ﬁé"\% Pational Ingtitute of Standards & Technology

‘%,, ’ =y .
Certificate

Standard Reference Material 4356
Ashed Bone Environmental Radioactivity Standard

This Standard Reference Material (SRM)is an ashed blend of contaminated human hone and diluent bovine
bone. The 3RIM has been developedin cooperahon with metnber laboratones ofthe International Comrmttee
for Radionuchde Metrology and expert nahional laboratones. Itis intended forusein tests of measurements
of radicactiwity contamed in matnces simular to the sample, for evaluating analytical methods, and as a
generally avalable calibrated "real” sample matrix for laboratory intercornparisons.

Radiological Hazard: This SRM contains lowlevels of anthropogenic and natural radioactiwty and poses
no radiological hazard. The SEM should be used only by qualibied qualty control personnel

Chemical Hazard: The SEM 15 dned sterlized bone ash and ti;u:xses no chernical nor biological hazard.
However, inhalation or ingestion of the matenal should be avorded.

Storageand Handling: The SEM should be stored in a drylocation atroomtemperature. The bottle should
be shaken hefore being opened 1n a chermucal hood, 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 SRIM 1s transported, 1t
should be packe marl«nea. labeled, and shupped in accordance with applicable national, international, and
carmer regulations.

Preparation: This Standard Reference Matertal was preparedin the Physics Laboratory, lornzing Radiation
Divsion, Radioactivty Group, Lisa Karam, Group Leader. The overall technical direction leading to

certificahon of this matenal was prowvided by Z.C. Lin and K. GW  Inn of the Radioactinty Group.

Statistical support was provided by JJ Filliben of the Information Technology Lahoratory, Statistical
Engineenng Division.

The support aspects involved in the preparahon, cerhfication, and 1ssuance of this SRM were coordinated
through the Standard Reference Matenals Program by J.W.L. Thomas.

Technical Contacts:

Ztachao Lin (email: zhuchan hin@mnst. gov; telephone: 1-301-975-5645; facainule: 1-301-926-7416) or
Kenneth G.'W. Inn (e-mail. kenneth mn@rast. gow, telephone: 1-301-975-5541, facsurule: 1-301-526-7416),
NIST, 100 Burean Dnive, Mail Stop 8462, Gaithersburg Marvland 20899-8462 USA

Bert M. Coursey, Chief
lormzing Radiation Division

Gatthersburg, Maryland 20899 Thomas E. Gills, Director
Janmary 2000 Office of Measurement Services
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Details of the SRM Preparation: This SEM 15 a compastte matenal of contaminated human bone and
bovine bone in a weight ratio of 1:22 De-fleshed human bone with marrow and elevated radionuclide
concentration from the inventory of the U.S Transuramum and Uramum Registnies (USTUR) was selected
by Los Alamos National Lahoratory (LANL). The US. Department of Energy's Environmental
Measurements Laboratory (EML) collected de-fleshedbovine leg bones from alocal supplier in Mew York.
Using the LANL ashing procedure, all collected human and bowine bones were ashed step-wase to 450¢C
at EML, crushed, blended, and pulvenized with an air-jet Tﬁulva’izer‘ The median particle diameter of the
resulting powderis 1.8 jum with arange 0f 0. 7to 10 um. The resulting powder was re-blended &t EML and
sent to the National Institute of Standards and Technology (NIST). The powder was sterilized using 60 kGy
of 0Co radiation and then packaged All pathogens in the matenal matnx are expected to have been
destroyed dunng the ashing and 1rradiation processes.

Instructions for Drying: When nonvolatile radionuclides are to be determined, workins samples of this
SEM should be dned in air at 60°C for 24 hours prior to weighing Volatile radionuchides (g2, Rn and

daughters) should be determined on samples as recerved; separate samples should be dned as previously
describedto obtan acorrection factor for moisture. Correction for moisture content 1¢ to be made to the data
for volatile radionuclides before comparing to the values given by this certificate. This procedure ensures
that these volatile radionuclides are not lost dunng drying [1]*  The weight loss on drying 15 typically less
than 2 percent.

Heterogeneity: This material hasbeen measured using sample sizes of § gramsto 15 grams. The vanation
of measurements due to sample size was not stahstically sigrmficant. It 15 recommended that a sample size
of 5 grams or larger be used for radometric and radhocherical analysis. Because of the complicated
behavior of 22Rn 1n the SRIM bottle, the homogeneity of 20Fh and 20Po 11 the matenal may change over
tume.

