepted 

S19N032 1.730 0.140 1.518 0.021 14.0 8.2 Pass Pass Pass Accepted 

S19N033 1.592 0.136 1.525 0.021 4.4 8.6 Pass Pass Pass Accepted 

S19N034 1.544 0.086 1.522 0.021 1.4 5.7 Pass Pass Pass Accepted 

S19N035 1.231 0.311 1.523 0.021 -19.2 25.3 Pass Fail Pass Warning 

S19N036 1.600 0.200 1.525 0.021 4.9 12.6 Pass Pass Pass Accepted 

S19N037 0.261 0.123 1.522 0.021 -82.9 47.3 Fail Fail Fail Not accepted 

S19N038 1.372 0.101 1.524 0.021 -10.0 7.5 Pass Pass Pass Accepted 

S19N039 1.360 0.015 1.520 0.021 -10.5 1.8 Pass Pass Fail Warning 

S19N041 1.350 0.099 1.518 0.021 -11.1 7.5 Pass Pass Pass Accepted 

S19N042 1.348 0.138 1.522 0.021 -11.4 10.3 Pass Pass Pass Accepted 

S19N043 1.480 0.064 1.515 0.021 -2.3 4.5 Pass Pass Pass Accepted 

S19N044 1.448 0.034 1.521 0.021 -4.8 2.7 Pass Pass Pass Accepted 
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TABLE 10. EVALUATION RESULTS FOR 137Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N045 1.595 0.068 1.522 0.021 4.8 4.4 Pass Pass Pass Accepted 

S19N046 – – 1.519 0.021 – – – – – Not reported 

S19N047 1.523 0.014 1.524 0.021 0.0 1.6 Pass Pass Pass Accepted 

S19N048 1.546 0.059 1.518 0.021 1.8 4.0 Pass Pass Pass Accepted 

S19N049 1.682 0.035 1.514 0.021 11.1 2.5 Pass Pass Fail Warning 

S19N050 1.530 0.080 1.521 0.021 0.6 5.4 Pass Pass Pass Accepted 

S19N051 – – 1.518 0.021 – – – – – Not reported 

S19N052 – – 1.515 0.021 – – – – – Not reported 

S19N053 1.476 0.098 1.520 0.021 -2.9 6.8 Pass Pass Pass Accepted 

S19N054 1.400 0.071 1.514 0.021 -7.5 5.3 Pass Pass Pass Accepted 

S19N055 1.660 0.100 1.514 0.021 9.6 6.2 Pass Pass Pass Accepted 

S19N056 1.600 0.090 1.513 0.021 5.8 5.8 Pass Pass Pass Accepted 

S19N057 1.500 0.080 1.514 0.021 -0.9 5.5 Pass Pass Pass Accepted 

S19N058 1.500 0.110 1.520 0.021 -1.3 7.5 Pass Pass Pass Accepted 

S19N059 1.529 0.097 1.529 0.021 0.0 6.5 Pass Pass Pass Accepted 

S19N060 1.540 0.089 1.531 0.021 0.6 5.9 Pass Pass Pass Accepted 

S19N061 1.544 0.013 1.522 0.021 1.5 1.6 Pass Pass Pass Accepted 

S19N062 1.416 0.032 1.505 0.021 -5.9 2.6 Pass Pass Pass Accepted 

S19N065 1.470 0.010 1.510 0.021 -2.7 1.5 Pass Pass Pass Accepted 
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TABLE 10. EVALUATION RESULTS FOR 137Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N066 1.510 0.030 1.528 0.021 -1.2 2.4 Pass Pass Pass Accepted 

S19N067 1.400 0.070 1.523 0.021 -8.1 5.2 Pass Pass Pass Accepted 

S19N068 1.565 0.034 1.520 0.021 3.0 2.6 Pass Pass Pass Accepted 

S19N069 1.490 0.070 1.508 0.021 -1.2 4.9 Pass Pass Pass Accepted 

S19N070 1.400 0.200 1.523 0.021 -8.1 14.4 Pass Pass Pass Accepted 

S19N071 0.450 0.060 1.518 0.021 -4.5 4.4 Pass Pass Pass Accepted 

S19N072 1.495 0.037 1.524 0.021 -1.9 2.8 Pass Pass Pass Accepted 

S19N073 1.410 0.054 1.522 0.021 -7.4 4.1 Pass Pass Pass Accepted 

S19N075 1.516 0.104 1.518 0.021 -0.1 7.0 Pass Pass Pass Accepted 

S19N076 1.504 0.059 1.525 0.021 -1.4 4.2 Pass Pass Pass Accepted 

S19N077 1.380 0.116 1.510 0.021 -8.6 8.5 Pass Pass Pass Accepted 

S19N078 1.582 0.049 1.526 0.021 3.7 3.4 Pass Pass Pass Accepted 

S19N079 1.770 0.070 1.520 0.021 16.4 4.2 Pass Pass Fail Warning 

S19N080 – – 1.519 0.021 – – – – – Not reported 

S19N082 – – 1.527 0.021 – – – – – Not reported 

S19N083 1.560 0.049 1.525 0.021 2.3 3.4 Pass Pass Pass Accepted 

S19N085 1.522 0.030 1.518 0.021 0.3 2.4 Pass Pass Pass Accepted 

S19N086 1.588 0.430 1.527 0.021 4.0 27.1 Pass Fail Pass Warning 
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TABLE 10. EVALUATION RESULTS FOR 137Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N088 1.686 0.008 1.522 0.021 10.7 1.4 Pass Pass Fail Warning 

S19N089 1.700 0.051 1.513 0.021 12.3 3.3 Pass Pass Fail Warning 

S19N090 2.080 0.019 1.521 0.021 36.8 1.6 Fail Pass Fail Not accepted 

S19N094 1.518 0.022 1.516 0.021 0.1 2.0 Pass Pass Pass Accepted 

S19N096 1.683 0.095 1.524 0.021 10.4 5.8 Pass Pass Pass Accepted 

S19N097 7.100 0.600 1.524 0.021 366.0 8.6 Fail Pass Fail Not accepted 

S19N098 1.484 0.049 1.505 0.021 -1.4 3.6 Pass Pass Pass Accepted 

S19N099 1.466 0.019 1.519 0.021 -3.5 1.9 Pass Pass Pass Accepted 

S19N101 1.470 0.040 1.513 0.021 -2.8 3.0 Pass Pass Pass Accepted 

S19N105 1.490 0.051 1.519 0.021 -1.9 3.7 Pass Pass Pass Accepted 

S19N107 1.410 0.046 1.516 0.021 -7.0 3.5 Pass Pass Pass Accepted 

S19N108 1.540 0.064 1.524 0.021 1.1 4.4 Pass Pass Pass Accepted 

S19N110 1.671 0.085 1.521 0.021 9.9 5.3 Pass Pass Pass Accepted 

S19N111 1.470 0.010 1.522 0.021 -3.4 1.5 Pass Pass Pass Accepted 

S19N112 1.628 0.042 1.527 0.021 6.6 2.9 Pass Pass Pass Accepted 

S19N113 1.659 0.054 1.521 0.021 9.0 3.5 Pass Pass Pass Accepted 

S19N115 1.429 0.033 1.523 0.021 -6.1 2.7 Pass Pass Pass Accepted 

S19N116 2.827 0.255 1.522 0.021 85.7 9.1 Fail Pass Fail Not accepted 
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TABLE 10. EVALUATION RESULTS FOR 137Cs (cont.) 

Sample 

number 

Lab value 

(Bq kg–1) 

Lab 

uncert. 

(Bq kg–1) 

IAEA 

value 

(Bq kg–1) 

IAEA 

uncert. 

(Bq kg–1) 

Relative 

bias (%) 
P (%) Accuracy Precision Trueness Final score 

S19N117 1.457 0.110 1.520 0.021 -4.2 7.7 Pass Pass Pass Accepted 

S19N118 1.550 0.050 1.519 0.021 2.0 3.5 Pass Pass Pass Accepted 

S19N119 1.433 0.079 1.521 0.021 -5.8 5.7 Pass Pass Pass Accepted 
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FIG. 2. H-3 bias. 
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FIG. 3. Sr-89 bias. 
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FIG. 4. Sr-90 bias. 
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FIG. 5. Cs-134 bias. 
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FIG. 6. Cs-137 bias. 
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APPENDIX II. PERFORMANCE EVALUATION TABLES SORTED BY SAMPLE NUMBER 
 

 

TABLE 11. SAMPLE NUMBER S19N003 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.012 0.099 – – – – – – – Not reported 

89Sr 2.947 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 – – – – – – – Not reported 

137Cs 1.522 0.021 0.897 0.033 -41.1% 3.9% Fail Pass Fail Not accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 

 

 

TABLE 12. SAMPLE NUMBER S19N004 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.018 0.099 5.300 0.500 5.6% 9.6% Pass Pass Pass Accepted 

89Sr 2.950 0.055 3.378 0.901 14.5% 26.7% Pass Pass Pass Accepted 

90Sr 0.202 0.003 0.210 0.030 4.0% 14.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.132 0.012 -20.2% 9.2% Fail Pass Fail Not accepted 

137Cs 1.524 0.021 1.520 0.105 -0.3% 7.0% Pass Pass Pass Accepted 

155Eu 1.067 0.020 0.400 0.045 -62.5% 11.4% Fail Pass Fail Not accepted 

 

  

4
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TABLE 13. SAMPLE NUMBER S19N005 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 5.480 0.124 9.6% 3.0% Pass Pass Fail Warning 

