
IAEA-SM-356/28

DEVELOPMENT OF OSCILLOMETRIC, FLUORIMETRIC AND PHOTOMETRIC
ANALYSES APPLIED TO DOSE CONTROL IN RADIATION PROCESSING

I. SLEZSAK
Z. Bay Applied Research Foundation,
Budapest, Hungary XA9949713

A. KOVACS
Institute of Isotopes and Surface Chemistry, Hungarian Academy of Sciences,
Budapest, Hungary

W.L. MCLAUGHLIN
National Institute of Standards and Technology,
Gaithersburg, Maryland,
United States of America

S.D. MILLER
Sunna Systems Corporation,
Richland, Washington,
United States of America

Abstract

The high-frequency conductivity method (oscillometry) has been applied for absorbed dose
determination by measuring irradiated dosimeter solution. In order to improve the oscillometric analysis
a new digital, tuneable and programmable oscillometric reader capable of measuring absorbed doses in
the range of 1 - 300 kGy has been developed recently. Fluorimetry is a rarely used method to measure
high absorbed doses in radiation processing. Both organic and inorganic solid or liquid phase
compounds can be applied by measuring the optically stimulated luminescence (OSL) of gamma- or
electron-irradiated systems, which can be a reproducible function of absorbed dose. A novel
programmable fluorimetric reader has been developed to measure the radiation-induced OSL signal of a
recently developed polymeric film containing a microcrystalline dispersion of an inorganic fluor
(SUNNA film). To determine absorbed dose, the irradiated dosimeter film is excited with a pulsed blue
light beam at 450 nm, while the resulting Stokes-shifted emission is measured at 670 nm. After suitable
calibration, the OSL signals of different dosimeter samples are measured and the absorbed dose is
calculated and stored in the memory of the reader. Photometry is a widely used analytical method for
absorbed dose measurements in radiation technologies, although the measurement of light reflected from
the gamma- or electron-irradiated label for a suitable light source is not an accepted method so far. A
hand-held reflectometric readout system has recently been developed to measure light reflected from
potential dosimetric labels in the wavelength range of 400-700 nm. The instrument consists of a handset
and a display unit.

1. INTRODUCTION

Quality assurance in radiation processing is achieved by carefully applying characterized
dosimetry systems and procedures. In order to improve dosimetry for quality assurance of different
types of radiation processes both the development of new systems as well as the improvement of the
existing ones are of basic significance. In order to measure the different types of irradiated dosimeter
systems, various analytical evaluation methods have been established during the past decades. Three of
the existing methods, i.e. oscillometry, fluorimetry and photometry, will be discussed in the paper with
respect to their technical development leading to more simple determination of absorbed dose when
applying well-established dosimetry systems.
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Oscillometry is an electroanalytical method of conductivity measurements, when high frequency
alternating current is applied to measure or to follow changes in the composition of chemical systems
[1]. Originally it has been developed to evaluate the irradiated ethanol-monochlorobenzene dosimeter
solution in the dose range of 1 - 50 kGy. Recently it has been shown that the method is also applicable
for the evaluation of the irradiated aqueous alanine solution in the same dose range.

Fluorimetry can be applied for dosimetry purposes due to its significant sensitivity. The method is
based on the measurement of the fluorescent light; when a molecule, excited by UV or visible light,
emits part of its energy in the form of light. The intensity of the fluorescent light, which is related to the
concentration of the fluorescent compound e.g. formed due to ionizing radiation, can be a measure of
absorbed dose [2,3].

Photometry is one of the most frequently applied analytical method in absorbed dose
determination measuring in most cases the optical density of the irradiated dosimeters. The measurement
of the light reflected from the irradiated dosimeter has received attention only recently due to increased
interest of measuring dose of irradiated food commodities at quarantine locations. This approach
requires simple, quick, easy to evaluate routine dosimeters with non-destructive analysis to be carried
out on spot by regulatory inspectors e.g. at importing stations.

2. EXPERIMENTAL

The new oscillometric reader (discussed later) was tested with the ethanol-monochlorobenzene
dosimeter solution, which was prepared and used as described elsewhere [1]. The solution was sealed
both into 1-ml and 2-ml ampoules. Comparative measurements were done with the previous instrument,
the Radelkis type analogue oscillotitrator.

