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Standard Reference Material 4288A
Technetium-99 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive (cehnetium-99, as potassium pertechnetate,
and potassium hydroxide dissolved in 5 mL of distilled water. The solution is contained in a Name-sealed NIST
borosilicaze-glass ampoule. The SRM is intended for the caiibration of beta-particle counting instruments and
for the monitoring of radiochemical procedures.

Radiological Hazard

The SRM ampoule contains technetium-99 with a total activity of approximately 160 kBq. Technetium-99
decays by beta-particle emission. None of the beta particies escape from the SRM ampoule. During the decay
provess no photons are emitied. Approximate unshielded dose rates at several distances (as of the reference
time} are given in note {a]*  There is no detectable external radiation. The SRM should be used anly by
persons qualitied to handle radicactive material.

Chemical Hazard

The SRM ampouic contains potassium hydroxide (KOH) with a concentration of 0.001 moles per liter of
water. The solution is mildly corrosive and could represent a health hazard if it comes in contact with eyes

or skin. If the ampoule is to be opened to transfer the solution, the recommended procedure s given on page
2

N

Storage and Handling

The SRM should be stored and used at a temperature between § and 65 °C. The solution in an unopened
ampouie should remain stable and homogencous until at least September 2006,

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) because of the radioactivity,

Preparation
This Standard Reference Material was prepared in the Physics Laboratory, Tonizing Radiation Division,
Radioactivity. Group, JM.R. Hutchioson, Group Leader. The overall technical dircction and physical

measurements leading to certification were provided by L.L. Lucas of the Radioactiwity Group.

The support aspeets involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Pragram by N.M. Trahey,

Guithersburg, Marviand 20899 Thomas E. Gills, Chief
Ogctober 1996 Standard Reference Materials Program
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Recommended Procedure for Opening the SRM Ampoule

If the SRM solution is to be diluted, it is recommended that the diluting solution have a composition
comparable 10 that of the SRM solution.

Wear eye protection, gloves, and protective clothing and work over a tray with absorbent paper in it,

Shake the ampoule to wet all of the inside surface of the mmpoule. Return the ampouls to the
upright position.

Check that all of the Tiquid has drained out of the neck of the ampoule, 1 necessary, gently tap the
neck to speed the process.

Holding the ampoule upright, score the narrowest part of the neck with a seribe or diamond pencil.

Lightly wet the scored Jine. This reduces the crack propagation velocity and makes for a cleaner
break.

Hold the ampoule upright with a paper towel, a wiper, or a support pg. Position the scored line away
from you, Using a paper toweal or wiper 10 avoiri contamination, snap off the top of the ampoule by
pressing the narrowest part of the neck awav from vou while pulling the tip of the ampoule towards
YOu.

Transfer the solution from the ampoule using a pycnometer or a pipet with dispenser handle.
NEVER PIPETTI BY MOUTIL

Scal any uvnused SRM salution i a flame-sealed glass ampoule, if possibie, to minimize the
evaporation loss. See also reference [4]°.

SRM 42887, page 2 0f 6 *Notes and references are on pages § and 6.



PROPERTIES OF SRM 4288A
(Certified values are shown in bold type)

Source identification number

NIST SRM 4288A

Physical Properties:

Source deseription

Liguid in flame-scaled NIST borosilicate-plass ampoule

Ampoule specifications

Body outside diameter (16.5 £ 0.53) mm

Wall Thickncss
Barium content
Lead-oxide content

(.60 £ 0.04} mm
Less than 2.5%
Less than (.026%

Other heavy clements Trave guantities

Solution density

(0.998 + 0.002) g-mL"~! at 21 °C [b]*

Solution mass

(4.998 + 0.002) g [b)

Chemical Properties:

| Solution composition Chemical Concentration Mass Fraction
Formula (molsL”l} (geg™h
HO 55 1.00
KOH 0.001 0.00006
K¥*T1c0, 0.0005 0.0001

Radiological Propertics:

Radionuclide

Technetivm-99

Reference time

1200 EST, 1 September 1996

Massic activity of the solution (c]

32,61 kBq-g~!