89Sr 2.940 0.055 3.550 0.062 20.8% 2.6% Pass Pass Fail Warning 

90Sr 0.201 0.003 0.160 0.028 -20.5% 17.5% 
Pass Pass Pass 

Accepted 

134Cs 0.165 0.002 0.145 0.013 -12.0% 8.8% 
Pass Pass Pass 

Accepted 

137Cs 1.519 0.021 1.520 0.046 0.1% 3.3% 
Pass Pass Pass 

Accepted 

155Eu 1.063 0.020 – – – – – – – Not reported 

 

 

 

TABLE 14. SAMPLE NUMBER S19N006 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.000 0.099 6.352 0.492 27.0% 8.0% Fail Pass Fail Not accepted 

89Sr 2.939 0.055 3.201 0.557 8.9% 17.5% Pass Pass Pass Accepted 

90Sr 0.201 0.003 0.199 0.035 -1.3% 17.4% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.182 0.017 10.5% 9.4% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.489 0.064 -2.0% 4.5% Pass Pass Pass Accepted 

155Eu 1.063 0.020 0.821 0.054 -22.8% 6.8% Pass Pass Fail Warning 
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TABLE 15. SAMPLE NUMBER S19N007 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.015 0.099 – – – – – – – Not reported 

89Sr 2.948 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.257 0.048 55.7% 18.7% Fail Pass Pass Not accepted 

137Cs 1.523 0.021 1.109 0.070 -27.2% 6.5% Fail Pass Fail Not accepted 

155Eu 1.066 0.020 – – – – – – – Not reported 

 

 

 

TABLE 16. SAMPLE NUMBER S19N008 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 3.230 0.326 -35.4% 10.3% Fail Pass Fail Not accepted 

89Sr 2.940 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.240 0.015 19.2% 6.4% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.135 0.028 -18.0% 20.7% Pass Fail Pass Warning 

137Cs 1.519 0.021 1.356 0.234 -10.7% 17.3% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – – – – – - Not reported 

 

 

  

4
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TABLE 17. SAMPLE NUMBER S19N009 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.013 0.099 5.322 0.043 6.2% 2.1% Pass Pass Fail Warning 

89Sr 2.947 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 0.066 0.007 -67.3% 10.1% Fail Pass Fail Not accepted 

134Cs 0.165 0.002 0.103 0.011 -37.6% 10.7% Fail Pass Fail Not accepted 

137Cs 1.523 0.021 1.606 0.062 5.5% 4.1% Pass Pass Pass Accepted 

155Eu 1.066 0.020 – – – – – – – Not reported 

 

 

 

TABLE 18. SAMPLE NUMBER S19N010 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.991 0.099 – – – – – – – Not reported 

89Sr 2.934 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.164 0.002 0.163 0.018 -0.6% 11.3% Pass Pass Pass Accepted 

137Cs 1.516 0.021 1.560 0.058 2.9% 4.0% Pass Pass Pass Accepted 

155Eu 1.061 0.020 0.236 0.043 -77.7% 18.2% Fail Pass Fail Not accepted 

 

 

  

4
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TABLE 19. SAMPLE NUMBER S19N011 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.990 0.099 7.240 1.040 45.1% 14.5% Fail Pass Pass Not accepted 

89Sr 2.933 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.164 0.002 0.200 0.020 21.6% 10.1% Fail Pass Pass Not accepted 

137Cs 1.516 0.021 1.500 0.040 -1.0% 3.0% Pass Pass Pass Accepted 

155Eu 1.061 0.020 – – – – – – – Not reported 

 

 

 

TABLE 20. SAMPLE NUMBER S19N012 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.005 0.099 – – – – – – – Not reported 

89Sr 2.942 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.130 0.013 -21.2% 10.1% Fail Pass Fail Not accepted 

137Cs 1.520 0.021 1.500 0.094 -1.3% 6.4% Pass Pass Pass Accepted 

155Eu 1.064 0.020 – – – – – – – Not reported 

 

 

  

4
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TABLE 21. SAMPLE NUMBER S19N013 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.004 0.099 – – – – – – – Not reported 

89Sr 2.942 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.155 0.017 -6.2% 11.2% Pass Pass Pass Accepted 

137Cs 1.520 0.021 1.562 0.059 2.8% 4.0% Pass Pass Pass Accepted 

155Eu 1.064 0.020 – – – – – – – Not reported 

 

 

 

TABLE 22. SAMPLE NUMBER S19N014 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.006 0.099 5.230 0.284 4.5% 5.8% Pass Pass Pass Accepted 

89Sr 2.943 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.162 0.009 -1.8% 5.7% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.522 0.051 0.1% 3.6% Pass Pass Pass Accepted 

155Eu 1.064 0.020 1.300 0.067 22.2% 5.5% Pass Pass Fail Warrning 
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TABLE 23. SAMPLE NUMBER S19N015 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.008 0.099 4.220 0.730 -15.7% 17.4% Pass Pass Pass Accepted 

89Sr 2.944 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.180 0.012 9.1% 6.8% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.656 0.090 8.9% 5.6% Pass Pass Pass Accepted 

155Eu 1.065 0.020 0.163 0.015 -84.7% 9.4% Fail Pass Fail Not accepted 

 

 

 

TABLE 24. SAMPLE NUMBER S19N016 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.011 0.099 5.600 0.570 11.8% 10.4% Pass Pass Pass Accepted 

89Sr 2.946 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.191 0.032 15.9% 16.9% Pass Pass Pass Accepted 

137Cs 1.522 0.021 1.396 0.109 -8.3% 7.9% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 
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TABLE 25. SAMPLE NUMBER S19N017 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.002 0.099 – – – – – – – Not reported 

89Sr 2.940 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.155 0.010 -5.9% 6.5% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.510 0.090 -0.6% 6.1% Pass Pass Pass Accepted 

155Eu 1.063 0.020 0.986 0.048 -7.3% 5.2% Pass Pass Pass Accepted 

 

 

 

TABLE 26. SAMPLE NUMBER S19N018 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.007 0.099 5.501 0.772 9.9% 14.2% Pass Pass Pass Accepted 

89Sr 2.944 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.157 0.040 -4.8% 25.5% Pass Fail Pass Warning 

137Cs 1.521 0.021 2.170 0.029 42.7% 1.9% Fail Pass Fail Not accepted 

155Eu 1.064 0.020 – – – – – – – Not reported 
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TABLE 27. SAMPLE NUMBER S19N019 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.998 0.099 6.113 0.612 22.3% 10.2% Pass Pass Pass Accepted 

89Sr 2.938 0.055 14.772 4.210 402.7% 28.6% Fail Pass Fail Not accepted 

90Sr 0.201 0.003 0.262 0.096 30.3% 36.6% Fail Fail Pass Not accepted 

134Cs 0.165 0.002 0.170 0.019 3.2% 11.2% Pass Pass Pass Accepted 

137Cs 1.518 0.021 1.470 0.090 -3.2% 6.3% Pass Pass Pass Accepted 

155Eu 1.062 0.020 0.860 0.065 -19.1% 7.8% Pass Pass Fail Warning 

 

 

 

TABLE 28. SAMPLE NUMBER S19N020 
Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.012 0.099 – – – – – – – Not reported 

89Sr 2.947 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 – – – – – – – Not reported 

137Cs 1.522 0.021 0.800 0.200 -47.5% 25.0% Fail Fail Fail Not accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 
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TABLE 29. SAMPLE NUMBER S19N023 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.993 0.099 – – – – – – – Not reported 

89Sr 2.935 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.154 0.013 -6.4% 8.6% Pass Pass Pass Accepted 

137Cs 1.517 0.021 1.499 0.037 -1.2% 2.8% Pass Pass Pass Accepted 

155Eu 1.061 0.020 – – – – – – – Not reported 

 

 

 

TABLE 30. SAMPLE NUMBER S19N024 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.017 0.099 – – – – – – – Not reported 

89Sr 2.949 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.120 0.030 -27.4% 25.0% Fail Fail Pass Not accepted 

137Cs 1.524 0.021 1.580 0.120 3.7% 7.7% Pass Pass Pass Accepted 

155Eu 1.066 0.020 – – – – – – – Not reported 
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TABLE 31. SAMPLE NUMBER S19N025 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.982 0.099 6.169 0.527 23.8% 8.8% Pass Pass Pass Accepted 

89Sr 2.929 0.054 – – – – – – – Not reported 

90Sr 0.200 0.003 0.202 0.011 1.0% 5.8% Pass Pass Pass Accepted 

134Cs 0.164 0.002 0.163 0.011 -0.7% 7.0% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.543 0.045 2.0% 3.2% Pass Pass Pass Accepted 

155Eu 1.059 0.020 0.900 0.043 -15.0% 5.1% Pass Pass Fail Warrning 

 

 

 

TABLE 32. SAMPLE NUMBER S19N026 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.994 0.099 – – – – – – – Not reported 

89Sr 2.936 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.241 0.017 46.3% 7.1% Fail Pass Fail Not accepted 

137Cs 1.517 0.021 1.635 0.058 7.8% 3.8% Pass Pass Pass Accepted 

155Eu 1.062 0.020 1.782 0.149 67.8% 8.6% Fail Pass Fail Not accepted 
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TABLE 33. SAMPLE NUMBER S19N027 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.008 0.099 4.503 0.525 -10.1% 11.8% Pass Pass Pass Accepted 

89Sr 2.944 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.163 0.016 -1.2% 9.9% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.560 0.130 2.6% 8.4% Pass Pass Pass Accepted 

155Eu 1.064 0.020 1.100 0.160 3.3% 14.7% Pass Pass Pass Accepted 

 

 

 

TABLE 34. SAMPLE NUMBER S19N028 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.999 0.099 – – – – – – – Not reported 

89Sr 2.939 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.149 0.031 -9.5% 20.8% Pass Fail Pass Warrning 

