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Certified Reference Material 

CERTIFICATE 

IAEA-384 

RADIONUCLIDES IN FANGATAUFA LAGOON SEDIMENT 

 

Certified values for activity concentration 

(based on dry mass) 

  Expanded  
Radionuclide Certified value Uncertainty(a) Half-life [1] 

 [Bq kg-1] [Bq kg-1]  
40K 6.9  0.9  1.2522 (27) 109 years 

60Co 0.131  0.003  5.2711 (8) years 

155Eu 0.266  0.016  4.753 (14) years 

230Th  2.50  0.10  75.38 (30) 103 years 

238U  36.4 1.2  4.468 (5) 109 years 

238Pu  32.7  0.6  87.74 (3) years 

239+240Pu 108 13 - 

(a) The uncertainty is expressed as an expanded uncertainty using a 
coverage factor k = 2. 

 

Reference date for all specified radionuclide decay corrections: 01 January 2019 

 

 

 



 

Certificate_IAEA-384[_Rev.05] / 2025-11-24  Page 2 of 6 

NAEL.RM.F.007.01.Rev.05_Template for Certificate (Radionuclides) 

Information values for activity concentration  

(based on dry mass) 

  Expanded  
Radionuclide Information value Uncertainty(a) Half-life [1] 

 [Bq kg-1] [Bq kg-1]  
90Sr  0.87 0.61  28.80 (7) years 

137Cs  0.191 0.074 30.018 (22) years 

210Pb(b) 11.6 0.8 22.23 (12) years 

210Po(c) 11.8 0.8 138.3763 (4) days 

226Ra(d) 2.40  0.24  1600 (7) years 

228Ra(e) 0.117 0.039  5.75 (4) years 

228Th(f) 0.166 0.079 1.9126 (9) years 

232Th 0.023 0.007 14.02 (6) 109 years 

234U  40.3 2.2  2.455 (6) 105 years 

235U 1.76 0.12 704 (1) 106 years 

237Np  0.0100 0.0008  2.144 (7) 106 years 

239Pu 100 4 24100 (11) years 

240Pu 18.0 0.8 6561 (7) years 

241Pu 22 15 14.33 (4) years 

241Am(g) 9.3 1.0 432.6 (6) years 

(a) The uncertainty is expressed as an expanded uncertainty using a 
coverage factor k = 2. 

(b) Polonium-210 is in secular equilibrium with 210Pb. 
(c) Lead-210 values should be corrected for ingrowth from 230Th and 226Ra. 
(d) Radium-226 values should be corrected for ingrowth from 230Th. 
(e) Radium-228 values should be corrected for ingrowth from 232Th. 
(f) Thorium-228 values should be corrected for ingrowth from 232Th and 

228Ra. 
(g) Americium-241 values should be corrected for ingrowth from 241Pu. 

 

Reference date for all specified radionuclide decay corrections: 01 January 2019 
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Information values for isotope ratios 

(based on dry mass) 

Radionuclide Ratio 
Expanded 

Uncertainty(a) 
234U/(234U+235U+238U)(b) 0.000059  0.000005  

235U/(234U+235U+238U)(b) 0.00747 0.00062 

238U/(234U+235U+238U)(b) 0.992 0.064 

240Pu/239Pu(b) 0.0491 0.0029 

238Pu/239+240Pu(c) 0.303 0.035 

240Pu/239Pu(c) 0.180 0.011  

241Pu/(238Pu+239+240Pu)(c) 0.159 0.063 

(a) The uncertainty is expressed as an expanded uncertainty using a 
coverage factor k = 2. 

(b) Mass ratio. 
(c) Activity ratio. 

 

Origin and preparation of the material  

A sample of about 158 kg of sediment was collected by IAEA-MEL in July 1996 in Fangataufa 

Lagoon (French Polynesia), where nuclear weapon testing had been carried out. The 

sediment was frozen for 2 hours at -40 °C, then freeze-dried with a +5 °C increase in 

temperature per hour. Secondary drying was carried out over 24 hours under a pressure of 2 

Pa at a constant temperature of 40 °C. After drying, the sediment was ground into powder, 

passed through a 250 µm sieve and homogenised under a nitrogen atmosphere. The samples 

were then bottled in flasks under nitrogen gas, sealed with polyethylene caps and labelled 

with the code IAEA-384. The bottles containing 100 g of sediment powder each were sterilised 

at 25 kGy in an irradiation facility. 

Homogeneity of the material  

Sample homogeneity was checked by measuring the activity of 40K, 60Co, 137Cs, 155Eu, 210Pb, 
226Ra, 235U, 238U, 238Pu, 239+240Pu and 241Am of 30 bottles randomly chosen. Gamma-ray 

spectrometry measurements were performed on 10 to 220 g aliquots. Activity concentrations 

of 210Po, 235U, 238U, 238Pu, 239+240Pu and 241Am were determined, prior to radiochemical 

purification and enrichment, on 0.1 to 5 g aliquots by alpha-particle spectrometry. The 

homogeneity of these results was checked using one-way analysis of variance. The coefficient 

of variation was below 10% for radionuclides measured by gamma-ray and alpha-particle 

spectrometry. The between sample variances showed no significant differences from the 

within sample variances for all radionuclides tested. 

Characterization study 

The assigned values were established based on results reported by 94 invited laboratories. 

