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Standard Reference Material 4330B
Plutonium-239 Radioactivity Standard

This Standard Reference Material { SEI) consists of radicactive plutonium- 239 nitrate and nitric acid dissolved
in 5 mL of distilled water. The solttion is contained ina flame-sealed NIST borosilicate- glass ampoule. The
SEM 15 intended for the calibration of alpha-particle counting instruments and for the monitaring of
radiochemical procedures.

Radiobgical Hazaad: The SRM ampoule contains plutonium-239 with a total actisnty of approxamately 220
Bg Plutonium-239 decays by alpha-particle erssion. Mone of the alpha particles escape from the SRM
ampoule. During the decay process 2-rays and garmma rays with energies from 10 keV to 1 MeV are also
ernitted. Most ofthesephotons escape from the SRM ampoule but their intensities are so srnall that they do not
represent a radiation hazard. Approximate unshielded dose rates at several distances (as ofthereference time)
are given innote [a]* The SRM should be used only by persons qualified to handle radioactive material.

Chemical Hazazd: The SRM ampoule comtains mitric acid (HMNO:) wath a concentration of 3 moles per liter
of water. The solution 1s comrosive and representsa health hazardifit comesin contact with eyes or skin. [fthe
arnpoule is to be opened o transfer the solution, the recommended procedureis given onpage 2. Theampoule
should be opened only by persons qualified to handle both radinactive material and strong acid solution.

Storage and Handling: The SEIM should be stored and used at a temperature between 5 and 65 °C. The
solution in an unopened ampoul e should remain stable and homeogeneous until at least December 2009

Theampoule(orany subsequent container) shouldalways beclearly marked as containing radioactive material
If the ampoule is transported 1t should be packed, marked, labeled, and shipped in accordance with the
applicable national, intemational, and camier regulations. The solution in the armpoule 15 a dangerous good
{hazardous rmaterial) because of the radioactivity and because of the strong acid.

Preparation; This Standard R eference Matenial was prepared in the Physics Laboratory, lonizing Radiation

Diviston, Radipactivity Group, L.R. Kararn, Growp Leader. The overall technical direction and physical
measurements leading to certification were provided by L L. Lucas of the Radioactivity Group.

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Frogram by JW L. Thomas,

Bert M. Coursey, Chief

Jorizing Radiation Division

Gaithershurg, Maryland 20399 Thomas E. Gills, Director
March 2000 Office of Measurement Services
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Eecommended Procedure for Opening the SEM Ampoule

[fthe SEM solution is to be diluted, it is recommended that the diluting solution havea composition
cotrparableto that of the SRV solution.

Wear eve protection, gloves, and pirotective clothing and worle over a tray with absothent papet in it.
Wotkina fumehood. Inadditiot to the radioactive material, the solution contaitis sttong acid and iz
COfYOSive.

shalce the ampoule to wet all ofthe inside surface of the ampoule. Eeturn theampouleto the upright
position.

Checkthat all ofthe liquid has drained out ofthe neck oftheampoule. [fnecessary, gently tap theneck
to speed the process.

Holding the ampoule upright, score the narrovest part of the neck with a scribe or diatnond pencil,

Lightly wetthe scored line. Thisreduces the crack propagation velocity and makes for a cleaner brealk.
Huold thie atnp oule upright with a paper towwel, 2 wiper, ora suppott jig. Position the scored line away
from you. Usitig a paper towel or wiper to avoid contamination, snap off the top of the ampoule by

pressing the narrowest part of the neck away from you while pulling the tip of the ampoule towards
you.

Transfer the solution from the ampoul e using a pycnometer ora pipet with dispenser handle. NEVER.
PIFETTE BY MOUTH.

Seal any wmsed SEM solution in a flame-sealed glass ampoule, if possible, to minitmize the
evapotation loss.