137Cs 1.518 0.021 1.407 0.078 -7.3% 5.7% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – – – – – – Not reported 
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TABLE 35. SAMPLE NUMBER S19N030 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.009 0.099 – – – – – – – Not reported 

89Sr 2.945 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.120 0.015 -40.6% 12.6% Fail Pass Fail Not accepted 

134Cs 0.165 0.002 0.174 0.020 5.1% 11.4% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.565 0.171 2.9% 11.0% Pass Pass Pass Accepted 

155Eu 1.065 0.020 0.540 0.072 -49.3% 13.5% Fail Pass Fail Not accepted 

 

 

 

TABLE 36. SAMPLE NUMBER S19N031 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.994 0.099 5.620 0.270 12.5% 5.2% Pass Pass Pass Accepted 

89Sr 2.936 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.224 0.005 11.5% 2.6% Pass Pass Fail Warning 

134Cs 0.165 0.002 0.153 0.008 -7.0% 5.3% Pass Pass Pass Accepted 

137Cs 1.517 0.021 1.530 0.038 0.9% 2.8% Pass Pass Pass Accepted 

155Eu 1.062 0.020 – – – – – – – Not reported 
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TABLE 37. SAMPLE NUMBER S19N032 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.999 0.099 – – – – – – – Not reported 

89Sr 2.939 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.170 0.030 3.2% 17.7% Pass Pass Pass Accepted 

137Cs 1.518 0.021 1.730 0.140 14.0% 8.2% Pass Pass Pass Accepted 

155Eu 1.062 0.020 – – – – – – – Not reported 

 

 

 

TABLE 38. SAMPLE NUMBER S19N033 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.020 0.099 4.000 1.333 -20.3% 33.4% Pass Fail Pass Warning 

89Sr 2.951 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 0.183 0.005 -9.4% 3.0% Pass Pass Fail Warning 

134Cs 0.165 0.002 – – – – – – – Not reported 

137Cs 1.525 0.021 1.592 0.136 4.4% 8.6% Pass Pass Pass Accepted 

155Eu 1.067 0.020 1.084 0.151 1.6% 14.1% Pass Pass Pass Accepted 
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TABLE 39. SAMPLE NUMBER S19N034 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.012 0.099 4.920 0.451 -1.8% 9.4% Pass Pass Pass Accepted 

89Sr 2.947 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 0.189 0.009 -6.3% 5.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.147 0.011 -11.0% 7.6% Pass Pass Pass Accepted 

137Cs 1.522 0.021 1.544 0.086 1.4% 5.7% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 

 

 

 

TABLE 40. SAMPLE NUMBER S19N035 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.015 0.099 – – – – – – – Not reported 

89Sr 2.948 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.170 0.070 3.0% 40.9% Pass Fail Pass Warning 

137Cs 1.523 0.021 1.231 0.311 -19.2% 25.3% Pass Fail Pass Warning 

155Eu 1.066 0.020 – – – – – – – Not reported 
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TABLE 41. SAMPLE NUMBER S19N036 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.022 0.099 4.050 0.480 -19.4% 12.0% Pass Pass Pass Accepted 

89Sr 2.953 0.055 0.830 0.090 -71.9% 11.0% Fail Pass Fail Not accepted 

90Sr 0.202 0.003 0.270 0.030 33.6% 11.2% Fail Pass Pass Not accepted 

134Cs 0.165 0.002 0.180 0.020 8.8% 11.2% Pass Pass Pass Accepted 

137Cs 1.525 0.021 1.600 0.200 4.9% 12.6% Pass Pass Pass Accepted 

155Eu 1.068 0.020 0.150 0.020 -85.9% 13.5% Fail Pass Fail Not accepted 

 

 

 

TABLE 42. SAMPLE NUMBER S19N037 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.010 0.099 – – – – – – – Not reported 

89Sr 2.945 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.081 0.075 -50.7% 92.2% Fail Fail Pass Not accepted 

137Cs 1.522 0.021 0.261 0.123 -82.9% 47.3% Fail Fail Fail Not accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 
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TABLE 43. SAMPLE NUMBER S19N038 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.019 0.099 5.050 0.100 0.6% 2.8% Pass Pass Pass Accepted 

89Sr 2.950 0.055 1.840 0.043 -37.6% 3.0% Fail Pass Fail Not accepted 

90Sr 0.202 0.003 0.207 0.046 2.5% 22.3% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.131 0.011 -20.8% 8.2% Fail Pass Fail Not accepted 

137Cs 1.524 0.021 1.372 0.101 -10.0% 7.5% Pass Pass Pass Accepted 

155Eu 1.067 0.020 – – – – – – – Not reported 

 

 

 

TABLE 44. SAMPLE NUMBER S19N039 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.003 0.099 4.930 0.130 -1.5% 3.3% Pass Pass Pass Accepted 

89Sr 2.941 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.214 0.011 6.3% 5.3% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.139 0.007 -15.7% 5.1% Pass Pass Fail Warning 

137Cs 1.520 0.021 1.360 0.015 -10.5% 1.8% Pass Pass Fail Warning 

155Eu 1.063 0.020 – – – – – – – Not reported 
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TABLE 45. SAMPLE NUMBER S19N041 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.999 0.099 4.710 0.460 -5.8% 10.0% Pass Pass Pass Accepted 

89Sr 2.939 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.420 0.042 108.8% 10.1% Fail Pass Fail Not accepted 

134Cs 0.165 0.002 0.143 0.009 -13.2% 6.4% Pass Pass Pass Accepted 

137Cs 1.518 0.021 1.350 0.099 -11.1% 7.5% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – – – – – – Not reported 

 

 

 

TABLE 46. SAMPLE NUMBER S19N042 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.011 0.099 – – – – – – – Not reported 

89Sr 2.946 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 – – – – – – – Not reported 

137Cs 1.522 0.021 1.348 0.138 -11.4% 10.3% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 
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TABLE 47. SAMPLE NUMBER S19N043 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.988 0.099 5.530 0.283 10.9% 5.5% Pass Pass Pass Accepted 

89Sr 2.932 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.164 0.002 0.152 0.008 -7.3% 5.1% Pass Pass Pass Accepted 

137Cs 1.515 0.021 1.480 0.064 -2.3% 4.5% Pass Pass Pass Accepted 

155Eu 1.060 0.020 0.289 0.016 -72.8% 5.8% Fail Pass Fail Not accepted 

 

 

 

TABLE 48. SAMPLE NUMBER S19N044 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.007 0.099 – – – – – – – Not reported 

89Sr 2.944 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.150 0.012 -9.1% 8.2% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.448 0.034 -4.8% 2.7% Pass Pass Pass Accepted 

155Eu 1.064 0.020 – – – – – – – Not reported 
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TABLE 49. SAMPLE NUMBER S19N045 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.011 0.099 – – – – – – – Not reported 

89Sr 2.946 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.164 0.010 -0.7% 6.2% Pass Pass Pass Accepted 

137Cs 1.522 0.021 1.595 0.068 4.8% 4.4% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – – – – – – Not reported 

 

 

 

TABLE 50. SAMPLE NUMBER S19N046 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 4.980 0.350 -0.4% 7.3% Pass Pass Pass Accepted 

89Sr 2.940 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 – – – – – – – Not reported 

137Cs 1.519 0.021 – – – – – – – Not reported 

155Eu 1.063 0.020 – – – – – – – Not reported 
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TABLE 51. SAMPLE NUMBER S19N047 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.016 0.099 – – – – – – – Not Reported 

89Sr 2.949 0.055 – – – – – – – Not reported 

90Sr 0.202 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.230 0.008 39.4% 3.6% Fail Pass Fail Not accepted 

137Cs 1.524 0.021 1.523 0.014 0.0% 1.6% Pass Pass Pass Accepted 

155Eu 1.066 0.020 – – – – – – – Not reported 

 

 

 

TABLE 52. SAMPLE NUMBER S19N048 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.999 0.099 – – – – – – – Not reported 

89Sr 2.939 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.163 0.038 -1.0% 23.3% Pass Fail Pass Warning 

137Cs 1.518 0.021 1.546 0.059 1.8% 4.0% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – – – – – – Not reported 
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TABLE 53. SAMPLE NUMBER S19N049 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.985 0.099 0.013 0.002 -99.7% 11.7% Fail Pass Fail Not accepted 

89Sr 2.931 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.095 0.006 -52.5% 6.7% Fail Pass Fail Not accepted 

134Cs 0.164 0.002 0.136 0.012 -17.1% 8.9% Pass Pass Pass Accepted 

137Cs 1.514 0.021 1.682 0.035 11.1% 2.5% Pass Pass Fail Warning 

155Eu 1.060 0.020 – – – – – – – Not reported 

 

 

 

TABLE 54 SAMPLE NUMBER S19N050 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.007 0.099 – – – – – – – Not reported 

89Sr 2.944 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 – – – – – – – Not reported 

134Cs 0.165 0.002 0.179 0.012 8.5% 6.8% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.530 0.080 0.6% 5.4% Pass A Pass Accepted 

155Eu 1.064 0.020 – – – – – – – Not reported 
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TABLE 55. SAMPLE NUMBER S19N051 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.997 0.099 – – – – – – – Not reported 

89Sr 2.937 0.055 – – – – – – – Not reported 

90Sr 0.201 0.003 0.190 0.013 -5.5% 7.0% Pass Pass Pass Accepted 

134Cs 0.165 0.002 – – – – – – – Not reported 

137Cs 1.518 0.021 – – – – – – – Not reported 

155Eu 1.062 0.020 – – – – – – – Not reported 

 

 

 

