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The clinical dosemeters are normally calibrated in gamma and x-radiation fields as whole systems (i.e.
jonization chamber plus a measuring assembly) in relation to secondary standards, at the Calibration
Laboratory of Sio Paulo. In order to allow the users to send only components for recalibration, a
procedure for those who own some ionization chambers and only one electrometer (as is very common),
techniques of calibration for such components were compared in the present work, using a standard
capacitor and a standard current source based on a radioactive source. The results obtained with these

two methods showed a difference lower than 0.7%.

Introduction

Since 1980 the Calibration Laboratory of Sdo Paulo
has participated with its secondary standards in the
national intercomparisons organized every year by
the Secondary Standard Dosimetry Laboratory
(SSDL) of Brazil, Instituto de Radioprotecdo e
Dosimetria, Rio de Janeiro. The Laboratory of Sdo
Paulo offers calibration services with gamma radi-
ation of ®Co and 'YCs, and low energy x-radiation
(60 kV).

According to the national regulations in Brazil,
every clinical dosemeter user has to send its system
every two years for recalibration at any of the two
calibration laboratories of Brazil. Some of these users
own more than one ionization chamber (sometimes
two or three thimble chambers and one soft x-ray
chamber), but only one measuring assembly. Some-
times one of these chambers may have had its graph-
ite part replaced and needs an extra recalibration.
Normally the measuring assembly must accompany
the chamber and the Radiotherapy Service cannot
use any of the other chambers during the calibration
period. Calibration of components should be indi-
cated preferentially in this case. It would be necessary
to send for recalibration only the chamber. Some
calibration laboratories offer this kind of service.

Silva (1981) compared total calibration factors and
calibration factors for components of standard
dosemeters used at SSDL—Rio de Janeiro, employ-
ing as reference current source a system consisting of
an ionization chamber and its radioactive check
source. This procedure for the determination of com-
ponent calibration factors was shown to be equival-
ent to the procedure for the determination of the
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overall calibration factors and thus may be used as
a good quality control measurement in routine
calibrations.

The objectives of the present work are to improve
the calibration technique of clinical dosemeters, cali-
brating their components in gamma radiation (*Co),
using two different systems (a commercial standard
current source and a reference standard capacitor),
and to compare these results between themselves and
with those of the calibration of the dosemeters as
whole systems.

Experimental

Four clinical dosemeters were used for the tests.
They are presented in Table 1; two of them belong to
radiotherapy services (hospitals) and the others to the
Calibration Laboratory. They were calibrated with
gamma radiation of a **Co source (15 TBq) using a
reference dosemeter, in the case of the total cali-
bration method.

The secondary standard system for gamma radi-
ation of the Calibration Laboratory of Sdo Paulo
consists of an electrometer, model 2560; an ionization
chamber, model 2561; a radioactive check device,
model 2562, all from Nuclear Enterprises Ltd, with
calibration certificate from the National Physical
Laboratory (NPL).

The calibration technique of substitution (IAEA,
1979, 1987) was used in the present work.

For the calibration of the components of a clinical
dosemeter the following equipment was utilized:

(a) An electrometer Keithley Instruments,
model 617, connected to an interface (made
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Table 1. Clinical dosemeters utilized for the performed tests. They
are all of the Baldwin Farmer type, from Nuclear Enterprises Ltd

Thimble chamber

Electrometer

Dosemeter Model Serial No. Model Serial No.  Owner
A 2502/3 306 2505/3 2214 Hospital
B 2502/3 340 2505/3 2278 Hospital
C 2502 10241 2505/3 312 IPEN
D 2502/3 330 2505/3 2080 IPEN

during the present work) for ionization
chambers. Figure 1 presents this interface
scheme, based on the interface of the elec-
trometer Keithley, model 6169, that is no
longer commercially available. For the inter-
face project, references as (Schreiner, 1966;
Kemp and Woodall, 1968; Weiss, 1973; Zs-

smarly 1072 Qantry of 4l 108N wore yary
Ky, 1973; Saniry et ai., 156/ ) weie very

helpful;

(b) A reference standard capacitor General
Radio Co., type 1404-A, with a nominal
capacity of 1000 pF and a real capacity of
1000.005 pF;

(c) A stabilized power supply Tectrol (Brazil),
model TCH 3000, connected to a multimeter
Keithley Instruments, model 177;

(d) A reference standard current source
Physikalisch-Technische Werkstétten (PTW),
type 2327. It consists mainly of a radioactive
Sr + %Y source (0.37 Bq), incorporated
in the bottom of an ionization chamber
PTW-SQK and a control unit PTW-SQN.
It provides standard electric currents of
10-%, 107, 1072, 10" and 10~ * A. The
beta radiation emitted from the radioactive
source is totally absorbed within the ioniz-
ation chamber. This system was calibrated
at the German Primary Standard Dosimetry

Laboratory, Physikalisch-Technische Bundes-
anstalt (PTB).

