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CERTIFIED REFERENCE MATERIAL
IAEA-385

NATURAL AND ARTFICIAL RADIONUCLIDES IN SEDIMENT
FROM THE IRISH SEA

Certified values for activity concentrations
(based on dry mass)

. . Certified value Expanded uncertainty”
Radionuclide (Bq kg'!] [Bq kg
40K 611 27
137Cs 19.8 0.6
226Ra" 22.8 0.6
228Rat 33.6 2.0
230Th 31.8 1.4
232Th 33.8 0.9
234y 27.2 1.2
238y 29.4 1.2
238py 0.392 0.021
239/240py 2.98 0.26
21Am* 4.42 0.23

*The uncertainty is expressed as an expanded uncertainty using a coverage factor k = 2 estimated in accordance with
the JCGM 100:2008 'Evaluation of measurement data - Guide to the expression of uncertainty in measurement' [1] and
1SO Guide 35 [2].

¥Radium-226 values should be corrected for ingrowth from 23°Th.

#Radium-228 values should be corrected for ingrowth from 232Th.

*Americium-241 values should be corrected for ingrowth from 2*!Pu.
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Reference date for decay correction:

1 January 2019

Information values for activity concentrations

(based on dry mass)

Certified value

Radionuclide

Expanded uncertainty”

[Bg ke™] [Ba kg™']

05 0.339 0.057
210pp¥ 28.5 1.9
210pg” 29 2
228+ 33.6 14
25y 1.36 0.11
3'Np 0.0185 0.0027
239py 1.92 0.07
240py 1.18 0.11
241py 9.9 1.0

*The uncertainty is expressed as an expanded uncertainty using a coverage factor k = 2 estimated in accordance with
the JCGM 100:2008 'Evaluation of measurement data - Guide to the expression of uncertainty in measurement' [1] and

1SO Guide 35 [2].

*Polonium-210 is in secular equilibrium with 2°Pb.

*Lead-210 values should be corrected for ingrowth from 2°Th and 2%°Ra.

*Thorium-228 values should be corrected for ingrowth from 232Th and ?%Ra.

Reference date for decay correction:

1 January 2019
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Information values for isotope ratios
(based on dry mass)

Radionuclides Ratio Expanded uncertainty”
Bay/(Bru+PU+38Y)" 0.000050 0.000004
Z5Y/(34U+2PU+238Y)’ 0.00700 0.00100
238 /(234U+23U+238Y)" 0.9930 0.0680

240py /239py* 0.168 0.016

238py /239+240p ¥ 0.132 0.014

280py /239py 0.613 0.058
241py /(238py+239+240py) ¥ 2.95 0.30

*The uncertainty is expressed as an expanded uncertainty using a coverage factor k = 2 estimated in accordance with the JCGM
100:2008 'Evaluation of measurement data - Guide to the expression of uncertainty in measurement' [1] and I1SO Guide 35 [2].

"Mass ratio.
*Activity ratio.

Reference date for decay correction: 1 January 2019

Changes made to previous certificate

The values shown on this certificate differ from the previously issued certificate for these reasons:

e Uncertainties are quoted with a coverage factor of k =2

e Activity concentrations have been decay corrected to 1 January 2019
e [sotope ratios for uranium and plutonium have been included as information values
e Information values for 22Th and 2*’Np are included

e Polonium-210is in secular equilibrium with 2°Pb

e Lead-210 has been corrected for ingrowth from #°Th and %*°Ra
Radium-226 has been corrected for ingrowth from #°Th

Radium-228 has been corrected for ingrowth from 232Th
Thorium-228 has been corrected for ingrowth from 22Th and #?®Ra

e Americium-241 has been corrected for ingrowth from 2*'Pu

e In some cases, the uncertainties have changed

Origin and preparation of the material

A sample of about 250 kg of sediment was collected from the Irish Sea (54.3°N, 3.7°W) by the Centre
for Environment, Fisheries and Aquaculture Science (CEFAS), Lowestoft, U.K., in 1995. 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 um 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 according to I1SO standards at 25 kGy in an irradiation facility.
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Characterisation study

The IAEA-385 candidate reference material was characterised in an interlaboratory comparison (ILC)
with participation of 99 laboratories, including expert laboratories, from Australia, Austria, Bulgaria,
Finland, France, Germany, Greece, Hungary, Japan, Lithuania, Morocco, Netherlands, New Zealand,
Poland, Portugal, Serbia, Slovakia, Slovenia, South Africa, Spain, Sweden, U.K., U.S.A., and the IAEA
Laboratories in Monaco and Seibersdorf. The ILC was organised between 1998 and 1999 in order to
give the participating laboratories the possibility of testing the performance of their analytical
methods on a sediment with elevated radionuclide levels due to nuclear weapons tests. The
laboratories were requested to determine as many radionuclides as possible by y-ray spectrometry,
as well as transuranium radionuclides and other radionuclides requiring radiochemical separation and
a- or B-particle counting or mass spectrometry.

