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INTRODUCTION

The expanding use of radioactive sources in industry, medi-
cine and research has led to a growth in the number of persons
exposed to beta radiation and has highlighted the need to assess
beta doses accurately. The difficulties experienced in the after-
math of the Three Mile Island accident owing to the inadequacies
of beta dosimetry, had prompted a fresh look at the state of beta
dosimetry within the European Community.

For over 20 years, the Commission of the European Communi-
ties (CEC), in collaboration with competent laboratories in the
member states, has been conducting intercomparisons of individual
dosemeters with the objective of improving technique for monitor-
ing ionizing radiation and establishing a common basis for dose
assessment within the Community. These programmes not only serve
the participants with an opportunity to validate their calibra-
tion and measuring procedures but also help to create a forum in
which to exchange information and discuss experience with other
participants. The performance and results of such an intercompar-
ison exercise conducted in 1986 are reported here.

Five European laboratories (Numbers 2 to 6 of author affili-
ations) performed the irradiations of the dosemeters *y. Thir-
ty-two 1laboratories, mainly drawn from the member states, took
part in the exercise with 47 dosimetry systems, 31 were equipped
with thermoluminescent detectors, 14 with films, 1 with a combi-
nation of a thermoluminescent detector and a film, and 1 with
exocelectron emission detectors. The dosemeters were irradiated at
different orientations with respect to the radiation field with
beta rays from 90Sr/9OY, 2 8U, 2047y and 147p;m  sources
and with gamma rays from a 137¢cs source. Neither the radiation
quality nor the dose (nominally 5 mSv) was disclosed to the par-
ticipants.

*) Under contract of CEC
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QUANTITIES AND IRRADIATION PROCEDURES

The quantity Hg(0.07) recommended by the ICRU(1) was cho-
sen as the operational quantity. In the absence of a universally
accepted calibration quantity or irradiation procedure it was
decided to expose the dosemeters to photon radiation positioned
on a spherical perspex phantom of 30 cm diameter and to convert
air kerma free in air measured at the location of interest, to
H'(0.07) by using coefficients derived for this purpose(2).

For beta radiation, however, it was judged that the use of a
spherical phantom was not necessary because of the limited ranges
of beta particles in dense media, or practicable because of the
difficulty of achieving the expanded field condition over such a
large phantom at the short distances at which these irradiations
are carried out. Instead, the following phantoms were considered
appropriate: a perspex slab of 20 cm sides and 1 cm thick for
calibrating planar dosemeters and a perspex rod 20 cm long and
with appropriate diameter for calibrating finger dosemeters. The
calibration quantity in these cases is defined as the dose equiv-—
alent at a depth of 0.07 mm from the surface of semi-infinite
slab of tissue-equivalent material. It became necessary to deter-
mine this calibration quantity for all the beta sources by addi-
tional measurements using extrapolation chambers. The conversion
coefficients obtained from these measurements (figure 1) allowed
the dose eguivalent for various angles of incidence to be calcu-
lated from the absorbed dose to tissue at the surface of a semi-
infinite slab of tissue-equivalent material for an angle of inci-
dence of 0° which is given in calibration certificates 3).

RESULTS

For every dosimetry system the results were shown in a dia-
gram so that the overall performance, as well as the energy and
angular dependence of the response, could be seen. The method of
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Figure 2: Two examples of results obtained for thermolumines-
cence dosimetry systems during the intercomparison programme.
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presentation is 1illustrated in figure 2. The left-hand side of
the top row contains the number and type of the dosimetry system.
The result was calculated as a quotient of dose assessed by the
participant by the dose to which the dosemeter was exposed by the
irradiating laboratory (taken as conventional true value). For
each dosemeter, the value of the quotient falling between 0 and 2
(first column) is represented by a horizontal bar under the ap-
propriate radiation quality (second row) and the angle of inci-
dence (third row). The area between this bar and the line repre-
senting quotient value equal to unity is shaded providing a visu-
al indication as to whether the assessment by the dosimetry sys-
tem is an overestimate or an underestimate. The letter "Y" in the
second row indicates the wuse for irradiation of a 90Sr/90Y
source with a relatively thick encapsulation whereas "Sr" indi-
cates that of a source with thinner encapsulation, but of the
same nuclide. On the right-hand side of the first row, mean val-
ues of the quotient for all the beta irradiations {(mg) and that
for all the 137cs irradiations (mgcg) together with corre-
sponding coefficients of variation, vg and vpg, are given.

The results of the dosimetry systems show substantial var-
iability. System No. 15 showed the best overall performance for
beta radiation (mg = 1.03; vg = 10 %). 35 of the 47 systems
were unable to measure the low penetrating beta radiation from
147pm. only 2 TLD systems using thin or effectively thin detec-
tors were capable of assessing all doses of this intercomparison
within + 40 %. A considerable number of systems showed signifi-
cant orientation dependence of response even for beta rays of
higher energies (from 20411 and 990sr/90y sources). There-
fore, even if the results obtained for the 147pm irradiations
are excluded, for only 4 systems (3 TLD, 1 film) all the results
lay within + 40 %. This number of systems increases to 16 (9 TLD,
7 film) if 10 % outliers are regarded as being admissible.

A number of participants seemed to have problems when cali-
brating (at normal incidence) their dosemeters with 137¢cs gamma
radiation and with 205r/90y peta radiation. The mgg values
ranged from 0.58 +to 1.42, the corresponding values for
90Sr/90Y sources from 0.45 to 1.70. These ranges of values
are not considered to be satisfactory. It is noted that some par-
ticipants had problems with outliers, this being a strong argu-
ment for improving quality assurance.

More details of the intercomparison can be found else-
where(4), Participants found it a very useful exercise in im-
proving the practice of radiation protection and felt that the
intercomparison programme should continue. It was felt that there
was a need for meetings on the topic of practical beta dosimetry,
perhaps to be held on a regular basis.
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