See also reference [4]*
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PROPEERTIES OF SRIM 43308

Certified values
Radionuclide Plutoninm-239
Reference time 1200 EST, 15 November 1999
Massic activity of the soltion [b]* | 3924 Bqg™

Relative expanded uncertainty (4=2)

0.68% [c] [d]

Solution dengsity

(1101 £0.002) gemali? at 214 °C (]

Uncertified values

Physical Properties:

Source description

Liguid in flarne-sealed NIST borosilicate-glassampoule

Ampoule specifications B ody outside diameter (16.5% 0.5) mm
Wall thickness (0.60+ 0.04) mm
Barium content Less than 2.5%
L ead-oxide content Less than 0.02%
Other heavy elements Trace quantities

Solution rass Approximately 5.5 graras

Cherrical Properties:

Solution composition

Chemical Concentration Ilass Fraction
Fomraula (mol.L ) (gg™h
H:0 50 D.&2
HNGOs 3.1 0.18
HCl 002 0.0007
WPuNC;) 8= 10°% Sx 108

Radiological Properties:

Alpha-particle-emitting impurities

None detected [f]

Fhoton-emtting impurities

None detected [g]

Half lives used

Plutonium-239 (24110 = 30 a [h] [3]

Calibration rethod and measuring
mstrumnent(s)

Two 47 liquid-scintillation counting systems
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EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [c] [d]*

Input Quardtity x., Method Used To Evaluate wu{x), Relative Felative Felative
the source of uncetainty the standard vncerttainty of x. Uncettainty | Sensitivity | Uncertainty
(4) denotes evaluation by Of Input Factor, of OuT_,pm
(and individual statistical methods Quantity, | |dpdx|- | Quantity,

uncertainty components (B denntes evaluation by UCLNX: (xdp) Wy,

whereappropriate) other methods (%) [i] [i] (%) [K]
Massic alpha-particle Standard desriation of the mean 0.02 1.0 0.02
emission rate, for 18 sets of 47 liguid-
comected for background | scintillation measurements (4)
atid decay
Half life of Standard uncertainty 011 0.0005 0.00005
plutonium-2309 ofthe half life (A) [tn] ]
Decay-scheme data Standard uncertainty of the 0.001 10 0.001

probahbility of decay by alpha-
particle emission (A)

Cravimetric Estimated (B) 0.10 1.0 0.10
measremnents
Live-titne [p] Estimated (B) 0.10 1.0 0.10
Alpha-particle Estitnated (B) 0.27 1.0 037
detection efficiency of
the liguid-scintillation
coutiting systems [o]
Alpha-particle-emitting Litmit of detection (B) [t] 100. 0.001 0.10
tnpurities
Photon-emmitting Lirmit of detection (B [t] 100. 0.001 0.10
impurities
Relative Combined Standard Uncertainty of the Output Quantity, w(#)p, (%) 0.34
Coverage Fartor, & x4
kelative Expanded Uncertainty of the Cutput Quantity, iy, (50) 0.63
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NOTES

The Sievert 15 the STumt for dose equivalert. Seereference[1]. One pSv is equal to 0.1 fnrem.
Distance from Ampoule Ecm): 1 30 100
Approzimate Dose Rate (uSv/h):  <0.1 - -

Massic activity is the preferred name for the quantity actisity divided by the total mass of the sample.
See reference [1]

Thereported value, p, of tnassic activity (activity per unit mass) at the reference time wasnot measured
directly butwas denved frommeasurements and calculations ofother quantities. This canbe expressed
asy = fx..xr.,x, . %) where iz a mathematical function derived from the assumed model of the
measuremert process.

The value, x., used for each inpul guantity / has a standard uncertainty, u(x), that generates a
comresponding uncetainty in p, u(p) = |3pidx.|s1(x), called a componemt of combined standand
uncertainty of y.

The combined standad uncertainty of p, udy), is the positive square root of the sum of the squares
of the components of combined standard uncertainty

The combined standard uncertainty 15 mulliplied by a coverage factor of ¥ = 2 to obtain U, the
expanded uncertainty of p.

