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Abstract — Radiation sealed sources have an emissiodose measurement uncertainty if no quality corgssure its
that could be studied by theirs isodose surfacdse T uniformity. In this study it is shown some changesdose
intersection of a plan with such a surfaces is rilesd by rate contour curves due to non-uniform distributifnthe
the dose rate contour curves. It is very commoassume radioactive material inside the sealed source, Weatwill
that these surfaces have rotational symmetry arahed call defect.
longitudinal axis, and so, the contour curves havgor
symmetries. Here it is shown, by a computational
simulation, that if the radioactive material inside sealed
vessel is not homogeneous, the uncertainty in dase
measurements could achieve high values. This waiogrt
value is exemplified in a iodine-125 seed sourcedufor
brachytherapy purposes.
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1. INTRODUCTION non-uniform

radioactive
material

Sealed sources of radiation are widely used ardhad distribution
world, as in irradiators, gammagraphy devices and
brachytherapy seeds, for industrial and medical [1]
applications. A very simplified device of this kin
sketched in figure 1. In the inner core, therehis $upport
material, that could be the radioactive materisglft or it
has the radionuclide adsorbed on its surface ddenthe
bulk. This inner core is sealed or shielded, nolynaly
weld, inside a small chamber, of steal or titaniuif,
biocompatibility purposes are required.

Sealed sources have gamma or x-ray emissions &nd th
other kinds of radiation are shielded by the chamibbe
beam emitted is attenuated in its path throughcttember radioactive
walls. source

It is very important to know the dose rate at every
position around the seed, in order to establishatiadh
procedures, medical ones as example. Once knowdoibe
rate three-dimensional function, this could be epnésd as
isodose surfaces, or surfaces where the dosesratmstant.
The intersection of these surfaces with a plamésdontour
curves, two-dimensional graphics used for dosimetri
purposes. The object of this study is these contomves, Fig. 1. Sketch of a sealed source or radiation. digribution of
curves change their shapes if some geometricalaterial homogeneous distribution and indication of lengtfaduated at

configuration changes and could be an importantcsoaf tsaét:algsl. The cylinder inside is a silver rod, imta@ brachytherapy
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discretized in one hundred and twenty points, non-
uniformly.
2. THEORETICAL CONSIDERATIONS The radioactive region is represented by a graatber
of points (12000) in the surface of the silver rowside the
chamber. Each of these points is considered asnetyml
When a beam of photons passes into an absorbirggurce of radiation, and the sum of every point tres
medium some of the energy carried by the beam isffective radioactive activity of the source (catesied 1mCi
transferred to the medium. In its path, the radiatbeam in this study). The simulation procedure calculates dose
suffers interactions with every material, causingnyn rate at many desired point around the seed, cansidéhe
effects, like scattered photons, high speed elesteoeation, contribution of every point source of radiationkitey into
bremsstrahlung radiation, ionizations, excitatiefts [2] account the attenuation when the beam pass through
The attenuation of a photon beam of intensity | ban different material until reach the desired pointafculation.
expressed by the following equation:

— —L.X 3. RESULTS
| =1,e"*.B @

It was simulated a iodine-125 seed, with dimenseamd
U is the attenuation coefficient. It depends on riegterial parameters typically used in brachytherapy medical
and on the kind of photon energy. The x term is thdreatment [4-6]. It was obtained the isodose cantouves.
thickness of the material where the photon is passi The dimensions and other parameters of the seednare
through. B is the photon build-up factor. This ftion takes table 1.
into account the photons scattered by the mateial.
depends on photon energy and geometry of the rahted.
B could be a very complicated function, it has ealhigher Table 1. parameters used in the simulation. Lengtincern to
than one and could assume values as much as 10 i 2 figure 1.
special situations, but it will not be considerthis study

and it is proposed a model that assumes the B=1it 8o
. . . : lengths (mm)
only possible to make relative considerations. A® t
material and geometries of uniform and non-uniform L1 4,5
radioactive distribution situations are very simildhese L2 3,5
comparisons are valid. L3 3.0
The numerical procedure in reference [3] considts o D1
finite differences in a cylindrical coordinate syst of 08
reference, centered in the middle of the seedtla@ad axis D2 0,7
coincident with the longitudinal cylindrical axissee D3 0,5
figure 2.
attenuation coefficienty (mmt)
titanium 2,49
silver 41,72
air 4,48.10°
z activity 1,0 mCi

In figure 3 it is shown the resulting contour clsve
spaced at 10R/h for three different situations. fAdentgen
per houris a unit of exposure rate quantity, directly reth
to dose rateunit, from the Sl system. At all situations the
total net activity was the same, 1,0 mCi.

From these graphics, it is clear the drastic digtorof
the isodose curves when defects of this kind agset. In
the case of lateral distribution, on the opposite ©f the
rod, the dose is smaller then the bottom limit lué scale
used in that graphic (10 R/h).

In this study, thep coordinate (distance from the z axis,, | NS distortion is a very important source of uragity
in a Cartesian system) was discretized in sixtyispinon- 1N Measurements of quantities used on radiothetepeu
uniformly. The 8 coordinate (angle from x axis), was procedures, like thanysotropy factor{7]. In table 2 it is

discretized uniformly in twenty points. And the zimwas Presented results at four points around the ratieaseed
y y P for these two defects and for the homogeneoustaliion.

Fig. 2. Two cylindrical finite elements, used byetnumerical
procedure.
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longitudinal, mm

longitudinal, mm

longitudinal, mm

transwversal, mm

Fig. 3. Contour curves of radiation dose rate sioisfrom
a brachytherapy 125 iodine seed, positioned atetiangle
in the center of the images. The quantity is exposate, in
R/h, directly related to dose rate. The upper casEurs
when the radioactive material is homogeneouslyidigied;

Fig. 4. Indication of the non-uniform distributiofithe 125-iodine
used in this simulation. In the upper case, then®ds on the
superior half of the rod. In the bottom case, amtg longitudinal
half of the rod has the iodine. The total amouribdine is equal
inside the chamber for every situation, even oruthiéorm case.

Table 2. Radiation dose rates (in R/h) at four goarbund the
seed in the homogeneous distribution (H), for lardjnal (LO)
and for lateral defect (LA).

points, mm

(abscissa; H LA LO

coordinate)
(-3,42 ; -0,263) 31,9 0,436 30,5
(3,42; 0,263) 31,9 63,3 33,3
(-0,263 ; -3,95) 3,38 3,32 0,00
(0,263 ; 3,95) 3,38 3,45 6,77

For these specific points, there are great diffeeerfrom
the homogeneous distribution to the defects ones.

4. CONCLUSIONS

It is very important to consider the distortionisddose

the middle and the bottom ones occur when nonsurfaces as a source of dose rate measurementainterif
homogeneous distribution defects are those shown o quality control is able to guarantee the uniftyrin the

figure 4, respectively.

radioactive material distribution.

1667



These simple presented examples demonstrate that
uncertainties in the amount of dose to be impaited
tissues or surrounding materials of sealed soumces/ery
susceptible to the distribution of the radionuclidgide.
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