TABLE 56. SAMPLE NUMBER S19N052 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.990 0.099 – – - - - - - Not reported 

89Sr 2.933 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 – – - - - - - Not reported 

137Cs 1.515 0.021 – – - - - - - Not reported 

155Eu 1.061 0.020 – – - - - - - Not reported 
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TABLE 57. SAMPLE NUMBER S19N053 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.004 0.099 5.380 0.530 7.5% 10.0% Pass Pass Pass Accepted 

89Sr 2.942 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.508 0.050 152.4% 10.0% Fail Pass Fail Not accepted 

134Cs 0.165 0.002 0.176 0.012 6.7% 6.9% Pass Pass Pass Accepted 

137Cs 1.520 0.021 1.476 0.098 -2.9% 6.8% Pass Pass Pass Accepted 

155Eu 1.064 0.020 – – - - - - - Not reported 

 

 

 

TABLE 58. SAMPLE NUMBER S19N054 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.986 0.099 5.360 0.400 7.5% 7.7% Pass Pass Pass Accepted 

89Sr 2.931 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.180 0.012 -10.2% 6.8% Pass Pass Pass Accepted 

134Cs 0.164 0.002 0.168 0.015 2.3% 9.0% Pass Pass Pass Accepted 

137Cs 1.514 0.021 1.400 0.071 -7.5% 5.3% Pass Pass Pass Accepted 

155Eu 1.060 0.020 – – - - - - - Not reported 
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TABLE 59. SAMPLE NUMBER S19N055 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final 

Score 

3H 4.985 0.099 4.770 0.670 -4.3% 14.2% Pass Pass Pass Accepted 

89Sr 2.931 0.055 2.590 0.270 -11.6% 10.6% Pass Pass Pass Accepted 

90Sr 0.201 0.003 0.230 0.030 14.7% 13.1% Pass Pass Pass Accepted 

134Cs 0.164 0.002 0.140 0.010 -14.8% 7.2% Pass Pass Pass Accepted 

137Cs 1.514 0.021 1.660 0.100 9.6% 6.2% Pass Pass Pass Accepted 

155Eu 1.060 0.020 1.100 0.120 3.8% 11.1% Pass Pass Pass Accepted 

 

 

 

TABLE 60. SAMPLE NUMBER S19N056 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.981 0.099 4.200 0.500 -15.7% 12.1% Pass Pass Pass Accepted 

89Sr 2.928 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.168 0.017 2.4% 10.2% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.600 0.090 5.8% 5.8% Pass Pass Pass Accepted 

155Eu 1.059 0.020 – – - - - - - Not reported 
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5

 



 

TABLE 61. SAMPLE NUMBER S19N057 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.984 0.099 5.000 0.270 0.3% 5.8% Pass Pass Pass Accepted 

89Sr 2.930 0.054 2.780 0.190 -5.1% 7.1% Pass Pass Pass Accepted 

90Sr 0.200 0.003 0.196 0.015 -2.2% 7.8% Pass Pass Pass Accepted 

134Cs 0.164 0.002 0.160 0.009 -2.6% 5.7% Pass Pass Pass Accepted 

137Cs 1.514 0.021 1.500 0.080 -0.9% 5.5% Pass Pass Pass Accepted 

155Eu 1.059 0.020 0.570 0.034 -46.2% 6.3% Fail Pass Fail Not accepted 

 

 

 

TABLE 62. SAMPLE NUMBER S19N058 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.004 0.099 – – - - - - - Not reported 

89Sr 2.942 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.170 0.020 3.1% 11.8% Pass Pass Pass Accepted 

137Cs 1.520 0.021 1.500 0.110 -1.3% 7.5% Pass Pass Pass Accepted 

155Eu 1.064 0.020 1.050 0.120 -1.3% 11.6% Pass Pass Pass Accepted 
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TABLE 63. SAMPLE NUMBER S19N059 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.035 0.100 – – - - - - - Not reported 

89Sr 2.960 0.055 – – - - - - - Not reported 

90Sr 0.203 0.003 – – - - - - - Not reported 

134Cs 0.166 0.002 0.178 0.019 7.2% 10.7% Pass Pass Pass Accepted 

137Cs 1.529 0.021 1.529 0.097 0.0% 6.5% Pass Pass Pass Accepted 

155Eu 1.070 0.020 0.934 0.068 -12.7% 7.5% Pass Pass Pass Accepted 

 

 

 

TABLE 64. SAMPLE NUMBER S19N060 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.042 0.100 4.910 0.370 -2.6% 7.8% A A A Accepted 

89Sr 2.964 0.055 – – - - - - - Not reported 

90Sr 0.203 0.003 0.224 0.020 10.4% 9.0% A A A Accepted 

134Cs 0.166 0.002 0.160 0.011 -3.7% 6.8% A A A Accepted 

137Cs 1.531 0.021 1.540 0.089 0.6% 5.9% A A A Accepted 

155Eu 1.072 0.020 – – - - - - - Not reported 
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TABLE 65. SAMPLE NUMBER S19N061 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.011 0.099 – – - - - - - Not reported 

89Sr 2.946 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.158 0.005 -4.3% 3.4% Pass Pass Pass Accepted 

137Cs 1.522 0.021 1.544 0.013 1.5% 1.6% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – - - - - - Not reported 

 

 

 

TABLE 66. SAMPLE NUMBER S19N062 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.955 0.098 5.724 0.157 15.5% 3.4% Pass Pass Fail Warning 

89Sr 2.913 0.054 6.320 0.186 116.9% 3.5% N Pass Fail Not accepted 

90Sr 0.199 0.003 0.183 0.012 -8.2% 6.4% Pass Pass Pass Accepted 

134Cs 0.163 0.002 0.168 0.023 2.9% 13.7% Pass Pass Pass Accepted 

137Cs 1.505 0.021 1.416 0.032 -5.9% 2.6% Pass Pass Pass Accepted 

155Eu 1.053 0.020 – – - - - - - Not reported 

 

 

  

6
8
 



 

 

TABLE 67. SAMPLE NUMBER S19N065 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.973 0.098 4.650 0.180 -6.5% 4.3% Pass Pass Pass Accepted 

89Sr 2.923 0.054 3.740 0.350 27.9% 9.5% Pass Pass Pass Accepted 

90Sr 0.200 0.003 0.148 0.023 -26.3% 15.6% Fail Pass Pass Not accepted 

134Cs 0.164 0.002 0.152 0.026 -7.2% 17.1% Pass Pass Pass Accepted 

137Cs 1.510 0.021 1.470 0.010 -2.7% 1.5% Pass Pass Pass Accepted 

155Eu 1.057 0.020 – – - - - - - Not reported 

 

 

 

TABLE 68. SAMPLE NUMBER S19N066 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.030 0.100 8.100 0.900 61.0% 11.3% N A N Not accepted 

89Sr 2.957 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.166 0.002 0.142 0.005 -14.3% 3.7% A A N Warning 

137Cs 1.528 0.021 1.510 0.030 -1.2% 2.4% A A A Accepted 

155Eu 1.069 0.020 – – - - - - - Not reported 
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TABLE 69. SAMPLE NUMBER S19N067 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.013 0.099 – – - - - - - Not reported 

89Sr 2.947 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 0.170 0.020 -15.7% 11.8% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.150 0.010 -9.2% 6.8% Pass Pass Pass Accepted 

137Cs 1.523 0.021 1.400 0.070 -8.1% 5.2% Pass Pass Pass Accepted 

155Eu 1.066 0.020 0.510 0.040 -52.1% 8.1% Fail Pass Fail Not accepted 

 

 

 

TABLE 70. SAMPLE NUMBER S19N068 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.005 0.099 – – - - - - - Not reported 

89Sr 2.942 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.142 0.014 -13.7% 10.2% A A A Accepted 

137Cs 1.520 0.021 1.565 0.034 3.0% 2.6% A A A Accepted 

155Eu 1.064 0.020 – – - - - - - Not reported 
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TABLE 71. SAMPLE NUMBER S19N069 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.966 0.098 – – - - - - - Not reported 

89Sr 2.919 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.200 0.060 22.2% 30.0% Fail Fail Pass Not accepted 

137Cs 1.508 0.021 1.490 0.070 -1.2% 4.9% Pass Pass Pass Accepted 

155Eu 1.055 0.020 – – - - - - - Not reported 

 

 

 

TABLE 72. SAMPLE NUMBER S19N070 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.015 0.099 4.300 0.800 -14.3% 18.7% Pass Pass Pass Accepted 

89Sr 2.948 0.055 2.100 0.500 -28.8% 23.9% Pass Pass Pass Accepted 

90Sr 0.202 0.003 0.120 0.040 -40.5% 33.4% N N Pass Not accepted 

134Cs 0.165 0.002 0.160 0.030 -3.2% 18.8% Pass Pass Pass Accepted 

137Cs 1.523 0.021 1.400 0.200 -8.1% 14.4% Pass Pass Pass Accepted 

155Eu 1.066 0.020 1.000 0.200 -6.2% 20.1% Pass Pass Pass Accepted 
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TABLE 73. SAMPLE NUMBER S19N071 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.999 0.099 5.140 0.260 2.8% 5.4% Pass Pass Pass Accepted 

89Sr 2.939 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.150 0.010 -8.9% 6.8% Pass Pass Pass Accepted 

137Cs 1.518 0.021 1.450 0.060 -4.5% 4.4% Pass Pass Pass Accepted 

155Eu 1.063 0.020 1.220 0.070 14.8% 6.0% Pass Pass Pass Accepted 

 

 

 

TABLE 74. SAMPLE NUMBER S19N072 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.017 0.099 – – - - - - - Not reported 

89Sr 2.950 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.152 0.019 -8.1% 12.9% Pass Pass Pass Accepted 