Since it can be assumed that the possible estimated values of the massic activily are approximately
normally distributed with approsimate standard dewmation w.(p), the unknown value of the massic
activity is believed to liein theinterval p + Uwith alevel of confidence of appro:imately 95 percent.

For further information on the expression of uncertainties, see references [2] and [3]

The value of each component of combined standard uncentainly, and hence the value of the expanded
une e:rt:ai%;ts,elf, 15 a best estimate based upon all available information, but is only approximately
known, t 15 to say, the "uncertainty of the uncertamnty” is large and not well known, Thas 1s true
for uncertamties evaluated by statistical methods (e g, the relative standard dewiation of the standard
deviation ofthe mean for the massic count rateis approximately 5090) and for uncertainties evaluated
by other methods (which could easily be over estimated or under estirnated by substantial amounts).
The unknown value ofthe expanded uncetainty1s believed te e inthe imnterval 2to 20(1 e, within
a factor of 2 of the estimated value).

The stated uncertainty s two times the standard uncertainty.

Estimated lirnits of detection for alpha-particle-emutting impurities are:

0.04 slg? for energies less than 4.9 eV and

0.001 sg™? for energies greater than 5.2 MeV.

From mass-spectrometric measurements performed by the supplier, the massic activities of other
detected radionuclides (in B L‘L-g“ at the reference time) are;

Py 0.002; *Pu=002; *Pu:=0.000003; ®Am: =0.001

From the photon measurements below, we have " Am: = 0.0006

Estimated lirmits of detection for photon-emutting impurtties are:

0.000200 s7lg™? for energies between 42 5and  90keV,

0.000030 s7lg™ for energies between 102 and 125 keV,

0.000030 s™%g™ for energies between 133 and 1456 keV, and

0.000008 slg™ for energies between 1465 and 3500 ke,

provided that the photons are separated in energy by 4 keV ormore from photons enatted in the decay
of plutornum-239.
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The stated uncettainty is the standard uncettainty.
Relative standard uncertainty of the input quantity x

Therelative change in the output quantity p divided by the relative change in the input quantaty x.  If
|83 [Cxle) = 1.0, thena 1% changeinx. resultsina 1% change in p. If |OWdx |-(xly) =0.05, then
a 1% changein x, results ina 0.05% changeiny.

Relative component of combined standard uncertainty of output quantity y, rounded to two significant
figures orless. The relative component of combined standard uncerttainty of p 15 mwven by wlpilp =

S |(ely = [OWdr: [{xdp) =t Thenumerical values ofulx)x:, |GWSx [{(xlp), andu(pip, all
Jirﬁmslnrﬁe:;gquln{gities[{arép Eistlgd 1}n colutnns 3,4, and 5, resp ectgvn;:llly. |'l' us, I.Lg V"Que it c:gﬁrynn 5
is equal to the walue in column 4 multiplied by the value in column 3. The input quantities are

indepetident, or very nearly so. Hencethe covariances are zeto or negligible.

The relative standard uncertainty of Astis determined by therelative standard uncertainty of A (ie., of
the half life). The relative standard uncertainty of ¢ is negligible.

o [{(xipy = | Aot
The live titne 1 determined by counting the pulzes from a gated oscillator.

Includestheuncertainty inthe alpha-fguaxﬁclt detection efﬁciann:)fr oftheliquid-scintillation cocltail and
the uncertainty associated with the fuute detection threshold of the counting electromnics.

The standard vncertainty for eachundetected impurity that might reasonably be expected to bepresent
15 estimated to be equal to the estimated limit of detection for that impurity, 1.6 wix )z = 100%.
|GWdx. | xiyy = {(response per Bg of impurityi(response per Bo of plutonium-23934{(By of
impurnity(Bg of plutnrﬁmn-ﬂ?ﬂ}. Thusu(P)ly is therelative change iny if the impurity were present
with a massic activity equal to the estirnated limit of detection.
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