National Institute of Standards & Technology
Certificate

Standard Reference Material 4357
Ocean Sediment Environmental Radioactivity Standard

Thas Standard Reference Matenial {SRM) s a Blead of veean sediments collected off the coast of Scllaficld,
UK, and in the Chesapeake Bay, USA. The SRM has been developed in coeperation with member
faboratories of the International Committee for Radionuctide Metrology and expert nativnal laboratorics. The
SRM iz intended for use in tests of measurements ef environmental radioactivity contzined in matrices similar
to the sample, for evaluating analytical methods, and as a generally available calibrated "real” sample matrix
for interlaboratory interenmparisons.

Radiologicat Hazard

The SRM contains low levels of anthropogenic and natural radioactivity. The SRM poses no radiclogical
hazard, The SRM should be used only by quaiified guality control personnel.

Chemical Hazard

The SRM is a dried sterilized sediment and poses no chemical hazard.  However, inhalation or ingestion of
the matenial should be avoided.

Storage and Handling

The SRM should be stored in a dry location at room temperature. The botde should be shaken before
opening in a chemical kood, and the bottle should be recapped tightly as soon as subsamples are removed.

The bottle {or any subsequent container) should always be clearly marked. If the SRM s transported it should
be packed, marked, labeled, and shipped in accordance with the applicable national, international, and carrier
reguiations.

Preparation
This Standard Reference Maternial was prepared in the Physics Laboratory, lonizing Radiation Division,
Radioactivity Group, J.M.R. Hutchinson, Group Leader.  The overall technical direction Jeading to

certification was provided by K.G.W. Inn of the Radioactivity Group.

Statistical support was provided by 1. Filliben, E.S. Lagergren, W.S, Liggere, N.F. Zhang, and K.R. Eberhardt
of the Information Technology Laboratory, Statistical Engineering Division.

The support aspects invelved in the preparation, certification, and issuance of this SRM were coordinated
thraugh the Standard Reference Materials Program by N.M. Trahey,

Gaithersbury, Maryland 20899 Thomas E. Gills, Chiel
March 1997 Standard Refereoce Matertals Program
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Details of the SRM Preparation

Tnis SRM is a blend of material collected off the coast of Seilafield, UK, and in the Chesapeake Bay, USA,
m the weight ratio of 1200, respectively. AL Knight and M. Measures of the National Radiological Protection
Bourd, UK, coliceted, sieved ta <200 mesh, dried and analyzed the Scilaficld Sediment before sending it to
NIST  The Chesapeake Bay sediment was frecze dricd, blended with the Sellaficld sedimaent, sterilized with
30 kiloGrays of “Co radiation, and pulverized with a "pancake-siyle” air-jert mill.  The average particle
diameter for the resuiting powder is approximately 6 pum and more than 99 percent, by weight, of the particles
are less than 20 pm in diameter.

Instructions for Drying

When nonvolatile radionuclides are to he determined, working samples of this SRM should be dried i air
at A0°C for 24 hours prior o weighing,  Volaile radionuclides (c.g., s, 219y and "{"Pb} should be
deternlined on samples as reccived; separate samples should be dried as previously described to obtain a
correction factor for moisture.  Correction (or moistuze content s o be made to the data for volatile
radionuchdes before comparing to the certificd values This procedure ensures that these radionuclides are
not fost during deyving. The weight loss on drying is typically Jess than 2 percent,

Heterogeneity

This material has been measured using sample sizes of 1 grams te 100 grams, for which heterogeneity of
gamma-ray-emitling mnbmmchdex has been detectable. Furthermore, heterogencity has been detected at a
:‘dmplc size of 10 grams for 81 and transuranium radionuclides. The expected variation of measurements
due to beterogeneity has been incorporated in the certified tolerance limits and in the uncertainty of mean
concentration values,  The certficd values for radionuciides with a normal distribution of analytical
measurements are listed in Table 1. Table 2 lists the certified values for radionuchides with a non-normal
distribution of analytical mewsurements, It is recommended that a sample size of 10 grams or larger be used
for radiometric and radiochemical analysis.

