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Abstract

A commercially available 'label dosimeter' is intended for visual evaluation. The physical
changes in colour and brightness are the basic changes on which subjective judgement relies. Change in
brightness was chosen as the parameter of objective evaluation and a reader was developed. After test
of an experimental set-up a prototype reader was developed and finally converted into an electronic
hand-held instrument. This allows for reading of the code of a 'label dosimeter' giving information about
its 'decision function' and the associated threshold dose value, reading the optical response of the
particular 'label dosimeter' and converting this into a judgement about acceptance or rejection of the
product lot under inspection. At present, such 'label dosimeters' are manufactured only for a limited set
of threshold dose values. For commercial scale and international trade applications a wide range of
such 'label dosimeters' need to be utilized. The electronic instrument developed in this study would
allow for a great variety of such 'label dosimeters' to be evaluated by objective means and the results be
recorded and transmitted for further evaluation by control authorities.

1. INTRODUCTION

The commercial availability of label dosimeters [1] and the proof of their general suitability in
commercial practices [2, 3] has fostered interest in instrumental read-out systems of such labels. Such
equipment could supplement the visual judgement of an inspector upon entry of the irradiated item into
a quarantine-protected area. The judgement by the inspector is whether or not the label 'indicates' that a
threshold dose was surpassed. The design of a prototype-reader relied on previously reported measure-
ments of'colour' in standardized (CIE-Lab) coordinates [2]. It could be shown that the trace of changes
in the ab-chromaticity space is a straight line; ie the relative components of 'red' and 'yellow' are
unchanged, saturation of colour decreases from bright to black. At a given illumination with yellow-red
light, hence, the change of the CIE-brightness ordinate L is a good measure of the radiation effect. The
validity of the concept, however, that a dose reading at a reference position can render information
about the adherence to a required minimum dose as in applications of quarantine and insect
disinfestation needs further evaluation [4].

2. MATERIALS AND METHODS

Label dosimeters (provided by courtesy of International Speciality Products (ISP) Inc., Wayne
NJ, USA) were irradiated at several doses around the nominal threshold value [2]. In a first approach,
the readings using an experimental set-up were compared with the results of colorimetric measurement
of brightness L. Illumination was from a light-emitting-diode (LED) at 615 nm and reflected light was
detected by use of a photodiode (Fig. 1). The response function for the several types of'label dosime-
ters' was then incorporated into a dedicated processor; a reader was added for the type coding of such
labels. Finally a display was designed giving a complete report of the measurements taken together with
a proposed judgement of the compiled results. The prototype was further miniaturized for ease of prac-
tical utilization and converted into a hand-held reader (Fig. 2). An interface was added in order to allow
for transfer of the collected data to a central documentation and evaluation system.
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FIG. 1: Schematic diagram of the prototype reader for label dose-indicators
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FIG. 2: Design of a miniaturized, hand-hold label indicator reader for routine applications
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FIG. 3: Comparison of CIE-L brightness (solid line) and photo-diode (prototype reader,
dashed line) signal for indicator nominal dose of 125 Gy; respective raw data normalized to
range 0 - l;fine vertical line indicator threshold; max/min of repeated measurements indicated
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FIG. 4: Comparison of CIE-L brightness (solid line) and photo-diode (prototype reader,
dashed line) signal for indicator nominal dose of 300 Gy; respective raw data normalized to
range 0 -1; fine vertical line indicator threshold; max/min of repeated measurements indicated
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3. RESULTS AND DISCUSSION

In a first step, reading the labels with a trichromatic colorimeter was compared to the results of
the experimental set-up. For this purpose data were normalized for initial (unirradiated) brightness to
100 % and for the asymptotic brightness value at higher doses to 0 % (Figs 3 and 4). Essentially both
curves are identical; however, with the prototype reader only one indicator per dose step could be
evaluated and repeatability is not shown in the figures.

The response function allowed for setting a threshold value for intensity of reflected light which
was related to required minimum value of dose at the reference position. It should be noted that the
'label dosimeters' as presently manufactured show saturation (complete darkening) only at dose levels
considerably higher nominal dose value. This finding implies that for the built-in decision function, the
range of expected signals at the intended minimum dose together with appropriate tolerance limits must
always be considered. From this observation a modified prototype was developed. This includes - for a
range of several labels and stored on ROM - the respective response curves, the appropriate decision
function, a code reader for identifying the type and kind of the label. The display is a YES/NO for
acceptance of the product lot under investigation; however, the complete detailed measurement results
are readable from an interface to a computer. It is intended to miniaturize the whole set-up (Fig. 2) in
order to obtain a hand-held reader for field use. For data collection, this instrument can also be coupled
to a computer.

From the experience in the simulated commercial scale experiments [4] it was concluded that
graded set of such 'label dosimeters' would be needed which are not yet commercially available; for
example, for the reported experiments (with a minimum target dose of 300 Gy in several
configuration/geometries of product) at 420, 430, 490, and 940 Gy nominal dose. However, their
design principle [1] allows for easy adjustment during manufacturing; it is only a question of economics
whether such fine grades could be offered.
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