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ABSTRACT

Irradiation of samples in peculiar experimental apgtus, subject to radiation spread, requires acsgleevaluation
of absorbed dose implanted to the sample. Indicatibration of the irradiation source, obtained & different
apparatus, and the spread, usually of very diffichkoretical evaluation, can cause very seriousasueement
errors, sometimes reaching 50%. In this work, fitecedure for dose evaluation in an apparatus fetab
irradiation of samples, usually biological onesfsesented, making use of calibration curves, ols@irby
irradiation in advance of thermoluminescent detexton air, and so irradiating them in the same piosi of the
sample. An application in blood sample irradiatisralso presented.
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INTRODUCTION This procedure can get measurement errors which
could achieve 25%, as will be shown, due to
Beta irradiation of biological samples has occurregpreading effects in the walls of irradiation
in many studies, mainly for therapeutic purposesapparatus.
To be subject to beta radiation in laboratoryThermoluminescent dosimeters (TLDs) of
controlled experiments, biological samples,CaSQ:Dy were irradiated poised on air in a
usually in liquid form, require a vessel in aradiation field generated by a beta source in order
peculiar experimental apparatus. This apparatie correctly evaluate the amount of energy
has walls in which beta radiation spread happengnparted by the beta radiation to a sample,
affecting the desired absorbed dose in the sampt@nsidering the effects of an apparatus. The energy
and, in many situations, it is not possible to inserts measured in a material mass unit, in units of
an instrument of direct radiation measurement &ray (Gy), for the quantity Absorbed Dose (D).
the same sample position. In such a situation (air), calibration curves are
Beta radiation sources have their activity informedorrectly obtained because there is no spread.
by the manufacturer. Time integration of the dosé\fter appropriate thermal treatment, TLDs are
radiation rate emitted by the source, supposedinen positioned on the biological sample apparatus
punctual and occurring in free air, is sometime@nd irradiated.
used to calculate the absorbed dose by the sample.
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The absorbed dose of TLD, when obtained by then the air", demonstrating that the latter is a non

calibration curve, gives the amount of energyappropriate procedure.

imparted to the sample, corrected by the ratio

factor between CaSy and biological tissue

stopping powers. MATERIALS AND METHODS

Absorbed dose evaluated by the procedure in this

work shows substantial difference when compare@wenty TLDs from the same sensibility batch

with dose evaluation procedure supposing th@Vanzoli & Campos, 2003) were submitted to beta

irradiation from punctual sources and sample "freeadiation in a standard apparatus for irradiation
free in the air, as can be seen in (Fig. 1).

Beta source
under shutter

Figure 1 - Apparatus for beta irradiation of TLDs on air. T&Bre poised by a PVC film.

Beta source is a*Srf°Y , beta emitter of Campos & Lima, 1987; Campos & Lima, 1987b;
maximum energy 0.546 and 2.27 MeV. Its activityCamposet al, 1986).

was 1850 MBq in 02/04/1981 and, by radioactiveThermoluminescent response of detectors, called
decay calculation, the absorbed dose rate itreadings”, were made in TL reader Harshaw
04/26/2004 was 294Gy/s, in standard position of model 2000.

11 cm from the source. Calibration curve determination was made by
TLDs are composites in disc form of 1 mm thickTLDs which were irradiated by different doses,
and 6 mm in diameter. The active material fobetween 1.0 and 8.0 Gy, at the same standard
thermoluminescence is Ca8Dy crystals inside a position. These doses are achieved changing the
polytetrafluorethilene (PTFE) matrix. Their irradiation exposure time. The range was chosen to
dosimetric characteristics are recognized (Campofif a biological sample study. The dose
1983; Campos & Lima, 1986) and they areconventional true values are calculated by a
sensitive to beta radiation too (Daltev al, 1999; mathematical function proportional to the inverse
Campos & Rosa, 1988; Campos & Rosa, 1988mf square distance from the source, whose activity
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has traceability. Radioactivity decay was taker{Fig. 2). The position of TLD was identical to the
into account. sample, allowing the correct radiation evaluation
The same TLDs were thermally treated and placebecause the spread effects were the same and
into the biological sample irradiation apparatus ofncluded into the energy imparted to the TLD.

Figure 2 - Experimental apparatus for beta irradiation ofildgaal samples. In (A), a view of
closed container and the beta source on top bf {B), the lid is removed, allowing
the view of the TLDs placed at the sample irradiatposition. Side, back and top
walls are aluminium made.

RESULTS AND DISCUSSION air, an irradiation of 30 minutes would be 3.46 Gy,
by the source activity and the inverse square
The calibration curve of (Fig. 3) presents fourdistance consideration. By the TLD direct TL
points. Each one is a mean value of five TLDgeading and use of calibration curve of (Fig. 3),
irradiated free in the air. It relates conventionathe implanted energy in a CagDy is 4.28 Gy.
true values of beta radiation absorbed doses (0, the dose in sulphate could be underestimated
Gy) with electrical charge from the TL readerby almost 25%, if scattering errors are not
response (ipC). included.
The calibration factor is (0.832 + 0.017) G/ Besides the use of the explained procedure, the
The source to sample distance, in the apparatus @psorbed dose for biological materials must be
(Fig. 2), is 43 mm. In such a distance, free in th€orrected, which are, of course, different from
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CaSQ:Dy in their capacity to absorb radiation, numbers of materials.
mainly due to the differences of effective atomic
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Figure 3 - Calibration curve with 95% confidence level intargpointed curves) for beta
irradiation "free in air". Error bars are combinatindard measurement
uncertainties, where abcissa uncertainty was tearexf to the ordinate (Vuolo,
1992).