137Cs 1.524 0.021 1.495 0.037 -1.9% 2.8% Pass Pass Pass Accepted 

155Eu 1.067 0.020 – – - - - - - Not reported 
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TABLE 75. SAMPLE NUMBER S19N073 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.011 0.099 5.007 0.290 -0.1% 6.1% Pass Pass Pass Accepted 

89Sr 2.946 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 0.205 0.013 1.7% 6.6% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.155 0.017 -6.1% 11.1% Pass Pass Pass Accepted 

137Cs 1.522 0.021 1.410 0.054 -7.4% 4.1% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – - - - - - Not reported 

 

 

 

TABLE 76. SAMPLE NUMBER S19N075 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.998 0.099 – – - - - - - Not reported 

89Sr 2.938 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.177 0.020 7.5% 11.4% Pass Pass Pass Accepted 

137Cs 1.518 0.021 1.516 0.104 -0.1% 7.0% Pass Pass Pass Accepted 

155Eu 1.062 0.020 0.649 0.092 -38.9% 14.3% Fail Pass Fail Not accepted 
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TABLE 77. SAMPLE NUMBER S19N076 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.021 0.099 5.410 0.180 7.7% 3.9% Pass Pass Pass Accepted 

89Sr 2.952 0.055 3.050 0.233 3.3% 7.9% Pass Pass Pass Accepted 

90Sr 0.202 0.003 0.216 0.017 7.0% 8.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.168 0.013 1.7% 8.0% Pass Pass Pass Accepted 

137Cs 1.525 0.021 1.504 0.059 -1.4% 4.2% Pass Pass Pass Accepted 

155Eu 1.067 0.020 – – - - - - - Not reported 

 

 

 

TABLE 78. SAMPLE NUMBER S19N077 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.972 0.098 – – - - - - - Not reported 

89Sr 2.923 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 – – - - - - - Not reported 

137Cs 1.510 0.021 1.380 0.116 -8.6% 8.5% Pass Pass Pass Accepted 

155Eu 1.057 0.020 – – - - - - - Not reported 
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TABLE 79. SAMPLE NUMBER S19N078 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.024 0.099 – – - - - - - Not reported 

89Sr 2.953 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.166 0.002 0.155 0.005 -6.1% 3.5% A A A Accepted 

137Cs 1.526 0.021 1.582 0.049 3.7% 3.4% A A A Accepted 

155Eu 1.068 0.020 – – - - - - - Not reported 

 

 

 

TABLE 80. SAMPLE NUMBER S19N079 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.006 0.099 – – - - - - - Not reported 

89Sr 2.943 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 3.400 0.500 1588.5% 14.8% Fail Pass Fail Not accepted 

134Cs 0.165 0.002 0.210 0.030 27.3% 14.3% Fail Pass Pass Not accepted 

137Cs 1.520 0.021 1.770 0.070 16.4% 4.2% Pass Pass Fail Warning 

155Eu 1.064 0.020 – – - - - - - Not reported 

 

  

7
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TABLE 81. SAMPLE NUMBER S19N080 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 5.130 0.110 2.6% 2.9% Pass Pass Pass Accepted 

89Sr 2.940 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 – – - - - - - Not reported 

137Cs 1.519 0.021 – – - - - - - Not reported 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 82. SAMPLE NUMBER S19N082 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.028 0.100 4.900 0.300 -2.6% 6.4% Pass Pass Pass Accepted 

89Sr 2.956 0.055 2.800 0.200 -5.3% 7.4% Pass Pass Pass Accepted 

90Sr 0.202 0.003 0.200 0.020 -1.1% 10.1% Pass Pass Pass Accepted 

134Cs 0.166 0.002 – – - - - - - Not reported 

137Cs 1.527 0.021 – – - - - - - Not reported 

155Eu 1.069 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N083 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final 

Score 

3H 5.020 0.099 5.050 0.207 0.6% 4.5% Pass Pass Pass Accepted 

89Sr 2.951 0.055 2.400 0.110 -18.7% 4.9% Pass Pass Fail Warning 

90Sr 0.202 0.003 0.210 0.008 4.0% 3.9% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.142 0.008 -14.1% 6.0% Pass Pass Fail Warning 

137Cs 1.525 0.021 1.560 0.049 2.3% 3.4% Pass Pass Pass Accepted 

155Eu 1.067 0.020 0.928 0.048 -13.0% 5.5% Pass Pass N Warning 

 

 

 

TABLE 84. SAMPLE NUMBER S19N085 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.997 0.099 4.740 1.056 -5.1% 22.4% Pass Pass Pass Accepted 

89Sr 2.938 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.169 0.015 2.6% 8.7% Pass Pass Pass Accepted 

137Cs 1.518 0.021 1.522 0.030 0.3% 2.4% Pass Pass Pass Accepted 

155Eu 1.062 0.020 0.341 0.051 -67.9% 15.0% Fail Pass Fail Not accepted 

 

  

7
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TABLE 83. SAMPLE NUMBER S19N086 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.027 0.100 – – - - - - - Not reported 

89Sr 2.955 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.166 0.002 0.133 0.040 -19.7% 30.1% Pass Fail Pass Warning 

137Cs 1.527 0.021 1.588 0.430 4.0% 27.1% Pass Fail Pass Warning 

155Eu 1.068 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N088 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.011 0.099 – – - - - - - Not reported 

89Sr 2.946 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.210 0.004 27.1% 2.1% Fail Pass Fail Not accepted 

137Cs 1.522 0.021 1.686 0.008 10.7% 1.4% Pass Pass Fail Warning 

155Eu 1.065 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N089 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.982 0.099 3.140 0.105 -37.0% 3.9% Fail Pass Fail Not accepted 

89Sr 2.929 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.168 0.010 2.3% 6.2% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.700 0.051 12.3% 3.3% Pass Pass Fail Warning 

155Eu 1.059 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N090 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.007 0.099 5.450 0.122 8.9% 3.0% Pass Pass Fail Warning 

89Sr 2.943 0.055 2.496 0.314 -15.2% 12.7% Pass Pass Pass Accepted 

90Sr 0.201 0.003 0.148 0.013 -26.5% 8.7% Fail Pass Fail Not accepted 

134Cs 0.165 0.002 0.199 0.007 20.6% 3.8% Fail Pass Fail Not accepted 

137Cs 1.521 0.021 2.080 0.019 36.8% 1.6% Fail Pass Fail Not accepted 

155Eu 1.064 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N094 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.991 0.099 – – - - - - - Not reported 

89Sr 2.934 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.155 0.015 -5.6% 10.0% Pass Pass Pass Accepted 

137Cs 1.516 0.021 1.518 0.022 0.1% 2.0% Pass Pass Pass Accepted 

155Eu 1.061 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N096 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.017 0.099 – – - - - - - Not reported 

89Sr 2.949 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.271 0.029 64.2% 10.7% Fail Pass Fail Not accepted 

137Cs 1.524 0.021 1.683 0.095 10.4% 5.8% Pass Pass Pass Accepted 

155Eu 1.066 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N094 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.991 0.099 – – - - - - - Not reported 

89Sr 2.934 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.155 0.015 -5.6% 10.0% Pass Pass Pass Accepted 

137Cs 1.516 0.021 1.518 0.022 0.1% 2.0% Pass Pass Pass Accepted 

155Eu 1.061 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N096 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.017 0.099 – – - - - - - Not reported 

89Sr 2.949 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.271 0.029 64.2% 10.7% Fail Pass Fail Not accepted 

137Cs 1.524 0.021 1.683 0.095 10.4% 5.8% Pass Pass Pass Accepted 

155Eu 1.066 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N097 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.017 0.099 – – - - - - - Not reported 

89Sr 2.949 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 – – - - - - - Not reported 

137Cs 1.524 0.021 7.100 0.600 366.0% 8.6% Fail Pass Fail Not accepted 

155Eu 1.066 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N098 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.954 0.098 4.881 0.201 -1.5% 4.6% Pass Pass Pass Accepted 

89Sr 2.913 0.054 – – - - - - - Not reported 

90Sr 0.199 0.003 – – - - - - - Not reported 

134Cs 0.163 0.002 0.154 0.009 -5.5% 6.2% Pass Pass Pass Accepted 

137Cs 1.505 0.021 1.484 0.049 -1.4% 3.6% Pass Pass Pass Accepted 

155Eu 1.053 0.020 1.178 0.122 11.9% 10.5% Pass Pass Pass Accepted 
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TABLE 83. SAMPLE NUMBER S19N099 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 4.638 0.104 -7.3% 3.0% Pass Pass Fail Warning 

89Sr 2.940 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.213 0.015 5.9% 7.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.153 0.009 -7.3% 5.9% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.466 0.019 -3.5% 1.9% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N101 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.982 0.099 5.064 0.141 1.7% 3.4% Pass Pass Pass Accepted 

89Sr 2.929 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.158 0.018 -3.7% 11.4% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.470 0.040 -2.8% 3.0% Pass Pass Pass Accepted 

155Eu 1.059 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N099 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 4.638 0.104 -7.3% 3.0% Pass Pass Fail Warning 

89Sr 2.940 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.213 0.015 5.9% 7.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.153 0.009 -7.3% 5.9% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.466 0.019 -3.5% 1.9% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N101 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.982 0.099 5.064 0.141 1.7% 3.4% Pass Pass Pass Accepted 

89Sr 2.929 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.158 0.018 -3.7% 11.4% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.470 0.040 -2.8% 3.0% Pass Pass Pass Accepted 

155Eu 1.059 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N099 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 4.638 0.104 -7.3% 3.0% Pass Pass Fail Warning 