Assignment of values - Certification procedure

The assigned values were derived from results reported by participating laboratories to the IAEA
Environment Laboratories in Monaco [3]. Outlier values from the data sets were identified using
Peirce’s Criterion [4], and the property values are expressed as the power moderated mean [5] of the
reduced data set, in accordance with current BIPM CCRI(Il) practice.

No changes to the assigned values have been made (other than correction for radioactive decay and
ingrowth to the given reference date); the stated uncertainties have been recalculated [4].

The details concerning all reported results as well as the criteria for certification have been published
separately [3, 6]. All other documents are available upon request.

Evidence for metrological traceability was provided by all laboratories and is summarised in the final
report [3]. Based on the evidence on calibrators used, quality control procedures applied by the
participating laboratories and their generally high-quality performance in the IAEA proficiency tests,
the IAEA Reference Materials Certification Committee accepted the assigned values as the certified
values for this material.

Statement on metrological traceability and uncertainty of assigned values

The property values assigned to the IAEA-385 certified reference material were calculated as activity
concentrations of each radionuclide, expressed in the derived SI unit Bg kg?!. Measurement
uncertainty associated with individual assigned values is expressed with a coverage factor of k = 2 (the
95.4 % confidence interval) of the power moderated mean [5].

Intended use

This Certified Reference Material is intended to be used for:

e quality assurance and quality control of the analysis of radionuclides in sediment samples,

e the development and validation of analytical work, and

e training purposes with eleven certified values (*°K, 3’Cs, 22°Ra, 228Ra, 2°Th, 232Th, 234U, 238U, 238pu,
239/240Pu and 241Am).

Based on the above metrological traceability statement, this material is not to be used as calibrator.

Instructions for use

The reference material is supplied in 100 g units. The minimum sample mass laboratories advisable
for analysis when using the IAEA-384 CRM is 10 g for radiometric methods (a-particle spectrometry,
liquid scintillation counting and y-ray spectrometry) and 5 g for mass spectrometry, depending on the
radionuclide analysed. To overcome potential segregation effects due to storage, the material should
be re-homogenised before use.
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Homogeneity of the material

Sample homogeneity was checked by measuring the activity of 4K, ¥’Cs, 2°Po, 23°U, 238U, 238py,
239+240py and 24*Am in 44 bottles randomly chosen. Gamma spectrometry measurements (for *°K, $3’Cs
and 2*!Am) were performed on 10 to 60 g aliquots. Activity concentrate of 2°Po, 235U, 238U, 238py,
239+240py and 2**Am was determined, prior to radiochemical purification, on 0.1 to 5 g aliquots by a-
particle spectrometry or mass spectrometry. Homogeneity of these results was checked using one-
way analysis of variance. The coefficient of variation was below 10% for radionuclides measured by y-
ray spectrometry and 15% for radionuclides measured by a-particle spectrometry or mass
spectrometry. The between samples variances showed no significant differences from the within
sample variances for all radionuclides tested.

Dry mass determination

The average moisture content of the lyophilised sample after bottling, determined by drying several
aliquots in an oven at 105°C to constant mass (1-2 days), was found to be approximately 1.8%. Since
moisture content may vary with ambient humidity and temperature, it is recommended to check 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 dry place;
ambient light, especially UV should be kept to a minimum. Analysts are reminded to take appropriate
precaution in order to avoid contamination of the material during handling.

Issue and expiry date

The issue date of this reference material is 31 December 2019. The expiry date is 1 January 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 makes no warranties, expressed or implied, with respect to the data contained in this
reference sheet and shall not be liable for any damage that may result from the use of such data.

Compliance with ISO Guide 31:2015

The content of this IAEA Reference Sheet is in compliance with ISO Guide 31:2015 [7].

Citation of this reference sheet

It is suggested to cite this reference sheet according to the following example, as appropriate to the
citation format used: INTERNATIONAL ATOMIC ENERGY AGENCY, Reference Sheet for IAEA-385,
‘Natural and artificial radionuclides in sediment from the Irish Sea’. IAEA, Vienna, 6 pp. (The latest
version published applies; see ‘Note’ below).

Note

Certified values as stated in this reference sheet may be updated if more information becomes
available. Users of this material should ensure that the reference sheet in their possession is current.
The current version may be found in the IAEA’s Reference Materials online catalogue:
http://nucleus.iaea.org/rpst/ReferenceProducts/ReferenceMaterials
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Further information:

For further information regarding this material, please contact:

Radiometrics Laboratory
International Atomic Energy Agency
Environment Laboratories

4, Quai Antoine ler

MC 98000 MONACO

Tel.: 37797977272
Fax: 37797977273
E-mail: NAEL-RML.Contact-Point@iaea.org
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