For a blood irradiation, as an example, theéDisprosium in calcium sulphate is a doping in very

correction factor feorr, Which must be applied in small fraction (p.p.m.). Then it could be

the absorbed dose value, obtained by thdisregarded in calculations.

calibration curve, is: The ratioCD/CE is expressed by th8 ratio of
each material, given by:

:@: Shiood Q)
corr CE S 2
5= 198 ) omin, o FE L)),
pldx B 2,
where: 2
B/ —(2E+ In2
4 M2 @
CD is how much sulphate is denser than blood. E+u,)
CE is how much sulphate absorbs more energy
than blood where:

S is thestopping powerdefined below.
E is the beta particle energy (here taken as 1MeV,

When the beta particle penetrates in calciunaverage energy of beta emissions)

sulphate, it releases beta particle to the materigl is the mass density of material

CE times more energy than if it penetrates irr, is the classic electronic ratio

blood, in a length unit. A volume of sulphate has\, is the electronic density

CD more mass than the same volume of bIooqjlO is the rest electron mass

?n_d, S0, in a unit mass, the sulphate abs@®s) B is the ratio between particle and light velocities.
times the energy that blood would absorb. | is the mean excitation energy of material atoms.
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d is the density correction, meaningful aboveThe obtained values of stopping powers are:

1MeV. 2.76x10"* J.nf/lkg for CaSQ and 3.33x18*
J.nflkg for blood, relative uncertainty of 15%. The

The quantity values in (Eq. 2), for many materialsgorrection factor for the absorbed dose in a blood

are found in books, example in (Johns &sample, when using TLDs of Ca8Dy, is (1.21

Cunningham, 1983). For blood, it was assurped * 0.25)ss (EQ. 1), which means that the dose will

Ne and | as averages of values from water anble 21% higher in blood, relative to the calcium

muscle, mainly because these values are very closslphate. Thirty minutes of irradiation inside the

(the difference less than 4% for the parameter apparatus will give:

and less than 1% for the others). To CaStvas

assumed the mean excitation energy as 167 e¥,28 Gy (sulphate) x 1.21.{) = 5.18 Gy

obtained by the linear regression shown in (Fig. 4), of absorbed dose for a blood sample.

because a rigorous calculation would be non

practical for this work and, even such an excitatior herefore, an approximation of irradiation "free in

energy changing in the interval [100, 200] eV,air" (dose would be 3.46 Gy) can not merely be

there would not be a shifting in.f larger than used for sample irradiation inside apparatus with

8%. spread walls.

The energy E was assumed as 1 MeV, which is the

mean value of emission spectrum of af§rf°Y

source. This value has an influence as small as 5%

in S, wherk changes in interval [0.5; 3] MeV.
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Figure 4 - Mean excitation energy values as function of atomimbers (or effective atomic
numbers) for many chemical elements and compouddlné & Cunningham,
1983). Due to this linear behavior it was estirdatech an energy of Cag@vhose
Zes is 15.3 um.a., as 167 eV. 95% confidence lef¢he linear regression are in
dotted lines.

The use of calibrated TLDs, small sensors which
are placed in the sample position, is an alternative

Brazilian Archives of Biology and Technology



52 Manzoli, J. E. et al.

for an indirect measurement in peculiar apparatus. for Beta DosimetryNuclear Instruments & Methods
Stopping powers of the sample and of TLD in Physics ResearcR45 210 - 212.

(1999), Thermoluminescence Dosemeter for

Equivalent Dose Assessment in Beta and Gamma
Field.Rad. Prot. Dos.85: (1-4), 145-148.
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A iradiacdo de amostras em arranjosyylo, J. H. (1992)Fundamentos da Teoria de Erros
experimentais peculiares sujeitos a espalhamento 2. ed. S&0 Paulo: Edgar Bliicher. pp. 125.

necessita de uma determinacdo propria da dose

absorvida que a amostra ira receber. A calibracéo

indireta da fonte de irradiagdo, que ocorre em ‘Received: July 29, 2005;
arranjo diferente, e o espalhamento, geralmente de AFSS;’;Z‘A-: E%gf;‘;’;’zog’ o
dificil estimativa tedrica, podem causar erros de

medicdo muito elevados, ndo raro atingindo 50%.

Neste trabalho é apresentado o procedimento para

determinagdo da dose absorvida em um arranjo

para irradiacdo beta de amostras, normalmente

bioldgicas, utilizando curvas de calibracéo obtidas

pela irradiacdo de dosimetros termoluminescentes

no ar, e os irradiando na mesma posicdo das

amostras. E apresentado um exemplo de aplicacéo

para amostra irradiada de sangue.
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