Radionuclide Leachability
All actinides and their davghters are approximately 87 pereent removed from the sampie by HNO; or HNO;-
HCl leaching procedures. Total sample digestion or non-destructive analysis is required to produce results
that can be comparaed to those listed m this certificate
Application of the Certified Values
When § or more measurements are azailable, compute the sample mean and ascertaio that the mean falis
within the certificd mean plus uncertaintivs interval. When 4 or fewer measurements are available, then
ascertain that all of the individual values are within the certified tolerance Hmits interval.
Material Stability and Changes in Certified Values
This matnx s considered to be stable; however, its stability bas not been rigorously assessed, NEST wilt
monitor this material and will report any substantive changes in certified vatues to the purchaser. The
atlached registration card must be returned in order 10 recewve such notifications,
Technical Contacts

Kenneth G.W. Inn (e-mail: kennethimu@aist.gov, wicphvné' 1-301-975-5541, facsimite: 1-301-926-7416% or

'\

-3

Zhichao Lin (email: zelin@nist.gov; telephone: 1-301-975-5645; facsimule: 1-301-926-74163,
NIST, Building 243, Room C114, Gaithessburg, MDD 20899 USA.
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PROPERTIES OF SRM 4357

Source identification nurmber NIST SRM 4357

Physical Propertics:

Source description Powder in polyethylene bottle

Mass Approximately 83 g

Radinlogical Propertics:

Radioructides See Tables 1, 2, and 3

Reference time 16 February 1994 |
Massic activities {a}* See Tables 1, 2, and 3

Reiative uncertaintics ib] Sce Tables 1 and 2

Half lives used in the decay See Tables [, 2, ami 3 ':
COTTECHOnS

Measuring instrumenss and methoads Sce Tables t, 2, and 3

Calculation of the Uncertainties

The beotstrap is a computationally-intensive statistical procedure for estimating and compuiing the uncestainty
of a statistic whose form is complicated andior whose underlying assumptions {e.g., normalily) are noe-
standard.  The virtue of the procedure is that @ provides a straghtforyard, rigorous methodotogy for
computing uncertaintics that would otherwise be difficuit to obtain. See reference [4).

The bootstrap was utilized here for caleulation of the mean and the tolerance limits. The ealeslations of these
stalistics are complicated because the normality of some of the data is suspect.  The usual underlving
assumptions <o not hold due to a variety of experimental conditions, including interlaboratory biases, within-
laboratory methodology differences, and material heterogeneity.

Procedurally, the hootstrap estimate for the uncertainty of a statistic (e.g., the mean) is obtained as fullows:

L. From the original sample of n obscrvations, compute the statistic of interest (e.g., the mean}.
2 From the original o data points, extract @ random sample (with replacement) of n opoints (this

hecomes the bootstrap sample).

3. Compute the statistic of interest (¢.g., the mean} from this bootstrap sample (this will be the bootstrap
statistic).
4. Repeatsteps 2 and 3 a large number of times (e.g., 1000 times); the bootstrap statistic will, of course,

change from eoe boalstrap sample 10 the next,

A

Compute the standard deviation of the statistic by applying the usual standard deviation formuls 1o
the B0 boatstrap statistics,

SRM 4357, page Jof 10 " Notes amt references are on pages 9 and 0.
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Table 4: Semi-quantitative Emissian Spectrographic Analysis of SRM 4357, These values are not certilied, [g)

Blement g’ Element PO Element pgew
Ag 012 Ho <68 Re <10
Al T 24700 ‘ [ 31 [h) Rh =22
As <100 In <10 Ru <232
At <68 : Ir <15 Sb <68
B 34 K 5070 Se 28
| Ba 143 La 25 Si = 340000
' Be <(L1 ] Li <48 Sm < 10
Bi <|f ‘ Lu <15 Sn <46
Ca 6267 Mg 3930 Sr 64
[ Cd <32 Mn 163 Ta <320
| Ce <43 Mo 1.8 ™ «32
e | 29 Na 000 T <6
Cr 27 Nb i0 Tl <10
1 Cu 82 Nd <32 Tm <46
Dy <22 Ni 97 U <220
JL Er <46 Os <18 Y 21
| Eu <22 P <680 W <15
Fe L0700 Ph 12 % 12
Ga 35 Pd <10 ¥h 1.8
I o <32 P | <0 Zn 43
| Ge <4.6 Pt <22 2t 540
[ H <150
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Analytical Methods