Radionuclide Disegu.i.librimm Becanse ofthe way the composite matenal was prepared and because ofthe
frachionation caused by intemal biological processes, disequilibnum was found in the decay chain of 24U -

B0Th - 25Ra - 20Ph - 210Pq and BITh - 28R4 - 2BAc - 22Th. Compared with the natural decay chain of 24U and
BIUTh, thus matenal contains excess amounts of 20Fb, 20Pg, 26Ra, 28R a 1®Ac, and 2¢Th. Because the decay
chams of B4 and 222Th in the matenal are notin equilibrium, any measurement based on parent - daughter
relationships should be avoided unless the massic actiwity of all the members 1n the chain are cerhified

Material Stability and C‘lmnFs in Certified Values: This matrix 1 considered to be stable; however, i1ts
stability has not been ngorously assessed. NIST wall continue to monitor this matenal and will repott any
substantive changes in certified values to the purchaser.
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PROPERTIES OF SRM 4356

source identification number NIST SR 4356

Physzical Properties:

Source description Freeze-dried radiation-sterilized pulverized ashed bone
powder

Mass Apprommately 15 g

Radiological and Chetnical Froperties:

Radionuchdes See Tables | and 2

Reference time 1200 EST, 31 December 1995

Massic achivities [a]* See Tables 1 and 2

Uncertainties [h] See Tahle 1

Halflives used See Tahles 1 and 2

Measuring instruments and methods | See Tables | and 2

Elemental composition See Tahle 3

Calculation of the Tolerance Limits: In order to compute tolerance limits, a common mbust data
distribution across all 9 radionuclides was snuEht A set of 47 possible distributions and distributional
families was analvzed and the lognormal distribution prowided such a robust distributional fit [2]  This
distribution was then used to certify the 2.5% and 97.5% massic actiwty tolerance limts (at 95%
confidence). The combined uncertaintyis an inseparable contribution of factors thatinclude interlaboratory
variance, matenal heterngeneity, counting statistics, and analytical methodolopies. Because of this
complesmty, the calculations ofthe tolerance limitsrequire the utili zation ofthe bootstrap method (seebelow)
for the lognormal distribution.

The bootstrap 15 a computationally-intensive statistical procedure for estimatng and computing the
uncertamty of astatistic whose form is complicated or non-standard. The virtue of this procedureis that it
prowides a strasghtforward, ngorous methodology for computing uncertamties that would otherwise be
difficult to obtain. See reference [3] Procedurally, the bootstrap estimate for the uncertainty of a statistic
{e.g., the 2. 5% point) 15 ohtained as foll ows:

1 From the original sample of # observahons, compute the statistic of interest (e g, the 2.5% point).

2. Fromthe onpinal 72 Ubservatmns extract arandom sample (withreplacement) ofz observations (thus
hecomes the bootstrap sample).

3 Compute the statistic of interest (e g, the 2.5% point) from this bootstrap sample (this will be the
hootstrap statistic).

4, Repeat steps 2 and 3 alargenumber oftimes (e.g., 1000 tumes), the bootstrap statistic wall, of course,
change from one bootstrap sample to the next.

5. Compute the standard dewation of the statistic by applving the usual standard dewiation formula to

the 1000 bootstrap statistics, and compute a lower 5% confidence value which 95% of the 1000
bootstrap values exceed.
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Tahle I: Certified Massic Activities.

Mean £ 25p | 2.5% to 97.5% | MNumber Analytical
Radio- [c]* Tolerance Lirmt of Half Lafe Method(s) Contnbuting
nuchde | {mBgegl) [d] imBoegl) | Assays [e] Seepage Lahoratones
03¢ 426109 36.4 -49.5 32 (2878+x004)a | 3b, 5h, 3d IRMM, JCALC,
LIAFF, MIST,
NRFB
L6Fa 145+1.1 8.7-20.5 21 (16007 a la, 5d, 3e | IRMM, JCAC, JSI,
MAFF, FTEB
L0Th 0.52x0.03 0.34 -0.89 45 (75380 < 300) a 2c, 3c, 6o IR MM, JCAC,
LIAFF, MIST,
Wal
BTh | 098 +0.03 0.85-1.46 48 (1.405 = 0.006) 2c, 3c, 6c IRMM, JCAC,
x 10103 MAFF, NIST,
WSU
BT 0.64 +£0.02 0.49-0.89 60 (2.45+ 0.02) 2c, 3c, 6 [RMM, JCALC,
x105a LDMC, LDML,
MAFF, NIST, FTE
ezaN) 063x0.02 048-0.86 60 {(4.468 £ 0.003) 2c, 3c, 6t IRMM, JCAC,
x10%a LDMC, LDML,
MAFF, NIST, PFTB
=Py | 086001 0.73-1.0 79 (877+£0.3)a 2c, 3, o, ARPA, IRMM,
Tc JCAC, LDMC,
LDML, MAFF,
NIST, NRFB, FTB,
prsing
=y (24110430 a | 2e, 3o 6, ARPA IRMM,
+240Py | 126003 1.09-1.65 86 (564 110 a Tc JCAC, LDMC,
LDML, MAFF,
NIST, NRFEB, FTE,
el
H0m {(291z01)a 3c, 6c JCAC, LDMC,
+¥Cm | 012001 0.07-0.18 26 (1210+£0.03) a LDML, MAFF
F5EN 4356, page dof 10 *Motes and references are on page 2.




