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This Standard Reference Material (SEM) conststs of a dried deposit of radioactive bartum-133 chlonde and
non-radioactive harium chlonde on a filter-paper disk zealed hetween two lavers of polyester tape that are
supported on an alutmnum annulus. The SREM 1z intended for the calibration of gamma-ray spectrometry
systerns.

Radiological Hazard

The SEM containg harium-133 with a total activity of less than 200 kBg. Barium-133 decays by electron
capture and during the decay process X -rays and gamnma rays with energies from 4 keVto 400 ke'V are emmitted.
Most of these photons escape from the SRM and can represent a radiation hazard. Approximate unshielded
dose rates at several distances {as of the reference time) are given in note [a]* Appropriate shielding andfor
distance should be used to minimize personnel exposure. The SEM should be used only by persons qualified
to handle radioactive matenial.

Chemical Hazard

The SEM contains less than 7 pg ofbarium chlonde. The matenal does not represent a significant chemical
hazard.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 40 *C. Ifthe point source 15 properly
handled and stored, 1t should remain stable until at least January 2009,

The SRM chould always be clearly marked as containing radioactive material. If the SREM 1s transported 1t
should be packed, marked, labeled, and shipped in accordance with the applicahle national, international, and
carrier regulations. The SRM 15 a dangerous good thazardous matenal) because of the radinactivity.

Preparation

This Standard Eeference Material was prepared in the Physics Laboratory, lonizng Radiation Division,
Radioactiwity Group, LR Karam, Group Leader. The |:|'Lr|3raf1y technical direction and physical measurements
leadingtocertification were providedby L L. Lucas ofthe Radioactiwity Group and DB Golas, Muclear Energy
Institute Research Associate.

The support aspects involved in the preparation, certification, and izsuance of this SRM were coordinated
through the Standard Reference Materials Program by M. M. Trahey.

Gaithershurg, Maryland 20899 Thotnas E. Gills, Chief
Fehruary 1299 Standard Feference Materials Program
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FROPERTIES OF SREM 424 1C
(Certified values are shown in bold type)

Source tdentification number

MIST SEM 42410C-

Fhysical Properties:

Source description

Dried deposit ofbarium chloride on a flter-paper disk sealed
hetween two layers of polyester tape that are supported on an
alurmnum annulus

Foint-source specifications Alumimmm annulus O D 54 cm
Alumimum annulus 1D 3.8 cm
Aluminum annulus thickness 0,05 cm
Polyester tape thickness 0.006 cin
Filter paper diameter 0.6 cm
Chetmical Properties:
Point-source composition Chernical Iass
Formula (g
BaCl, T 10
13RaC], Jx10%
REadinological Properties:
Radionuclide Barium-133
Reference time 1200 EST, 1 Jannary 1999
Activity kBq
Relative expanded uncertainty (#~2) | 0.60% [h]

Photon-emithing impurities

Mone detected [c]

Half lives used Banum-133: {1052+ 0.13%a [d]
Radium-226: (1600 Tya [d]
Measuring instrument Pressurized "4 70"y 1onization chamber A calibrated using a

hartum-133 solution whose activity was determined by
47 (e+)-v -anticoincidence counting




EVALUATION OF THE UNCERTAINTY OF THE ACTIVITY [b]*

Input Cuantity x, WMethod Used To Evaluate u(x), 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, Quantity
uncertainty components (B) denotes evaluation by u(x)ix, | piox |« z (yly,
where appropriate) other methods o) [e] (xhy) %) [g]
(1]
FIC & net response Standard dewation of the mean 0.003 1.0 0.003
per gram of master for 500 repeated measurements
solution, measured {4
relative to ERES10 [h]
FPIC A hackeround Standard dewiation of the mean 0.25 0.0o0z 0.0005
response, measured for 250 repeated [1]
relative to ERS10 measurements (A)
FIC & net response Standard dewation of the mean 0.06 1.0 0.06
for RR3200, measured for =100 repeated
relative to ERE10 measurements (A)
FIC & net response Standard dewation of the mean 0.0z 1.0 0.0z
per By of bartum-1331n for 240 repeated measurements
solution, measured {40
relative to ER3200.
Cravimetric Estimated {B) 0.10 1.0 0.10
tmeasurements
Half life of barum-133 Standard uncertainty 1.24 [1] 0.008 [k] 0.o09
Half life of radium-2 26 of the halflife (A) 0.44 [1] 0.007 [k] 0.003
Activity used to calibrate | Standard uncertainty of the 0.2z 1.0 0.22
PIC A net response per activity determined by 470{e+3)-
Bq of barium-133 in -anticoincidence counting
solution B}
Live-time [m] Estimated {B) 0.10 1.0 0.10
FIC A charge collection Estimated {B) 0.0s 1.0 0.05
Source Posttioning Estimated (B 0.0% 1.0 0.05
Fhoton -etritting Limnit of detection (B) [n] 100. 0.001 0.10
inpurties
Eelative Combined Standard Uncertainty of the Output Cuantity, 2,070 (%4 0.30
Cowerage Factor, k X2
Eelative Expanded Uncertainty ofthe Output Quantity, Ty, (%) 0.60




MOTES

The Sievert 15 the 51 unit for dosze equivalent. See reference [1]. One pSvis equal to 0.1 mrem.
Distance from Source (cm): 1 3n 1na
Approximate Dose Rate {pSwh): 30 0.3 <01

The reported walue, y, ofactivity at the reference time was not measured directly but was derived from
measurements and calculations of other quantities. This canbe expressed asy=fx,x,x, .. %), where
F1s a mathematical function derived from the assumed model of the measurement process.