HF-HNOy or HF-HNO-HCIO, dissolution
. NaQH-HCl each
. Nendestrucuve analysis
. Fusion
. Heat oxidation and charcoal-fitter trapping

(LR &

a. Germanium gamma-ray spectrometer

b. Thin-window beta-parhcle peiger counter

c. Sihicen surface-barrier alpha-particle spectrometer
d. Plastic-phaspbor beta-particle seintiilation counter
¢. Thermal-ianization mass speciromerter

Participating Laboratories and Personnel

Atomic Weapons Establishment (AWE)
Barry Warren
Aldermaston, UK

British Nuclear Fuels ple (BNL)
Trevor Bates
Sehafield, UK

Eovironmental Measurements Laboratory (EML)
LS, Depurtment of Energgy

Phillip Krey, Melvin Feiner [j}*

New York, NY., USA

Environmental Protection Ageocy (EPA)
Chung-King Liu [kl Rebert Holloway [m]
Las Vepas, NV, LISA

Geosclences Advisory Unit (GAU)
Sauthhampton Qceanography Cenirg
Ian Croudace

Southkamptor, UK

International Tecknology Corporation {1T)
James Harvey {n]
Qak Ridge, TN, USA

Karngzawa University (KU}
Masayosh: Yamamoto
Kanazawa, JA

Laboratory of the Government Chemist (LGC)
Anidrew Holms
Teddingron, UK

Laboratnire de Radioecologie Marine (LRM)
Comnussariat a L'Encrgic Atomigue

B. Germain

Center D'Studies Nucleaires de Fonteney-Aux-Roses, FR
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Ministry of Agricufture, Fisheries & Food (MAFT)
Benard Harvey
Lawestoft, UK

Nuclear Electric {NE)
Kevin Qdell
Gravesend, UK

Niedersachsisches Institut Fur Radicokologie {NIR)
J. Hand?
Hannover, GIE

National Institute of Standards and Technology (NIST)
Kenneth Inn, Zhichao Lin, James Filliben, Francis Schima
Gaithersburg, MD 20899, USA

National Physical Laboratory (NPL)
Michasl Woods, Simon Jerome
Teddington, UK

Nationai Radiological Protection Board (NRPB)
Donaid Poppleweil {j]*
Dideot, Oxfordshire, UK

Qalk Ridge National Laboratory (ORNL)
Martin Marietta Encrgy Systems

[.L. Larsen

Oak Ridge, TN, USA

Oregon State University
Thomas Beasley [p] {OSUB), C.A. Huh {OSUT
Newport, OR, USA

Radivlogical and Environmental Sciences Laboratory {RESL)

Stan Morton
Idaho Falls, 1D, 1JSA

South of Scotland Electricity Boardd (SSEB)
Peter Young
Hunterston, UK

Yankee Atomic Environmental Labocatory {YALL)

David MeCurdy
Bolton, MA, USA
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NOTES

Massic activity is the preferred name for the quantity activity divided by the total mass of the sample.
See reference [

For furthes information on the expression of uneertaintics, see references (2] and {31

The stated uncertainty is two time the standard deviation of the mean.

Nermal tolerance limit for 95 pereent confidence and 95 pereent coverage. See reference {3,
Weibull tolerance limit for 93 percent contidence and 98 percens coverage.

The stated uncertainty is the standard uncertainty. See reference {8],

Data provided by United States Department of the Interior, Geological Survey, Reston, Virginia.
Data provided by Niedersachsisches Institut fur Radiookotogic (NIR), Hannover, GE.
Retired

Now at the U.S. Duepartment of Energy, Richland, Washingtan.

Independent consultant,

EIChroM Industries, Inc.

Now at the U.S. Department of Encrgy Environmental Measurements Laboratory (EML), New York.
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