89Sr 2.940 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.213 0.015 5.9% 7.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.153 0.009 -7.3% 5.9% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.466 0.019 -3.5% 1.9% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N101 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.982 0.099 5.064 0.141 1.7% 3.4% Pass Pass Pass Accepted 

89Sr 2.929 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.158 0.018 -3.7% 11.4% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.470 0.040 -2.8% 3.0% Pass Pass Pass Accepted 

155Eu 1.059 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N099 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.001 0.099 4.638 0.104 -7.3% 3.0% Pass Pass Fail Warning 

89Sr 2.940 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.213 0.015 5.9% 7.1% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.153 0.009 -7.3% 5.9% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.466 0.019 -3.5% 1.9% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N101 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.982 0.099 5.064 0.141 1.7% 3.4% Pass Pass Pass Accepted 

89Sr 2.929 0.054 – – - - - - - Not reported 

90Sr 0.200 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 0.158 0.018 -3.7% 11.4% Pass Pass Pass Accepted 

137Cs 1.513 0.021 1.470 0.040 -2.8% 3.0% Pass Pass Pass Accepted 

155Eu 1.059 0.020 – – - - - - - Not reported 

 

 

 

  

7
6
 



 

 

TABLE 83. SAMPLE NUMBER S19N105 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.002 0.099 5.200 0.260 4.0% 5.4% Pass Pass Pass Accepted 

89Sr 2.941 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 0.203 0.012 0.9% 6.0% Pass Pass Pass Accepted 

134Cs 0.165 0.002 0.156 0.011 -5.4% 7.1% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.490 0.051 -1.9% 3.7% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N107 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 4.992 0.099 16.500 2.080 230.5% 12.8% Fail Pass Fail Not accepted 

89Sr 2.935 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.164 0.002 – – - - - - - Not reported 

137Cs 1.516 0.021 1.410 0.046 -7.0% 3.5% Pass Pass Pass Accepted 

155Eu 1.061 0.020 – – - - - - - Not reported 

 

 

 

  

7
6
 



 

TABLE 83. SAMPLE NUMBER S19N108 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.017 0.099 5.456 0.307 8.8% 6.0% A A A Accepted 

89Sr 2.949 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 0.190 0.011 -6.0% 6.0% A A A Accepted 

134Cs 0.165 0.002 0.173 0.013 4.4% 7.6% A A A Accepted 

137Cs 1.524 0.021 1.540 0.064 1.1% 4.4% A A A Accepted 

155Eu 1.066 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N110 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.007 0.099 – – - - - - - Not reported 

89Sr 2.944 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.166 0.009 0.9% 5.8% Pass Pass Pass Accepted 

137Cs 1.521 0.021 1.671 0.085 9.9% 5.3% Pass Pass Pass Accepted 

155Eu 1.064 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N111 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.013 0.099 4.925 0.406 -1.7% 8.5% Pass Pass Pass Accepted 

89Sr 2.947 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.160 0.010 -3.1% 6.4% Pass Pass Pass Accepted 

137Cs 1.522 0.021 1.470 0.010 -3.4% 1.5% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N112 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.028 0.100 – – - - - - - Not reported 

89Sr 2.956 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.166 0.002 0.134 0.011 -18.9% 8.3% Pass Pass Fail Warning 

137Cs 1.527 0.021 1.628 0.042 6.6% 2.9% Pass Pass Pass Accepted 

155Eu 1.069 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N113 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.009 0.099 – – - - - - - Not reported 

89Sr 2.945 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.204 0.044 23.6% 21.6% Fail Fail Pass Not accepted 

137Cs 1.521 0.021 1.659 0.054 9.0% 3.5% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N115 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.013 0.099 – – - - - - - Not reported 

89Sr 2.947 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.157 0.020 -5.0% 12.8% Pass Pass Pass Accepted 

137Cs 1.523 0.021 1.429 0.033 -6.1% 2.7% Pass Pass Pass Accepted 

155Eu 1.066 0.020 0.544 0.031 -48.9% 6.0% Fail Pass Fail Not accepted 
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TABLE 83. SAMPLE NUMBER S19N116 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.012 0.099 – – - - - - - Not reported 

89Sr 2.946 0.055 – – - - - - - Not reported 

90Sr 0.202 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.133 0.023 -19.6% 17.7% Pass Pass Pass Accepted 

137Cs 1.522 0.021 2.827 0.255 85.7% 9.1% Fail Pass Fail Not accepted 

155Eu 1.065 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N117 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.006 0.099 – – - - - - - Not reported 

89Sr 2.943 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 – – - - - - - Not reported 

137Cs 1.520 0.021 1.457 0.110 -4.2% 7.7% Pass Pass Pass Accepted 

155Eu 1.064 0.020 – – - - - - - Not reported 
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TABLE 83. SAMPLE NUMBER S19N118 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.002 0.099 – – - - - - - Not reported 

89Sr 2.941 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.160 0.007 -2.9% 4.5% Pass Pass Pass Accepted 

137Cs 1.519 0.021 1.550 0.050 2.0% 3.5% Pass Pass Pass Accepted 

155Eu 1.063 0.020 – – - - - - - Not reported 

 

 

 

TABLE 84. SAMPLE NUMBER S19N119 

Radionuclide Assigned 

Value 

Assigned 

Uncertainty 

Reported 

Value 

Reported 

Uncertainty 

Relative 

Bias 

P test Accuracy Precision Trueness Final Score 

3H 5.008 0.099 – – - - - - - Not reported 

89Sr 2.944 0.055 – – - - - - - Not reported 

90Sr 0.201 0.003 – – - - - - - Not reported 

134Cs 0.165 0.002 0.106 0.032 -35.8% 29.9% Fail Fail Pass Not accepted 

137Cs 1.521 0.021 1.433 0.079 -5.8% 5.7% Pass Pass Pass Accepted 

155Eu 1.065 0.020 – – - - - - - Not reported 
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APPENDIX III. LIST OF PARTICIPATING LABORATORIES 
 

 

ALGERIA 
 

  

BENCHEIKH-LEHOCINE, A. Environmental Laboratory 

 Department of Environment and Nuclear Safety 

 Centre de Recherche Nucléaire d'Alger (CRNA) 

 Commissariat à l'Energie Atomique (COMENA) 

 02 Boulevard Frantz Fanon, BP 399 

 Alger GARE 

  

AUSTRALIA  

  

GREEN, L. Radioanalytical Services 

 Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) 

 619 Lower Plenty Road, Yallambie 

 Victoria 3085 

  

  

BANGLADESH  

  

HAYDAR, M.A. Health Physics and Radioactive Waste Management Unit 

 Bangladesh Atomic Energy Commission 

 Ganakbari 

 DEPZ Road, Savar 

 Dhaka 1349 

  

BELGIUM  

  

VERHEYEN, L. Low Level Radioactivity Measurements (LRM)  

 Belgium Nuclear Research Centre (SCK•CEN)  

 Boeretang 200  

 2400 Mol 

  

BOTSWANA  

  

NTHOKANA, T. Radioanalytical Laboratory 

 Radiation Protection Inspectorate 

 Gaborone International Finance Park 

 Private Bag B01 

 Gaborone 
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CANADA  

  

COOK, M. National Monitoring Section  

 Health Canada  

 Radiation Protection Bureau 

 775 Brookfield Road 

 K1A 1C1 Ottawa 

 Ontario 

  

CHINA  

  

HUANG, D. Laboratory of Marine Isotopic Technology and Environmental Risk 

Assessment 

 Third Institute of Oceanography 

 Ministry of Natural Resource 

 184# Daxue Road 

 361005 Xiamen 

  

CROATIA  

  

BITUH, T. Radiation Protection Unit 

 Institute for Medical Research and Occupational Health 

 Ksaverska Cesta 2 

 HR-10000 Zagreb 

  

Željko GRAHEK Laboratory for Radioecology 

 Ruđer Bošković Institute 

 Bijenička Cesta 54 

 10000 Zagreb 

  

CUBA  

  

FERNÁNDEZ GÓMEZ, I.M Laboratorio de Vigilancia Radiológica Ambiental (LVRA) 

 Centro de Protección e Higiene de las Radiaciones (CPHR) 

 Calle 20 No. 4113 entre 18a y 47 

 Playa 

 La Habana 

  

DEMOCRATIC REPUBLIC 

OF THE CONGO 
 

  

SOLO KUANDA, T. Laboratoire Central d'Analyse 

 Centre Regional d'Etudes Nucleaires de Kinshasa (CREN-K) 

 Commissariat General a l'Energie Atomique (CGEA) 

 Site Universite de Kinshasa 

 B.P. 868 Kinshasa XI 

  



 

  

ESTONIA  

  

JAKOBSON, E. Radiation Monitoring Bureau Laboratory 

 Environmental Board 

 Radiation Safety Department 

 Kopli 76  

 10416 Tallinn 

ETHIOPIA  

  

TOLAWAK, B.T. Radioanalytical Laboratory 

 Ethiopian Radiation Protection Authority 

 Radiation Research Division and System Development Directorate 

 Bulgaria Mazoria Yared Aregawi  

 Building 3rd floor, P.O. Box 20486, code 1000 

 Addis Ababa 

  

FINLAND  

  

KAIPIAINEN, M. Measurement and Analysis 

 Radiation and Nuclear Safety Authority (STUK) 

 Laippatie 4 

 00880 Helsinki 

  

FRANCE  

  

GALLIEZ, K. Institut de Radioprotection et de Sûreté Nucléaire (IRSN) 

 31 rue de l'Ecluse 

 78110 Le Vésinet 

  

GERMANY  

  

SCHMIED, S. Marine Radioactivity 

 Federal Maritime and Hydrographic Agency (BSH) 