Results

The calibration factor obtained for the dosemeter
as a whole system (total calibration method) and for
each component can be seen in Table 2.

Initially electrometers were calibrated. Two differ-
ent techniques were utilized. The first consisted in
using the reference standard capacitor. The electrom-
eters under calibration were connected to the Keith-
ley 617 electrometer and to the capacitor. Then the
electric charge was measured. The calibration factors
are designed by f*(cap). In order to confirm the
confidence of the capacitor use, a comparison was
made using the NPL secondary standard dosemeter.
This procedure presented a percentual deviation vari-
ation from 0.10 to 0.14%. For the second technique,
the PTW standard current source was used connected
to the electrometer. The ionization current was
measured during a fixed time interval and the electric
charge was obtained by the product of the current by
the time period. The calibration factors, f*(cur), are
very similar to those obtained using the capacitor;
they differ between 0.10 and 0.36%.

In the case of the Baldwin Farmer (BF) type, model
2502, S 10241, it was not possible to determine the
calibration factor through the capacitor method,
because this electrometer has a circuit limitation for
it. In this case the electrometer was calibrated using
the current produced by the thimble chamber NE
2505/3 introduced in a reference check device and
the measurements were taken at the Keithley 617
electrometer.

The second part of the work consisted in determin-
ing the calibration factors of ionization chambers
(f.). The Keithley 617 electrometer was utilized with
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Fig. 1. Schematic circuit of the interface for the coupling of ionization chambers to the Keithley 617
electrometer.
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Table 2. Calibration factors obtained from the calibration for components and the whole

system
Seap)  [fe(cur) fe JoxJoeap)y  fo x fo{cur) I

Dosemeter (nC/s.u.) (nC/s.u.) (R/nC) (R/s.u.) (R/s.u.) (R/s.u.)
A 0.2196 0.2204 4.64 1.019 1.023 1.016
B 0.2216 0.2220 4.56 1.010 1.012 1.016
C 0.1862* 0.1902 5.82 1.084 1.108 1.087
D 0.2177 0.2180 4.65 1.013 1.015 1.016
£Cmnem)t Maliheationn fontae ~F tha alantesmeatar ncing tha Ao PP

f*{cap), Calibration factor of the electrometer, using the capacitor.
[<(cur), Calibration factor of the electrometer, using the current source.
/.. Calibration factor of the ionization chamber.

f¢, Total calibration factor (whole system calibrated).

s.u., Scale unit.

*Calibration factor determined using the Keithley 617 electrometer and a N.E. thimble

ionization chamber (2505/3).

the interface, exposing the chambers to the gamma
radiation of ®Co and using as reference chamber the
already described secondary standard. The factor
obtained for the thimble chamber 2505/3, S 2080,
does not differ from that determined by the Sec-
ondary Standard Dosimetry Laboratory of Rio de
Janeiro (4.65 R/nC). This chamber was later also
calibrated at the SSDL of Institut fiir Strahlenschutz,
GSF, Neuherberg, Germany; the obtained calibrated
factor (4.654 R/nC) for gamma radiation of %Co
differed by <0.10% from that obtained in Sdo Paulo
and Rio de Janeiro. This result shows an agreement
among the applied procedures in three different
laboratories.

The determination of the total calibration factors
(f.) in gamma radiation fields of *Co, using the
secondary standard, made up the final stage of the
work. These results were comparable to those ob-
tained by the multiplication of partial calibration
factors f, x f*(cap) and f, x f(cur), presenting differ-
ences of 0.29-0.59% in the case of the capacitor use
and of 0.10-0.69% in the case of the current source
use. However, for the electrometer S 10241, which
calibration factor was determined using the Keithley
electrometer as already explained, the difference was
1.9%, a value comparable to the associated uncer-
tainties of secondary standard dosemeters (IAEA,
1979).

Conclusion

The calibration technique for components of a
clinical dosemeter can be applied, using either a
standard capacitor or a standard current source.
The obtained differences are all smaller than the

uncertainties (normally around 2.5%) determined in
routine calibration work of clinical dosemeters with
gamma radiation of ®Co at the Calibration Labora-
tory of Sdo Paulo. This method constitutes one of the
preliminary tests, when the whole system (complete
clinical dosemeters) is received for recalibration,
increasing the quality control programme of the
procedure.
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