The new fluorimeter was designed for the measurements of the Sunna dosimeter film, which was
produced by Sunna Systems, Inc. It is an OSL dosimeter consisting of LiF as microcrystalline phosphor
suspended uniformly in a polymer material. The irradiated film is excited with light at 450 nm and the
emitted light is measured at around 650 nm.

The dosimeter systems used for the testing of the reflectometric instrument involved the
hexahydroxyethyl-pararosanilin-cyanide containing FWT radiochromic dye film produced by Far West
Company Ltd., Goleta, USA and the nitro-blue tetrazolium salt containing polymer based film produced
in the Institute of Isotope and Surface Chemistry of the Chemical Research Center, Budapest, Hungary.

The dosimeters used for testing the new analytical instruments were irradiated with the pilot scale
^Co gamma irradiation facility (3 PBq) of the Institute of Isotopes Co. Ltd. (Budapest, Hungary). The
irradiations were performed within the source cage of the irradiator at a position where the dose rate
was 18 kGy h'1. The dosimeters were placed within a perspex holder designed for calibration irradiation.

3. RESULTS AND DISCUSSION

3.1. Oscillometric studies

When oscillometry is applied to measure changes in the composition of chemical systems, the
ampoule containing the solution under test is placed - in case of capacitive cell - between the plates of a
capacitor of an oscillator. As the main properties (for example, specific conductance and dielectric
constant) of the solution change due to the change of its composition, the characteristics of the oscillator
(such as plate current and voltage, grid current and voltage, frequency) also change since the resistance
and/or capacitance of the circuit are altered. The main advantage of the method is that the electrodes are
not in direct contact with the solution, i.e. the analysis can be carried out in sealed ampoules, which
makes possible the quick, repeatable, non-destructive routine dose evaluation at any time after
irradiation.
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The development of the new oscillometric reader was based on the requirement of designing a
digital, programmable, tuneable, microcomputer-controlled routine instrument with a built in curve
fitting software, which is capable of evaluating e.g. ECB dosimeters irradiated in a wide dose range. To
achieve this purpose, first the control of the working frequency of the instrument was investigated in a
wide frequency range (100 kHz - 500 MHz) in order to characterise and to find the optimal
measurement conditions. The resonance frequency was measured using an oscillometric capacity flow
cell and a HP 4195 A impedance-meter.

The new oscillometric reader also employs a capacitive cell (like the previous oscillotitrator)
when the solution under test is made part of the dielectric medium of the capacitor in the circuit. The
impedance of the capacitor is dependent on the conductivity and the dielectric constant of the solution,
and through measuring its change the variation of the composition of the solution - produced by
irradiation - is followed. With respect to the highly sensitive part of the frequency curve of the ECB
solution, the frequency of the oscillator of the new oscillometric reader was chosen as 85 MHz. Since
the composition (i.e. the conductance) of the dosimeter solution varies due to irradiation, the amplitude
of the tuned oscillator changes too, i.e. with increasing conductivity (increasing dose) the amplitude
decreases.

The new reader contains a precise microcomputer-based signal processor, a real time clock, an
alphanumeric display, EEPROMs for data storage and remote control output. By changing the ampoule
holder, dosimeter solutions filled into 1-ml, 2-ml and 5-ml glass ampoules can be measured. During
measurement, the oscillometric response of a given dosimeter is shown in mV units, which can be
related to absorbed dose by means of a calibration function. This function is entered into the memory of
the reader prior to the measurements by using a set of calibrated dosimeter ampoules, which had been
irradiated previously to a set of absorbed doses covering the dose range of interest in a calibrated
gamma radiation source. The calibration function (a third order polynomial curve) is then stored in the
software of the reader. This function is used to evaluate the dosimeters irradiated to unknown doses
after having measured their oscillometric response.

So far, the ECB dosimeter solution has been tested with the new oscillometric reader and it was
found that dosimeters irradiated in the dose range of 1 - 300 kGy can be evaluated. As an example,
Fig. 1 shows the calibration curve taken in the dose range of 10 - 60 kGy.
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FIG. 1. Oscillometric response of the irradiated ECB dosimeters in the 10 - 60 kGy dose range.
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Similar to the effect of thickness on the precision of dose evaluation for some types of dosimeters,
the diameter of the ECB ampoule has to be controlled for oscillometric evaluation. The diameter
dependence of the dosimeter with respect to the diameter of the calibration ampoules was also
determined and the necessary correction factors established in order to achieve the required precision
(±5 % at la).