The walue, x, used for each input gquantity i has a standard uncertainty, w(x), that generates a
corresponding uncertainty in y, w() = |Fydx |w(x), called a component of combined standard
uncertainty of y.

The comhbined standard uncertainty of y. 2.0, 15 the positive square root ofthe sumn of the squares
ofthe components of combined standard uncertainty.

The comhbined standard uncertainty 15 multiplied by a coverage factor of &£ = 2 to ohtain 17 the
expan ded uncertainty ofy.

Since it can be assumed that the possible estimated walues of the massic activity are approxzimately
normally distributed with approzimate standard dewation 1,0, the unlnown value of the tmassic
activity 15 believed to lie inthe interval y+ Ufwath a level of confidence of approzimately 95 percent.

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

Estimated limits of detection for photon-emithng impunties are:

0,003 ve=sWBg? for energes between 15keV and 77 ke'V,

0.0006 =5 WBg™? for energies between 85 keV and 272 ke'V,

0.0012 yesWBqg? for energies bhetween 280 eV and 352 ke'V,

0.0006 wesBg for energies hetween 360 ke and 379 ke'V, and

0.00002 - yesWBg 7 for energies between 387 ke'V and 3300 ke, provided that the photons
are separated in energy by 4 ke'V or more from photons emitted 1n the decay ofbarium-133.

The stated uncertainty 15 the standard uncertainty. See reference [5].
Eelative 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 .
= 1.0, then a 1%% change in x results in a 1%% change iny If |8Wdx [=(xh7) = 0.05, then
al% change in x results in a 0.05% change in ¥

Relative component of combined standard uncertainty of output quantity y, rounded to two significant
figures or less. The relatnre cnmpnnent of combined standard uncertainty of y 13 given by (Al =
| O, | el iy = The numerical values ofw(x)ix, |03dx [=(xh), and wy)ly, all
timensionless quant:tt:tes are 11sted in colurnns 3,4, and 5, respectively. Thus, the value in column 5
1z equal to the value in column 4 multplied h}.r the value in column 3. The input quantities are
independent, or very neatly so. Hence the covanances are zero or negligible.




The response ofpressurizedionization chamber 4 (PIC A) 15 determined from measurement ofthe ime
required to collect a mven amount of charge on a stable fized capacitor.  All of the response
measurerments in the NMIST pressurized ionization chambers are made relative to the response of one
ormore atifact stand ards. These artifact stand ards consist ofmicrogram quantities ofaged radium-2 26
in small welded stainless-steel capsules. These capsules are encapsulated 1n plastic rods whose
dimensions are simular to those of the standard NIST ampoule. The artifact standards are called
Radium Reference Sowrcesand are designated as RRSx, where x1sthe nominal mass (in micrograms)
ofradium-226 in the capsule.

|3yax,

(1) = (average hackeround response){average net sample response)

The relative standard uncertainty of A«#1s determined by the relative standard uncertainty of A (16, of
the halflife). The relative standard uncertainty of 1z negligihle.

| W3x |=(xly) = | A=¢]
The live time 15 determined by counting the pulses from a gated oscillator,

The standard uncertainty for each undetected impurity that might reasonahly he expected to be present
iz estimated to he equal to the estimated limit of detection for that impunty, 1e w(x)x = 100%.
| @W3x |*(xfy) = {(response per By of impurity)fresponse per By of Ba-133)1{(Bq of impurity){Bg
of Ba-133)}. Thusz(Ailhvis the relative change in yif the impurity were present with a massic activity
equal to the estimated limit of detection.
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ADDENDUM
Corrections to Certificate dated February 1999
Cn page 1 of 6, line 2: delete “on a filter paper disk”
On page 3 of 6, Bource description: delete “on a filter paper disk”

On page 3 of 6, Point-source specifications: delete “Filter paper diameter 0.6 cm”

Note: The source was inadvertently described incorrectly on the Certificate. The dried
deposit of barium chloride 15 not on a filter paper disk. The source was prepared by
depositing a standardized solution of barium chloride directly on the 0.006 cm thick
polyester tape, drying the solution, and covering the deposit with another layer of the
same tape. The deposit contains less than 7 pg of barium chloride and 15 centered in the
anmilar ring to within 2 mm. Based on recent Fuji plate imnaging, the diameter of the
deposit 15 approximately 3.5 £ 0.5 mm

Technical Contacts: Eonald Collé (g-mail: ronald colle@mist gov, phone: 1-301-375-614%) and
Lizbeth Laureano-Perez (e-tnail: lizbeth lavreano-perezi@nist gov;, phone: 1-301-375-5797),
NIST, Building 245, Eoom C114, Gathersburg, WD 20899-8462, fax 1-301-926-74 16,

Lisa Earam, Deputy Chief
Tonizing Badiation Division

Gratthersburg, Maryland 208599 Fobert L. "Watters, Jr., Chief
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