 Wüstland 2 

 D-22589 Hamburg 

  

AUST, M-O. Federal Coordinating Office Environmental Radioactivity in Fish and 

Fishery Products, Crustaceans, Shellfish and Aquatic Plants 

 Thuenen-Institute of Fisheries Ecology 

 Herwigstraße 31 

 27572 Bremerhaven 

  

LUCKS, C. Federal Office for Radiation Protection 

 Fachgebiet UR 4 

 Köpenicker Allee 120-130  

 10318 Berlin 
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GREECE  

  

ANAGNOSTAKIS, M. Nuclear Engineering Laboratory 

 National Technical University of Athens 

 Nuclear Engineering Department (Building K) 

 School of Mechanical Engineering 

 NTUA Zografou Campus, Iroon Polytechneiou 

 9 Zografou 

 15780 Athens 

  

INDIA  

  

PULHANI, V. Bhabha Atomic Research Centre  

 Environment Monitoring and Assessment Division 

 Environmental Radioactivity Measurement Section 

 Trombay 

 Mumbai 400 094 

  

INDONESIA  

  

SUSENO, H. National Nuclear Energy Agency of Indonesia (BATAN)  

 Center for Technology of Radiation Safety and Metrology (PTKMR) 

 Marine Radioecology Laboratory 

 Jalan Lebak Bulus Raya No. 49 

 Jakarta 12440 

  

IRELAND  

  

ILKOV, M. Icelandic Radiation Safety Authority   

 Environmental Monitoring Laboratory 

 Raudarastigur 10 

 105 Reykjavik 

  

O'TOOLE, S. Environmental Protection Agency 

 Office of Radiation Protection and Environmental Monitoring 

 3 Clonskeagh Square  

 Clonkeagh Road 

 Dublin 

  

JAPAN  

  

YASUDA, M. Chugai Technos Corporation  

 Kanto Environmental Technology Center 

 2-2-16 Onodai  

 Midori-ku 

 Chiba City 267-0056 



 

  

  

JAPAN (cont.)  

  

INOUE, Y. Japan Atomic Energy Agency (JAEA) 

 Oarai Research and Development Institute (ORDC) 

 Radiation Protection Department 

 Radiation Dosimetry and Environmental Monitoring Section 

 4002 Narita-cho, Oarai-machi, Higashi-ibaraki-gun 

 Ibaraki-ken 311-1393 

  

HADA, H. Centre for Environmental Creation 

 Fukushima Branch Office 

 Fukushima Prefecture 

 16-6 Mitouchi, Hokida, Fukushima Shi 

 Fukushima Ken 960-8163 

  

NAKANO, M. Japan Atomic Energy Agency (JAEA) 

 Nuclear Fuel Cycle Engineering  

 Radiation Protection Department 

 Environmental Protection Section 

 4-33, Muramatsu, Tokai-mura, Naka-gun 

 Ibaraki, 319-1194 

  

NOMURA, K. Ehime Prefectural Nuclear Safety Center 

 Radioactivity Survey Unit 

 1-485-1 Honai-cho Miyauchi, Ywatahama 

 Ehime 796-0202 

  

KATO, D. Fukui Prefectural Environmental Radiation Research and Monitoring 

Center 

 Fukui Analytical Office 

 39-4 Harame Town 

 Fukui City 

 Fukui Prefecture 910-0825 

  

ISHIMARU, K. IDEA Consultants,Inc. 

 Division of Environmental Chemistry 

 3-15-1 Komazawa, Setagaya-ku 

 Tokyo 154-8585 

  

NOJIMA, T. Environmental Analysis Center of Niigata Prefecture 

 TT 

 53-1 Ojigouya, Kounan-ku 

 Niigata City 950-1144 
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JAPAN (cont.)  

KUWAHARA, Y. Ibaraki Prefectural Environmental Radiation Monitoring Center 

 11518-4 Nishijusanbugyo 

 Hitachinaka-shi 

 Ibaraki 311-1206 

  

OTA, T. Japan Chemical Analysis Center  

 Radioactive Analysis Division 

 295-3 Sanno-cho, Inage-ku 

 Chiba City 

 Chiba 263-0002 

  

EBATA, H. Niigata Prefectural Institute of Environmental Radiation Monitoring 

 Monitoring and Investigation Division 

 5-48 Sanwacho  

 Kashiwazaki City 

 Niigata 945-0034 

  

KONDO, T. Japan Environment Research Co. Ltd. 

 Fukushima Analysis Laboratory 

 Negiuchi 103-1, Takase, Namie-machi, Futaba-gun 

 Fukushima 979-1525 

  

MIYAZAWA, H. Tohoku Ryokka Kankyohozen Co. Ltd. 

 Environmental Analysis Center  

 3-8-22 Sakuragi, 

 Tagajyo City 

 Miyagi 985-0842 

  

ITO, N. The Oita Prefectural Institute of Health and Environment 

 8 Takae-nishi 2-chome, Oita-shi 

 Oita-ken 870-1117 

  

TAKASAWA, K. Tokyo Power Technology Co. Ltd. 

 Analysis Center 

 Environmental Affairs Division 

 2-3-6 Ohnodai, Midori-ku 

 Chiba City 

 Chiba Prefecture 267-0056 

  

KAGABU, Y. Tokyo Power Technology Ltd.  

 Nuclear Power Branch 

 Nuclear Power Division Fukushima  

 182-1 Nishikidai, Ookuma-machi, Futaba-gun 

 Fukushima 979-1305 

  



 

  

JAPAN (cont.)  

FUKAMI, T. Japan Atomic Energy Agency (JAEA)  

 Nuclear Science Research Institute 

 Department of Radiation Protection 

 Calibration Standards and Measurement Section 

 2-4 Shirakata, Tokai-mura, Naka-gun 

 Ibaraki 319-1195 

  

SHIMA, N. Kyushu Environmental Evaluation Association 

 Technical Division 

 1-10-1 Matsukadai, Higashi-ku 

 Fukuoka City 

 Fukuoka 813-0004 

  

KATO, Y. Chikyukagaku Kenkyusho Co. Ltd.  

 Geo-Science Laboratory Co. Ltd. 

 1-608 Uedahonmachi, Tenpaku-ku 

 Nagoya-city 468-0007 

  

KOJIMA, T. Kaken Inc. 

 Hori 1044, Mito 

 Ibaraki 310-0903 

  

AONO, T. National Institutes for Quantum and Radiological Science and Technology 

(QST)  

 Center for Advanced Radiation Emergency Medicine 

 Quantum Medical Science Directorate 

 Environmental Radionuclides Research Group 

 Department of Radioecology and Fukushima Project 

 c/o Fukushima Medical University 

 1 Hikariga-oka 

 Fukushima City 

 Fukushima 960-1295 

  

ANDOU, Y. Japan Environment Research Co. Ltd. 

 8-3 Asahi, Yoshikawa-shi, Saitama 

 〒342-0088 

  

SHIROTANI, Y. Marine Ecology Research Institute 

 Central Laboratory 

 300 Iwawada, Onjuku-Machi Isumi-gun 

 Chiba Prefecture 299-5105 
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JAPAN (cont.)  

TAKEUCHI, H. Saga Prefectural Environmental Research Center   

 Environmental Science Division 

 119-1 Nabeshima-machi Yaemizo 

 Saga City 

 Saga 849-0932 

  

KUWATA, H. Japan Atomic Energy Agency (JAEA)  

 Fukushima Environmental Safety Center 

 Fukushima Radiation Measurement Group 

 10-2 Fukasaku, Miharu-machi, Tamura-gun  

 Fukushima 963-7700 

  

FUJIKAWA, T. Laboratory for Instrumentation and Analysis 

 KANSO CO., LTD. 

 3-1-1 Higashikuraji, Katano-shi 

 Osaka 576-0061 

  

IRISAWA, A. Fukushima Prefectural Government   

 Environmental Radiation Monitoring Centre 

 Kankyo Housyasen Centre 

 Analysis / Monitoring Division 

 45-169 Sukakeba, Kaibama, Haramachi-ku, Minamisoma-shi 

 Fukushima 975-0036 

  

KAERIYAMA, H. National Research Institute of Fisheries Science 

 Fisheries Research and Education Agency  

 2-12-4 Fukuura, Kanazawa, Yokohama 

 Kanagawa 236-8648 

  

KENYA  

  

BARTILOL, S. Institute of Nuclear Science and Technology (INST)  

 University of Nairobi 

 Nuclear Analytical Techniques Laboratory 

 Harry Thuku Road, P.O. Box 30197 

 00100 Nairobi 

  

KUWAIT  

  

ABA, A. Kuwait Institute for Scientific Research (KISR) 

 Radioactivity Measurements Laboratory 

 Al-Shuwaikh 

 Jamal Abdul Nasser Street 

 13109 Kuwait City 

  



 

  

LEBANON  

  

BAYDOUN, R. Lebanese Atomic Energy Commission (LAEC)  

 National Council for Scientific Research (CNRS) 

 Environmental Radiation Control Department 

 Boulevard de la Cité Sportive 

 Immeuble Dagher et Fakhri 

 B.P.11-8281 Beirut 

  

  

MALAYSIA  

  

WAN MAHMOOD, Z. Malaysian Nuclear Agency   

 Radiochemistry and Environment Laboratory 

 Block 23, Bangi  

 43000 KAJANG 

 Selangor Darul Ehsan 

  

MONTENEGRO  

  

ANDJELIC, T. LLC Center for Ecotoxicological Research Podgorica 

 Radionuclide Analytics Unit 

 Put Šarla De Gola 2  

 81000 Podgorica 

  

NEW ZEALAND  

  

GOLOVKO, O. Institute of Environmental Science and Research (ESR)  

 Environmental Radioactivity Laboratory 

 27 Creyke Road, Ilam 

 8041 Christchurch 

  

NETHERLANDS  

  

ENGELER, C. Rijkswaterstaat CIV Laboratory 

 Zuiderwagenplein 2 

 8224AC Lelystad 

  

NIGERIA  

  

ONYAGBODOR, P.O. National Coordinating Centre IAEA TC Projects   

 Department of Animal and Environmental Biology 

 Marine Radioecology Laboratory 

 University of Port Harcourt 

 P.M.B 5323, East-west road, Choba 

 Port Harcourt 
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NORWAY  

  

VOLYNKIN, A. Institute of Marine Research (IMR)   

 Inorganic Chemistry Laboratory 

 Nordnesgaten 50 

 5005 Bergen 

  

STRÅLBERG, E. Institutt for Energiteknikk (IFE)  

 VERN avdeling 

 Instituttveien 18  

 2007 Kjeller 

NORWAY (cont.)  