The introduction of the new digital, programmable oscillometric reader makes possible the quick,
reliable and repeatable routine dose evaluation of the irradiated ECB and alanine dosimeter solutions.

3.2. Fluorimetric studies

Certain radiation sensitive compounds give fluorescent light (optically stimulated luminescence,
OSL) after irradiation by ionizing radiation, when stimulated by UV or visible light. This phenomenon
can be utilized for dosimetry purposes, when there is a suitable shift between the excitation and the
emission wavelengths. This phenomenon was observed for certain organic and inorganic compounds.

The recent development of a new system, i.e. the imbedding of an inorganic fluor in a plastic
matrix (the Sunna dosimeter), required the evolution of a simple, table-top fluorimeter for the evaluation
and dose determination of the irradiated Sunna dosimeters. The fluorimeter type FR-2141 with a simple
sample holder, precise real-time curve fitting software and a remote control function has been designed
and manufactured by Sensolab Ltd. in God, Hungary. The 1.0 cm x 3.0 cm Sunna dosimeter can be
inserted into a hinged holder of the fluorimeter to measure the OSL signal. The OSL readout of the
irradiated dosimeter is achieved by exciting the fluor with a narrow light band centered at 450 nm. The
emitted light (E in mV units) is measured at 670 nm. This OSL value is then related to the absorbed
dose by means of the calibration function previously entered into the reader memory. Since the
microcomputer-based processor and the software are very similar to the ones used in the oscillometric
reader described above, the calibration and dose evaluation procedure for the irradiated Sunna
dosimeters are also similar to it.

The dose response of the net OSL signal for the Sunna type dosimeters is shown in Fig. 2.
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FIG. 2. Dose response of the Sunna dosimeter film in the 1-100 kGy dose range.
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Due to the high sensitivity of the fluorimetric analytical method itself as well as that of the Sunna
dosimeter and the fluorimetric reader developed recently, the irradiated dosimeters can be evaluated in
the dose range of 0.005 - 100 kGy (±5 % at la). However, due to the recent observations concerning
the irradiation-temperature dependence of the presently available Sunna dosimeter films, the
fluorimetric evaluation is suitable for doses only below 5 kGy; while at higher doses,
spectrophotometric evaluation is more appropriate.

Taking into account the present development of the dosimeters and the new fluorimetric reader,
the system seems to be capable for routine dose determination in various fields of radiation processing
and environmental applications.

3.3. Photometric studies

To address the present need of a simple, routine reflectometric readers to evaluate irradiated
dosimetric labels, our guiding principle was to develop a hand-held reflectometric instrument capable of
field applications. The aim was also to develop such a system, that is capable of evaluating different
types of labels (i.e. different colours) irradiated in different dose ranges.

The instrument developed for the purpose consists of two different parts, i.e. the handset and the
display unit. During measurement the label is lit with a high intensity light source (laser diode or LED)
and a silicon PIN photo-detector located in the handset is used to measure the intensity of the light
reflected from the dosimetric label. The sensitivity of the detector is matched to the visible range.
Different handsets with different light sources (red laser and yellow, green and red LEDs) are available
for the different types of labels to be evaluated.

The display unit contains the intensity stability circuit for the light source, the current/voltage
converter for the detector, filters and some amplifiers. The AD converter for the display unit is also
located here. The instrument is battery powered and the microcontroller-based calibrating method is
under development.

To test the instrument, different types of dosimeters (irradiated in the dose range of 0.1 - 30 kGy)
were used. The response curve obtained with the FWT film (produced at Far West Technology, Goleta,
USA) irradiated in the dose range of 1-30 kGy is shown in Fig. 3. A linear response was also observed
for other films. It is important to mention that labels irradiated in the dose range below 1 kGy can also
be evaluated according to our investigations.
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Fig. 3. Dose response of the light intensity reflected from irradiated FWT radiochromic dye film
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Taking into account the present achievements and observations the system is under further test
and development according to specific requirements.
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