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Rational Ingtitute of Standards & Technology

Certificate

Standard Reference Material 4342
Thorium-230 Radioactivity Standard

This Standard Reference Material (SEM) consists ofradioactive thorium-2 30 nitrate and nitnic actd dissolved
in 5 mL of distilled water. The solution 15 contained 1n a flame-sealed NIST borosilicate-glass ampoule. The
SEM 15 intended for the calibration of alpha-particle counting instruments and for the monitonng of
radiochemical procedures.

Eadiological Hazard

The SEM ampoule contains thorium-230 with a total activity of approzmately 250 Bg. Thorium-230 decays
by alpha-particle ermssion. Mone of the alpha particles escape from the SEM ampoule. During the decay
process X-rays and gamma rays with energies from 12 keVio 600 keV are also ernitted. Most of these photons
escape from the SR ampoule but their intensities are o0 small that they do not represent aradiation hazard.
Approximate unshielded dose rates af several distances (as of the reference time) are g@iven in note [a]*. The
SEM should be uzsed only by persons qualified to handle radioactive material.

Chemical Hazard

The SEI ampoule containg nitric acid (HMO, Y with aconcentration of 1.3 moles per liter ofwater. The solution
15 corrosive and represents a health harard 1f 1t comes 1n contact with eyes or skin. If the ampoule 15 to be
opened to transfertﬂe solution, the recommended procedure 15 given onpage 2. The ampoule should be opened
only by persons qualified to handle both radioactive material and strong acid solution,

Storage and Handling

The SEM should be stored and used at a temperature between 5 and 65 °C. The solution in an unopened
arnpoule should remain stahle and homogeneous until at least January 2004

The atnpoule (or any subsequent cnntamer% should alwaysbe clearly marked as containingradioactive material
If the ampoule i3 transported it should be packed, marked, labeled, and shipped in accordance wath the
applicable national, international, and carrier reculations. The solution in the ampoule 18 a dangerous good
(hazardous mateﬂal) both becanse of the radio activity and hecause ofthe strong acid.

Preparation

This Standard Reference Matenial was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactiwity Group, LB Karam, Group Leader. The overall technical direction and physical measurements
leadingto certification were providedby L L. Lucas o fthe Radioactivity Group and D.B. Golas, Muclear Energy
Institute Research Associate,

The support aspects involved 1n the preparation, cerification, and 1ssuance of this SRM were coordinated
through the Standard Reference Materials Program by JW L. Thomas,

Gatthersbure, Maryland 20859 Thomas E. Gills, Chief
Apri] 1999 Standard Feference Materials Program
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See also reference [4]*.

Recommended Procedure for Opening the SREM Ampoule

If the SEM solution iz to be diluted, 1t 12 recommended that the diluting solution have a composition
comparahle to that ofthe SEM solution.

Wear eye protection, gloves, and protective clothing and work owver atray with absorbent paperin it
Work in a fume hood. In addition to the radioactive matenal, the solution contains strong actd and 15
COrrosive.

Shale the ampoule to wet all of the inside surface ofthe ampoule. Return the ampoule to the upright
position.

Checl that all ofthe liguid has drained out ofthe neck of the ampoule. [fnecessary, gently tap theneck
to speed the process.

Holding the ampoule upright, score the natrowest part ofthe neck with a scribe or diamond pencil.
Lightly wet the scored line. This reducesthe crack propagation velocity and makes for acleaner breals

Hold the ampoule upright with a paper towel, a wiper, or a support iz, Position the scored line away
from you. Using apaper towel o wiper to avold contamination, snap off the top ofthe ampoule by
pressing the narrowest part of the necl away from vou while pulling the tip of the ampoule towards
Fou

Transfer the solution from the ampouleusing apycnometer or a pipet wath dispenser handle. NEVER
FIPETTE BY MOUTH.

Seal any unused SEM solution in a flame-sealed glass ampoule, if pogsihle, to minimize the
evaporation loss.

*
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FROFPERTIES OF SREL 4342
(Certified values are shown in bold type)

Source identification number

MIGT SRM 4342

Fhyzical Properties:

Source description

Liguid in flame-sealed NIST borosilicate-glass ampoule

Ampoule specifications

Body outside diameter {16.5+ 0.5 mm
Wall Thiclness (0.60 + 0.047 mmn
Banium content Lessthan 2.5%
Lead-oxide content Less than 0.02%
Other heawy elements Trace quantities

Solution density

(L043 £ 0.002) ganL1 at22.4°C [h]*

Solution mass

Approxzmately 5.2 2

Chemical Properties:

Solution composition

Chetmical Concentration Ilass Fraction

Formula {tnol=L 1) (2™
H,O 53 noz
HMNO, 1.3 0.0%

ThiMNCy), 3=107 1 =107

Fadiological Properties:

Radionuclide

Thorium-230

Reference time (Separation time)

1200 EST, 8 June 1993

Massic activity of the solution [r]

47.48 Bg-g!

Relative expanded uncertainty (&=2)

058% [d] [¢]

Alpha-particle-emithing impunties

Th-229: (0.016 + 0.008) Borg? [f]
Th-232: {0.000024 £ 0.000002) Bgg™? [f]

Fhoton-ermitting impurities

Mone detected [g]

Half lives used

Thorium-229 (7340 £ 160) a [k
Thorium-230: ETSBEEI + 3007 a [h]
Thortum-232: {1.405 £ 0.006) = 109 a [h]

Ideasuring instriments

Twro 4700 liquid-scintillation counting systems
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EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [d]*