Tahle 2. Uncertified Massic Actiwities. Radinnuchdes for which there are insufficient numbers of data sets or for
which discrepant data sets were obtained. Mo uncertainties are provided because no meaningful estimates could be

made.
Range of Mumher , Analytical
Radin- Mean Reported Results of Half Life Method(s) Contributing
nuclide | (mBgegD (mBgegl Asgays [e]* Seepage 6 Lahoratonies
WK 49 41 .55 1a (1.277+ 0.008) la JCAC, FTB
x10%a
210Ph 20 12 .33 21 (223+0.2)a la, 3b, 3c | IRMM, JCAC, JSI,
MAFF, FTE
20Dy 13 11 16 5 {138,376 + 0.002) 4c MNRPE
d
Whe 6.9 47-8.1 10 (6.15£ 0.2)h la JCAC, FTB
28R4 6.1 58-6.3 5 (575+£003) a la JSI
28Th 71 6.0.92 57 (1.9131£0.0009) | 1a 2c 3c, | IRMM, JCAC, JSI,
a fic MAFF, NIST, FTE,
Wau
BSTJ 0.028 0.018 -0.055 35 (7.038+ 0.006) | 2c,3c, 6o JCAC, MAFF,
x108a NI=T, FTE
HlAm 9.98 B76-136 28 (432.7£06)a | la Zc 3o, ARPA TRMM,
6, 7o JCAC, JBI, LDMC,
LDLIL, MAFF,
NIST, HRPEB, FTE,
Wall

Data for these radionuclides are prowvided for information only  The massic activities are not certified at this tiume,
but may becerified at some future imeif additional databecome available. Users are inwited to submit measurement
data that they think mipht contribute to the certification process. The data should be sent to one of the technical
cotitacts listed on page 1.

Tahle 3: Uncertified Elemental Composition. Semm-guantitative Induchvely-Coupled Plasma Mass Spectrametric

Analysis of SRM 4356,
Element me=p! Element meg! Elernent gl |
Al 0.11 Cu 0.004 M1 0.003
Ba 0.15 Fe 0.86 Fb 0.0007
Ca 416 La 0.0003 ar[f] 0.173
Ce 0.0004 Mg 17 W 0.01
Cr 0.011 Mn 0.003 in 0.2
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Radiochemical and Detection Methods:

Mon-destructive

. HN(:-H,0,-HF-HC10,
HNCk

. HNZs-HC1

HNCk-HF

HNGCs;-H,Op

=1 O s L B

. Gertnanium gamma-ray spectrometer

. Beta-particle Getger counter

. Bilicon surface -barner alpha-particle spectrometer
. Ligquid scintillation counter

. Lucas Emanation

L3 o B 1]

Participating Laboratories and Personmnel:

Agenzia Regionale per la Protezione Ambientale (ARPA)
Mauro Magrom
Via Lago San Michele, 11, 10015 Ivrea (T}, Italy

Environmental Measurements Laboratory (EML)
Phillip Krey (Retired)
New Yordg NY, US4

Institute for Reference Materials and Measurements (IR MM)

