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An absolute determination of the absorbed dose rates to tissue ff88r-&°Y B-ray secondary
standard source was attempted using an extrapolation chamber developed at the Calibration
Laboratory of Sa Paulo. The performance of this chamber and its main characteristics are presented
in this work. A comparison of the results obtained with those of the calibration certificate indicates
an absorbed dose rate agreement within 1.0%.1999 American Institute of Physics.
[S0021-897€09)01313-4

I. INTRODUCTION measured using a Keithley 617 electrometer. ¥igr+°%

The Calibration Laboratory of IPEN offers calibration (1850 MBqg source of the beta secondary standard system,
services with3 radiation since 1982. All protection level With a calibration certificate from PTB, Germany, was used

monitors are first calibrated in standaydadiation fields and  for all experiments. _ _
afterwards tested in th@ beams characterized by Caldas. I_Deta|ls of the measurements techniques were previously
The monitoring instruments and dosimeters have been calpublished?

brated using the Amersham—Buchlg@rparticle calibration

setup, standardized by Physikalisch-Technische BundesaHl RESULTS

stalt (PTB, Germany. The radiation beams of these sourcesa_ snort and medium term stabilities

are characterized in terms of absorbed dose rates to air and to . . .
tissue at reference distances. For the short term stability ten consecutive readings, cor-

According to the recommendations of the 1SO Standard€cted for ambient conditions, were taken with the chambers
69802 the series Il sources can be used without the flattenin§©Sitioned in a reproducible manner 'no relation to the
filters and closer to the instruments if the achievement ofOUrce. The standard deviation was 0.3%. For the medium
high doses is necessary for the calibration. In this case, thig™m stability test 12 daily measurements series were real-
characteristics of the radiation fields have to be defined fol2€d- Figure 1 shows the response variation of the mean
different source-detector distanceBor this purpose, the ex- value of measurement series of the chamber C1 response as a
trapolation chamber is the most appropriate instrument. ~ function of the day of measurement. Similar results were

An extrapolation chamber was designed and constructe\f”f'id for chamber C2. The mean values were within
at the Calibration Laboratory of Paulo for the calibration = 1-0% of the referen_ceﬁvalue, which is in agreement with
of B-ray dermatological applicatofdn the present work, the the IEC recommendatiorts.
performance of this extrapolation chamber, also intended to o
be used as a routine reference instrument, for protection levé&l- Transmission factors
measurements, was studied at the calibration conditions of a  Apsorbed dose rates to tissue at a depth of 7 mgfash

beta secondary standard system. tissue was obtained by applying experimentally determined
correction factors. Depth—dose curves were obtained increas-
Il. MATERIALS AND METHODS ing the entrance window thickness by using additional Hos-

The extrapolation chamber used has a 10 mm diam coft@phan and Lucite foils of known tissue equivalent areal den-

lecting electrode and a guard ring, both of graphite. It ha$ity. Table | shows the transmission factors obtained with
two interchangeable entrance windows: aluminized Hoschamber C1 and C2 positioned at a 11 cm distance from the

taphan (0.84 mgcm? and aluminized Mylar (6.42  source, and those showed in the source calibration certificate.

mg cm 2. In this work, depending on the entrance window, A comparison of the results obtained with those pre-
the chamber will be called CHostaphahand C2(Mylar). sented in the source calibration certificate indicates an agree-
Lucite was used as insulating material between the collectingient within 1.0%.
electrode and the guard ring.

The chamber depth was varied between 0.5 and 2.5 mr&. Absorbed dose rates

and the voltage gradient across the chambers was kept at 10 gyranolation curves were obtained at calibration dis-

V/mm for the measurements. The ionization currents Wergsnces of 11 and 30 cm. In this study ten consecutive mea-

surements were taken for each chamber depth, for the posi-
dElectronic mail: Icaldas@net.ipen.br tive and negative polarities. The mean value obtained in each
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FIG. 1. Medium term stability test of the extrapolation chamber C1. Each

measurement number represents a different measurement day. 30cm
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case was presented as a function of the chamber depth, and
linearity was observed in all cases. In Fig. 2 the curves ob-
tained with chambers C1 and C2 at 11 and 30 cm distances
from the sources are presented.

The absorbed dose rate to tissue in tissue at a reference
date is calculatedfrom the slope of the extrapolation curve
by the following equatior(in Gy/s):

TONIZATTON CURRENT (10~13a)

(We).Spve
poA

z

whereDZ is the absorbed dose rate in tissue at depW/e FIG. 2. Extra_lpolation curves obtained with the chambers C1 and C2 at 11
is the average energy required to produce an ion pair in dr§nd 30 cm distances from thisr+9% source.
air (33.97 J/Q, Si*"®is the ratio of the average mass stop-
ping power of tissue to aifl.12), p, is the density of dry air
at reference conditions of 22°C, and 101.3 kPal97
kg/m®), A is the area of the collecting electrode, and bration certificate, corrected for the already presented current
(Al /Ad) is the fitted slope of the corrected current versusyglued of W/e and sgisrsue, an agreement within 1.0% was
air gap function. The transmission factors were applied toserified.
determine the absorbed dose rate to tissue at a depth of 7 The overall uncertainty of the absorbed dose rate deter-
mgcmi 2 in tissue. In Table Il the results obtained with mination was estimated to be 3.7% for an expanded uncer-
chambers C1 and C2 at the calibration distanddsand 30 tainty with a coverage factor of 2.
cm) from the °°Sr+°%Y are shown.

Comparing the absorbed dose rates to tissue determined
using the two chambers with those given in the source cali-

TABLE II. Absorbed dose rates to tissue at the depth of 7 mgm
(uGy s} in tissue at calibration distances of 11 and 30 cm from the

TABLE |. Transmission factors fog radiation of*Sr+%0y. 905,490 source.

Transmission Factor 11 om

30 cm 4
TiSSUe - A11C - A30
Chamber . . . .
thickness Certificate Chamber Dt D (%) Dt D (%)
(mm) ct c2 PTB c1 4491 4482 020 615 609 098
0 1.000 1.000 1.000 Cc2 443.9 448.2 0.96 61.3 60.9 0.66
0.02 1.034 1.025 1.028 — - - —
0.04 1.054 1.045 1.049 3Absorbed dose rate in tissue at 7 mgénobtained experimentally in this
0.05 1.062 1.055 1.058 work. o .
0.07 1.080 1.075 1.070 bAbsorbed dose rate in tissue at 7 mgénpresented in the PTB source
0.10 1.098 1.095 1.095 calibration certificate, corrected for the present value®vté and Sissu
0.20 1.148 1.150 1.158 ‘Percentage difference betweér,}, and Ii)C for the chamber at 11 cm from
0.50 1.200 1.200 1.201 the source. . .
1.00 1.140 1.155 1.157 dpercentage difference betweBr, andD., for the chamber at 30 cm from
the source.
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T IV. CONCLUSION

The tests performed indicate that the extrapolation
chamber used in this work is suitable for protection legel
10 | - dosimetry and suggest the possibility of using it for the char-
] : ] acterization of alternative standard fields. The chamber is
i \:2 ] simple, of low cost, and presents good metrological charac-
\ : teristics. The short and medium term stability test showed
\ values within the international recommendations. The ab-

~-12
1A)

sorbed dose rates to tissue and the transmission factors ob-
_ T ] tained experimentally are in very good agreement with those
! \ ] guoted by PTB, within the associated uncertainties.

IONIZATION CURRENT (10
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FIG. 3. Response variation of the extrapolation chambers witf’8re- 2%y
source—detector distance.
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