Relative expanded uncertainty (k=2}

| 1.014% [d] [e]

Photon-cmitting impurities

Nope detected [f]

Half lives used in the degay
corrections

Cobalt-60: (5.2714 = 0.0005) a [g]
Technetium-99: (2.111 2 0.012) = 10°a [g]

Measuring instrument

NIST 4=B(LS)-y-anticoincidence counting systern
using cobalt-60 as the efficicncy-tracing radionuclide,
The efficiency was varied electronically from 50 to 93 percent,

SR 4288A, page 3 of 6
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NOTES

The Sievert is the ST unit for dose equivaient. See reference {1]. One uSv is equal to 0.1 mrem.
Distance from Ampoule {cny): i 30 100
Approximate Dose Rate (pSvh):  <0.1{Not detectable)

The stated uncertainty is two times the standard uncertainty.

Massic activity is the preferred name for the quantity activity divided by the total mass of the sample.
Sce reference (1],

The reported value, 3, of massic activity (activity per unit mass) at the reference time was not
measured directly but was derived from measurements and caleulations of other quantities. This can
be expressed as y = flx,,x5.x5, . . x,)), where fis a mathematical function derived from the assumed
model of the measurcment process,

The value, x5, used for each input quantity i has a standard uncertainty, w(x;), that generates a
corresponding uncertainty in ¥, 1{y) = |&/é;| su(x;), called a component of combined standard
uncertainty of v.

‘The combined standard uncertainty of y, #(¥), is the positive square root of the sum of the squares
af the components of combined standard uncertainty.

The combined standurd uncertainty is multiphied by a coverage factor of & = 2 1o obtain U, the
expanded uncertainty of v,

Since it can be assumed that the possibie estimated values of the massic activity are approximately
normally distributed with approximate standard deviation «(y), the unknown value of the massic
aclivity is believed to lic in the interval y = U with a level of confidence of approximately 95 percent.

For further information oo the expression of uncertaintics, sce references (2] and [3).

The value of cach stundard uncertainty component, and hence the value of the expanded uncertainty
itsclf, is a best estimate based upon all available information, but is only approximately known. That
s o say, the “uncertainty of the uncerlainty” is large and not well known, This is true for
uncertainties evaluated by statistical methods (e.g., the refative standard deviation of the standard
deviation of the mean for the liquid-seintillation counting is approximately 5095) and for uncertainties
evatuated by uther methods (which could easily be over estimated or under estimated by substantial
amounts). The unknown value of the expanded uncertainty is believed to lie in the interval 72 to
2U (i.c., within a factor af 2 of the estimated value).

B mmatnd hmnts ul detection for photon-emitting impuritics are:
2% 10% yes~eg™ for energies between 20 and - 85 keV,

2 % 1074 L1 Tl for anrgzcs between 93 and 503 keV,

1o 10 yes 3‘;, for energies between 319 and 1457 keV, and
5 x 108 yes ™ eg ™! for energies between 1465 and 3250 keV.

The stated uncertainty i the standard uncertainty. See reference [3].
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Relative standard uncertainty of the input quantity x;

The relative change in the output quantity y divided by the relative change in the input quantity x;.

If [&wid;] »(xs¥) = 1.0, then a 1% change in x; results in a 1% change in y. 10 |88 - (xiv) = 0.05,
then w 1% change inx; results in a 0.05% change in v

Relative component of combined standard uncertaingy of ourput quantity y, rounded to two significant
figures or less. The relative component of combined standard uncertainty of y is given by v, () =
| vk sl )y = 1dydn () » wlxpdin;. The numerical values of w(x,)d;, | 89781 (), and w (v,
all dimensionless quantitivs, are listed in columns 3, 4, and 3, respectively. Thus, the value in column
3 is equal to the value in column 4 muitiplicd by the value in column 3. The input quantities are
independent, or very nearly so. Hence the covariances are zero or negligible.

e retative standard uncertainty of At is determined by the relative standard uncertaingy of X (ie.,
of the half Iife). The relative standard uncertainty of ¢ is nepligible.

| 8idg] +{xdv) = | ket |, mubtiplicd by ather seositivity factors where appropriate,
The live time s determined by counting the pulses from a gated crystal-contralled osciliator,

The standard uncertainty for cach undetected impurity that might reasonably be expected to be
present is estimated to be zqual to the cstimated lmit of detection for that impurity, 1.¢. w(x;)x; =
100%.  [aviani«(xA) = {{response per Bq of impurity)/(response per Bq of Te993}+{({BBq of
impurity){(Bq of Te-99)}. Thus w,(y)v is the relative change in y if the impurity were present with a
massic activity equal 1o the estimated limit of detection,
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