Input Cuantity x,, WMethod Used To Evaluate uix), Relative Relative Relative
the source of uncertainty the standard uncertainty of x Uncertainty | Sensitivat | Uncertanty
o (4) denotes evaluation by Of Input ¥ Of Output
(and individual statistical methods Cuantity, Factor, Cuantity,
uncertainty components {B) denotes evaluation by uix)x, | Syidx |- 2 (0,
where appropriate) other methods (%a) [1] (xh (%) [k]
(]
Idassic liguid- Standard dewiation of the mean 0.01 1.0 0.01
scintillation for 20 sets of liquid-scintillation
countrate, corrected for treasurements ?A}
hackeround and decay
Gravitnetric Estimated (B 0135 1.0 0.15
tmeasuretnents
Halflife of Th-230 Standard uncertainty 0.40 5% 108 2108
of the halflife (A) (1] [1]
Decay-scheme data Standard uncertainty of the 0.01 1.0 0.01
probakility of decay by alpha-
particle emizsion (&)
Extrapolation of Estimated (B 0.1 1.0 0.16
counf-rate-versus-eneey
to Zero energy
Live-time [p] Estimated (B) 0.10 1.0 0.10
Detection efficiency of Estimated (B) 0.10 1.0 0.10
the liguid- scintillation
counfing systetmns
Fadionuclidic impurities | Estinated (B) [q] 50 0.0014 0.07
Limit of detection (B) [f] 100. 0.001 0.10
Relative Combined Standard Uncertainty of the Output Quantity, 2,000 (%6) 0.29
Cowerage Factor, k 2
Eelative Expanded Uncertainty ofthe Output Quantity, Ty, (%) 0.58
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MOTES

The Sievert 15 the 51 unit for dose equivalent. See reference [1]. One pSvis equal to 0.1 mrem.
Distance from Ampoule (cm): 1 30 100
Approzitmate Dose Eate (pSwh): <01 -

The stated uncertainty 15 two times the standard uncertainty .

Massic activity 15 the preferred name for the quantity activity divided by the total mass of the sample.
See reference [1].

The reportedvalue, y, of massic actinty I:Eu:tl'd’ila( per unitmass) atthe referencetime was not measured
directly butwas derived from measurements calculations ofother quantities. Thiz canbe expressed

asy=fix, x, x, . %), where fiz amathematical function derived from the assumed model of the
measurement pruc:ess.

The walue, x, used for each input quantity i has a standard uncertainty, z(x), that generates a
corresponding uncertainty in y, () = |Gyidx |=u(x), called a component of combined standard
uncertainty ofy.

The combined standard uncertainty of ¥, £4,()), 15 the positive square root ofthe sum of the squares
ofthe components of combined standard uncertainty.

The combined standard uncertainty is multiplied by a coverage factor of &k = 2 to obtan 7 the
expan ded uncertainty of y.

Since it can be assumed that the possihle estimated values of the massic activity are approximately
normally distributed with approzimate standard dewation w.(y), the unknown wvalue of the massic
actiwity 15 helieved to lie inthe interval y+ Urwith a level of confidence of approxzimately 95 percent.

For further information on the expression ofuncertainties, see references [2] and [3].

The walue of each standard uncertainty component, and hence the walue ofthe expanded uncertainty
itzelf 1z a hest estirnate hazed upon all available information, hut 12 only approzimately nown. That
1z to say, the "uncertainty of the uncertainty" 15 large and not well known. This 15 true for uncertainties
evaluated by statistical methods (e.g., the relative standard dewviation ofthe standard deviation of the
mean for the massicresponse 13 approzmmately 50%%) and for uncertainties evaluated by othermethods
(whichcould easilybe over estimated orunder estimated by substantial amounts). The unknown value
ofthe expanded uncertainty 15 believed to lie in the interval 072 to 207(1. e, within a factor of 2 ofthe
estitnated walue).

Bazed upon mass-spectrometric measurements made by the supplier.
The master solution was chermcally punfied on & June 1993,

The estimated litt of detection for photon-emitting itmpurities is
0.0002 yegleg ! for eneroes between 16 ke and 1950 ke, prowided that the photons
are separated 1n energy by 4 ke or more from photons emitted in the decay of thorium-230.

The stated uncertainty 15 the standard uncertainty. See reference [5].

Eelative standard uncertainty of the input quantity x .
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The relative change in the output quantity y divided by the relative change in the input quantity x . If
= 1.0, then a 1% changein x results in a 1%% change iny. If | 8ydx |-
a 1% changein x results in a 0.05% change in

Relatiwe component of combined standard uncertainty of output quantity y, rounded to two significant
figures or less. The relature cnmpnnent of combined standard uncertainty of y 12 given by u(yihy =
| O, | el )y = The numernical values o fu(x )iz, |SWdx |=(xh), and w)ly, all
ditnensionless quantmes are 11sted in colurnns 3,4, and 5, respectively. Thus, the value in column 5
1z equal to the walue in column 4 multiplied hj.r the value in column 3. The input quantities are
independent, or very neatly so. Hence the covaniances are zeto or neglizible.

The relative standard uncertainty of As# 1z determined by the relative standard uncertainty of A (ie., of
the halflife). The relative standard uncertainty of #12 negligible.

The live time 15 determined by counting the pulses from a gated crystal-controlled oscillator,

The standard uncertainty given iz for the detected impurities. |S93x [«(xh) = {(response per By of
inpurity Wiresponse per Bg of Th-23001={(Bq ofimpunty WBg of Th-23001.

The standard uncertainty for each undetected impurity that might reasonably be expectedto be present
13 est:lmated to be equal to the estimated limit of detection for that impurity, 1.6, wix)x = 100%.
= {(response per Bq of impunty)/(response per Bg of Th-230)}+{(Bg of impunity)/(Bq
afTh-2 ED)} Thus ()15 the relative change in yifthe impunty were present with a massic activty
equal to the estimated lirmat of detection.
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