The following analytical techniques were used: Gamma-Ray Spectrometry, Alpha-Particle 

Spectrometry, Liquid Scintillation Counting, Inductively Coupled Plasma-Mass Spectrometry 

(ICP-MS). 
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Stability  

Long-term stability monitoring showed no significant changes to the assigned values of this 

material during 20 years of storage. 

Assignment of values – Certification procedure 

The assigned values were derived from results reported by participating laboratories to IAEA 

Environment Laboratories in Monaco [4,5]. Outlier values from the data sets were identified 

using Peirce’s Criterion [6], and the property values are expressed as the power-moderated 

mean [7] of the reduced data set, in accordance with current BIPM CCRI(II) practice. 

The Reference Materials (RM) Certification Committee accepted these assigned values as 

certified or information values as presented in this certificate. 

The criteria for certification and details on value assignment can be found in the certification 

report [4]. The report may be downloaded from: 

https://analytical-reference-materials.iaea.org/radionuclides 

Statement on metrological traceability and uncertainty of assigned values  

The property values assigned to the IAEA-384 Certified Reference Material were calculated 

as activity concentrations, expressed in the derived SI unit Bq kg-1. 

Evidence of metrological traceability to the SI units was provided for all results considered for 

the calculation of the assigned value(s).  

The related references of metrological traceability are presented in the certification report of 

IAEA-384 [4]. 

The measurement uncertainty associated with the assigned values is expressed as an 

expanded uncertainty using a coverage factor k = 2 estimated in accordance with JCGM 

100:2008 [3] and ISO 33405 [2]. 

Intended use 

This certified reference material is intended to be used for quality assurance and quality control 

purposes and is suitable for method development and validation of analytical procedures. 

IAEA-384 is not to be used for calibration. 

Instructions for use  

The IAEA-384 certified reference material is supplied in 100 g units. The material homogeneity 

is guaranteed if a minimum test portion of 0.1 g for α-particle spectrometry, 0.5 g for mass 

spectrometry and liquid scintillation counting and 1 g for γ-ray spectrometry is used, depending 

on the radionuclide analysed. 

To overcome segregation effects due to storage or transportation, the material should be 

mixed before opening the bottle. All necessary precautions should be taken when opening the 

bottle to prevent any spread of the fine powder in the laboratory.  

The IAEA does not guarantee the stability of the material for repeated sampling from the same 

RM unit, nor the stability of the material after opening and transfer to new containers. 

https://analytical-reference-materials.iaea.org/radionuclides
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Dry mass determination 

The average dry mass of the material was determined by drying several test portions of the 

material in an oven at 105 °C for 1-2 days and was found to be 0.6 %. Since the dry content 

can vary with ambient humidity and temperature, it is recommended to determine it prior to 

analysis and to report all results on a dry mass basis. 

Handling and storage  

The original unopened bottle should be stored securely at ambient temperature in a dark and 

dry place. It is recommended to avoid direct exposure to sunlight or to a source of heat. The 

material should be handled by experienced persons and is for laboratory purposes only. Any 

remaining material in the opened bottle should be stored in the same conditions, however the 

stability of the material cannot be guaranteed after initial use. 

Issue and expiry date 

The issue date of this Certified Reference Material is February 2013. The revision number (if 

any) and issue date of this certificate are provided in the footer of this document. Based on 

experience with similar materials, the validity of this certificate expires in February 2029. The 

IAEA is monitoring the long-term stability of the material and customers will be informed in 

case of any observed change. 

Legal disclaimer 

The IAEA shall under no circumstances be liable for any loss, damage, liability or expense 

incurred or suffered that is claimed to have resulted from the use of information contained in 

this Reference Material Certificate.  

Citation of this certificate  

It is suggested to cite this certificate according to the following example, as appropriate to the 

citation format used: INTERNATIONAL ATOMIC ENERGY AGENCY, Certified Reference 

Material Certificate IAEA-384, IAEA, Vienna. (The latest version published applies, see “Note” 

below). 

Note 

Certified values as stated in this certificate may be updated if more information becomes 

available. Users of this material should ensure that the certificate in their possession is current. 

The current version is available on the IAEA’s Reference Products website:  

https://analytical-reference-materials.iaea.org/radionuclides  

Further information 

For further information regarding this material, please contact the producer: 

Radiometrics Laboratory 

IAEA Marine Environment Laboratories 

Department of Nuclear Sciences and Applications 

International Atomic Energy Agency 

4, Quai Antoine 1er 

98000 Monaco 

Tel.: 0037797977272  

E-mail: NAML-RML.Contact-Point@iaea.org  

https://analytical-reference-materials.iaea.org/radionuclides
mailto:NAML-RML.Contact-Point@iaea.org
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Revision information  

Rev. 04 (2019-10-23) The values shown on this certificate differ from the previously issued certificate 

for these reasons: Uncertainties are quoted with a coverage factor of k = 2. Activity concentrations have 

been decay corrected to 1 January 2019. Isotope ratios for uranium and plutonium have been included 

as information values. Information values for 228Th and 237Np were included. Polonium-210 is in secular 

equilibrium with 210Pb. Lead-210 has been corrected for ingrowth from 230Th and 226Ra. Radium-226 

has been corrected for ingrowth from 230Th. Radium-228 has been corrected for ingrowth from 232Th. 

Thorium-228 has been corrected for ingrowth from 232Th and 228Ra. Americium-241 has been corrected 

for ingrowth from 241Pu. In some cases, the uncertainties have revised. 

Rev.05 (2025-11-24) Value of the mass ratio for 240Pu/239Pu was corrected. Value for 241Am was moved 

from certified to information value. 
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