  

HANNEVIK, M. Direktoratet for Strålevern og Atomsikkerhet (DSA) 

 Norwegian Radiation and Nuclear Safety Authority 

 Environmental Laboratory 

 Grini Naeringspark 13 

 1361 Østerås 

  

PAKISTAN  

  

YAQOOB, N. Isotope Geochemistry and Ecological Research Group (IGERG) 

 Pakistan Institute of Nuclear Science and Technology (PINSTECH) 

 Isotope Application Division (IAD) 

 Lehtrar Road 

 Nilore, Islamabad 

  

PHILLIPINES  

  

ENRIQUEZ, E. Philippine Nuclear Research Institute  

 Health Physics Research Section 

 Commonwealth Avenue 

 Diliman 1101 

 Quezon City 

  

POLAND  

  

ANIEWSKI, M. National Research Institute 

 Institute of Meteorology and Water Management 

 Department of Oceanography and Baltic Sea Monitoring 

 Waszyngtona 42 

 81-342 Gdynia 

  

  

  



 

  

PORTUGAL  

  

MADRUGA, M.J. Instituto Superior Técnico  

 Instituto Superior Técnico Campus Tecnológico e Nuclear 

 Laboratório de Proteção e Segurança Radiológica 

 Estrada Nacional 10 (km 139,7) 

 2695-066 Bobadela LRS 

  

RUSSIA FEDERATION  

  

KHAZIEVA, V. Joint Stock Company  

 Emergency Response Center of the Rosatom 

 Radiometric Department 

 3rd Verkhnii pereulok, 2А 

 194292 Saint-Petersburg 

  

RUSSIA FEDERATION 

(cont.) 
 

  

STEPANOV, A. Khlopin Radium Institute  

 Radioecological Monitoring Laboratory 

 2-nd Murinskiy pr.  

 28. Saint-Petersburg 

  

SINGAPORE  

  

TIONG, D. National University of Singapore   

 Singapore Nuclear Research and Safety Initiative 

 Radiochemistry Laboratory 

 1 Create Way 

 #B01-02, 138602 

  

KAERIYAMA, H. National Research Institute of Fisheries Science 

 Fisheries Research and Education Agency  

 2-12-4 Fukuura 

 Kanazawa, Yokohama 

 Kanagawa 236-8648 

  

SLOVENIA  

  

GLAVIČ-CINDRO, D. Jožef Stefan Institute   

 Laboratory for Liquid Scintillation Spectrometry 

 Laboratory for Radioactivity Measurements 

 Jamova 39 

 SI-1000 Ljubljana 
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ŠTROK, M. Jožef Stefan Institute  

 Department of Environmental Sciences 

 Jamova cesta 39 

 SI-1000 Ljubljana 

  

SOUTH AFRICA  

  

MAKAPELA, G. Eskom Koeberg Nuclear Power Station  

 Environmental Survey Laboratory 

 ESL Building 

 Off R27 West Coast Road, Duynefontein, Melkbosstrand 

 Duynefontein,  

 Melkbosstrand 

 Cape Town 7441 

  

  

  

  

SPAIN  

  

BRUACH, J.M. Universitat Autònoma de Barcelona  

 Grupo de Física de les Radiacions 

 Laboratorio de Radioactivitat Ambiental 

 Avinguda de l'eix Central 

 Fac. de Ciències, Campus de la UAB 

 08193 Bellaterra 

 Cerdanyola del Vallès 

  

PUJOL, L. Centro de Estudios y Experimentación de Obras Públicas (CEDEX)  

 Laboratorio de Aplicaciones Isotópicas 

 Edificio CETA 

 Calle Alfonso XII, 3-5 

 28014 Madrid 

  

SRI LANKA  

  

HANDAGIRIPATHIRA, L. Sri Lanka Atomic Energy Board   

 Gamma Spectrometry Laboratory 

 No. 60/460, Baseline Road, Orugodawatta 

 Wellampitiya 

  

SWEDEN  

  

ERIKSSON, M. Swedish Radiation Safety Authority (SSM) 

 RAL 

 171 16 Stockholm 

  



 

THAILAND  

  

CHANYOTHA, S. Chulalongkorn University  

 Department of Nuclear Engineering  

 Natural Radiation Survey and Analysis Research Unit 

 254 Phayathai Road, Pathumwan  

 10330 Bangkok  

  

PHATTANASUB, A. Thailand Institute of Nuclear Technology (Public Organization)  

 Radioactive Waste Management Center 

 Radioactivity Measurement Laboratory 

 16 Vibhavadee Rangsit Road, Chatuchak 

 Bangkok 10900 

  

CHENBUPAR, D. Office of Atoms for Peace   

 Safety Research and Development Section 

 16 Vibhavadi Rangsit Road 

 Ladyao, Chatuchak 

 Bangkok 10900 

TUNISIA  

  

OUESLATI, M. National Center for Nuclear Sciences and Technologies  

 Radioanalytical Laboratory 

 Technopole Sidi Thabet 

 2020 Ariana 

  

TURKEY  

  

TASKIN, H. Turkish Atomic Energy Authority (TAEK) 

 Çekmece Nuclear Research and Training Centre   

 Radioactivity and Analytical Measurement Group 

 Technology Development Department 

 Yarımburgaz mah, Nükleer Araştırma Merkezi Yolu 

 34303 Halkalı, K. Çekmece 

 İstanbul 

  

DIKMEN, H. and KAYA, N. Turkish Atomic Energy Authority (TAEK) 

 Department of Radiation and Accelerator Technologies 

 Gamma Spectrometry Laboratory 

 Saray Mah, Atom Cd. No: 27 

 06980 Kahramankazan 

 Ankara 

  

KAYA, N. Turkish Atomic Energy Authority (TAEK) 

 Department of Radiation and Accelerator Technologies 

 Liquid Scintillation Spectrometry Laboratory 

 Saray Mah, Atom Cd. No: 27 
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 06980 Kahramankazan 

 Ankara 

  

YÜCEL, H. Institute of Nuclear Sciences  

 Gamma Spectroscopy Laboratory 

 Ankara University 

 10. Yıl Campus, Degol Street, Tandogan 

 06100 Ankara 

  

UKRAINE  

  

LAPTYEV, G. Ukrainian HydroMeterologocal Institute (UHMI)  

 Radiometric Laboratory 

 37, Prospekt Nauki  

 03028 Kyiw 

  

  

  

  

  

UNITED ARAB EMIRATES  

  

AL MAAZMI, A. Nawah Energy Company   

 Environmental Radiochemistry Laboratory 

 P.O. Box 112040 

 Abu Dhabi 

  

GARIMELLA, V. Dubai Central Laboratory  

 Food Chemical Analysis Unit 

 P.O Box 7463 

 Dubai 

  

AL SHOUQ, A. Abu Dhabi Quality and Conformity Council  

 Central Testing Laboratory 

 Radiation Laboratory 

 P.O. BOX: 853 

 Delma Street 13 

 Delma Complex, Al Karma 

 Abu Dhabi 

  

UNITED KINGDON  

  

SMEDLEY, P. The Centre for Environment, Fisheries and Aquaculture Science (CEFAS)  

 Radioanalytical Services 

 Pakefield Road, Lowestoft 

 Suffolk NR33 0HT 

  



 

UNITED REPUBLIC OF 

TANZANIA 
 

  

MWALONGO, D.A. Tanzania Atomic Energy Commission  

 Food and Environmental Monitoring Laboratory 

 Headquarters  

 Njiro Block J, Plot No.216 

 743 Arusha 

  

UNITED STATES OF 

AMERICA 
 

  

PIKE, S. Café Thorium 

 Woods Hole Oceanographic Institution 

 Ms 25 Clark 447 

 266 Woods Hole Road, Woods Hole 

 Massachusetts 02543 

  

  

VIETNAM  

  

LE DINH, C. Institute for Nuclear Science and Technology 

 Environmental Monitoring 

 179 Hoang Quoc Viet Street 

 Cau Giay District 

 Hanoi 

  

NGUYEN, V.P. Nuclear Research Institute 

 01 Nguyen Tu Luc Street 

 670000 Dalat City 

 Lam Dong Province 

  

LE, N.S. Nuclear Research Institute 

 Center for Environment Research and Monitoring 

 Laboratory of Environmental Analyses 

 01 Nguyen Tu Luc Street, P.O. Box: 66100 

 Dalat City 

 

INTERNATIONAL ATOMIC ENERGY AGENCY 

  

MAURING, A. Terrestrial Environment Laboratory (NAEL-TEL) 

 International Atomic Energy Agency (IAEA) 

 Friedensstrasse 1  

 2444 Seibersdorf 

 AUSTRIA 
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