Timos Altatzoglou
EC . JRC, Eetesewep, B-2440 Geel Belgium

Japan Chernical Analysiz Center (JCAC)
Yoshinort Takcata

Chiba-shu, Chiba 263, Japan

Josef Stefan Institute (JSI)
Matjaz Korum
Ljubljana, Slovema

Laboratoire d'Analyses Medicales (LDMC)
COGEMA-MARCOULE

Dudier Cavadore

BP 170 - 30206 Bagnols Sur Ceze Cedex, France

Laboratowre d'Analyses Medicales (LDML)
COGEMA-La HAGUE

L. Exmelin

50440 - Beaumont Hague Cedex, France
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Los Alamns National Laboratory (LANL)
James Mclnroy (Retired)
Los Alamos, NM, USA

Mitustry of Agriculture, Fishenes, and Food (MAFF)
B. F. Harvey
Parl-field Road, Lowestoft, Suffollc NE33 OHT, UK

National Radinlngical Pmtection Board {NEPE)
G. J. Ham
Chilton, Didcot, Oxon, OX11 ORQ, UK

Physikalisch-Technische Bundesanstalt (PTB)
H Wershofen
Postfach 3345, 38023 Braunschweig FRG

U 2 Transuramnum and Uramum Repistries (USTUR)
Ronald Kathren (Retired)
Richland, WA, USA

Washington State Urnnversity (WaU)

Sarn Glower
Pullman, WA 99164-1300 USA
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(4]

[b]
[c]

[d]

[e]
(]

(2]

[3]

[4]

(5]

[e]

(7]

NOTES

Massic activity 1s the preferred name for the quantity activity (Bg) divided by the total mass of the
sample. See Appendiz and reference [4].

For further information on the expression of uncertainties, see references [5] and [6]

Based upon a nommal distnbution. The expanded uncertainty 15 two tines the standard dewation of
the tnean (k=2).

The tolerance lunits are computed by the bootstrap method 1 concett with the loghormal
distribution. The tolerance lumuts define an interval in which 95% of the walues lie at a 95%
confidence lewvel.

The stated uncertainty 1z the standard uncertamty. See reference [7].

The concentratinn nf stahle Srinthe matrizwas quantitaively detetmined by hoth NIST and IR MM
The mean1s 0.173 meegl. Cne standard uncertamty 15 0.015 meeg'L.
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Appendix
Recommendations on the use of the certified values for validation of measurements or procedures:

If a single observation 15 made, that value should be within the certified tolerance interval with 95
percent probability and 95 percent confidence. If multiple observations are made, then approzmately
D554 of the observed data values should be wathin the certified tolerance interval; in addition, the normal

t-test should be employed which will compare the "locaton” of the observed data to the MIST certified
mean value and validate the measurements.

Examnple of performung this ttest:
Question: Alaboratory analyzed Pu-238 in Sreglicates of this SRIM to validate 1its method. The

analytical results were 0.823, 0.845, 0.875, 0.831, and 0.891 mBo/g The NIST certified
value 1s 0.864 mBog/e. s thelaboratory method valid ?

Perform a t-test to the data:

1 NIST's Certified Value: 1y =0.864 mBo/p
2. Lahoratory Data Summary Statistics
Sample size n=3
Sample mean x=0.853 mByg
Bample standard dewiation: 5=0.029 mPg'g
Significant level ofthe #test: =005
3 +-Test Statistic Value:
t-Test statistic value =(x- mn]lf%su‘(n)’ﬁ}
= (0.353 - 0.864)/[0.029/(5)"]
=-0.169¢
4 Cutoff Values:

Upper 2.5%s point of #y distribution = 2,776 (See Table A-1 on page 10)
Lower 2 5% point of fw 1 distribution = -2.776 (See Table &-1 on page 10)

Case 1 Iftest statistic value < lower cutoff value, then conclude method 1s invalid with negative

bias relative to the certified value, S N
Case 2: [ftest statistic value > upper cutoff value, then conclude method 1s invalid with positive

bias relative to the certified value
Caze 3: [f neither of the ahove, then conclude method 15 walid.

Answer: since the laboratory's test statistic value of -0.1696 15 neither > the upper cutoff value of
2776 nor < the lower cutnff value of -2 7764, then conclude: the labaratory's method for

Pu-238 analysis 15 valid.

SR 4356, page R af' 10



Tahle A-1 Probahility points of the ¢ distibution
with (n-17 degrees of freedom.

degrees tail area probability
of freedom {cutoff values)
(n-1) Upper 2.5%  Lower 2.5%
| 12.706 -12.706
P 4.303 4.303
3 3.182 -3.182
4 2776 2T
5 2.571 -2.571
f 2.447 -2.447
7 2 365 -2 365
3 2.306 -2.3086
] 2.262 -2.262
10 2228 -2 248
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