
IAEA-SM-356/27

A POLYMERIC DOSIMETER FILM BASED ON OPTICALLY-STIMULATED
LUMINESCENCE FOR DOSE MEASUREMENTS BELOW 1 kGy

A. KOVACS, M. BARANYAI, L. WOJNAROVITS XA9949705
Institute of Isotopes and Surface Chemistry, Chemical Research Center,
Hungarian Academy of Sciences, Budapest, Hungary

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

W.L. MCLAUGHLIN
Ionising Radiation Division, Physics Laboratory,
National Institute of Standards and Technology,
Gaithersburg, Maryland,
United States of America

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

A. MILLER
High-Dose Reference Laboratory, Ris0 National Laboratory,
Roskilde, Denmark

P.G. FUOCHI, M. LAVALLE
Institute of Photochemistry and High Energy Radiation,
Bologna, Italy

Abstract

A new potential dosimetry system "Sunna" containing a microcrystalline dispersion of an
optically-stimulated fluor in a plastic matrix has been recently developed to measure and image high
doses. Our previous investigations have revealed that the new dosimeter system is capable of measuring
absorbed doses in the dose range of 1-100 kGy. The optically-stimulated luminescence (OSL) analysis
is based on the blue light stimulation of the colour center states produced upon irradiation, and the
intensity of the resulting red-light emission is used to measure absorbed dose. This analysis is carried
out with a simple table-top fluorimeter developed for this purpose having also the ability to calculate the
mathematical formula of the calibration function. The Sunna dosimeter was recently investigated for
potential use in lower dose range below 1 kGy. These investigations have shown that the film is suitable
for measuring doses in the range of 1-1000 Gy for both electron and gamma radiation. To test the
applicability of the film, its reproducibility, stability, sensitivity to ambient and UV light and irradiation
temperature were measured. The stability of the dosimeter was investigated by monitoring the change of
the OSL signal with storage time after irradiation. Further experiments proved the homogeneity of the
film with respect to thickness variation, and limited differences in its response were found between
batches.

1. INTRODUCTION

Upon irradiation of alkali halide crystals (e.g. LiF), various types of stable absorption bands
appear in the crystal lattice as "damage" centers. By photoexcitation of some of these centres increasing
luminescence is produced with increasing radiation dose. Optically stimulated luminescence (OSL)
dosimetry, by applying inorganic solid-state fluors distributed in a matrix, is a well-known method to
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measure small absorbed doses [1]. The readout method uses excitation of the fluor by relatively short
wavelength light (e.g. blue light, 450 nm) and the resulting emission intensity is measured by a
photodetector at higher wavelengths (670 nm). The OSL method has the advantage that the emission
centers are not removed by the readout procedure; thus the irradiated samples can be read several times
making possible e.g. archival dosimetry application.

A new OSL based dosimeter system, the Sunna dosimeter film, has been developed recently with
the primary aim of measuring doses in the sterilization range. Detailed investigations have revealed that
this dosimeter film is capable of measuring doses in the range of 1-100 kGy [2]. Due to irradiation
temperature and dose rate effects on the film, however, for higher doses (> 5 kGy), the optical
absorption evaluation method with short-wavelength ultraviolet densitometry or spectrophotometry
appears to be more suitable than the OSL evaluation. In the lower dose range (< 5 kGy), however, this
method is not sensitive enough, thus the potential use of OSL analysis was investigated.

The aim of the present work was to study the applicability of the Sunna "N" film with OSL
readout with respect to the characteristics of the film radiation temperature dependence and response to
gamma radiation and electrons. In addition, a new OSL readout instrument is introduced.

2. EXPERIMENTAL

There are different types of the Sunna dosimeter films containing the same fluor (LiF), but
incorporated into different types or different thicknesses of polymer host material. In the case of the
Sunna "N" type film, it is polyethylene with a thickness of 0.24 mm or 0.40 mm. The size of the film is
lcm x 3cm which fits into the hinged holder of the OSL reader. The reader is the Sunna
Fluorimeter(type FR-2141, produced by Sensolab, Ltd. God, Hungary). It is a simple table-top
fluorimeter, coupled with a PC, designed to measure the dosimeter film. The irradiated samples are
excited with a pulsed light source of wavelength of around 450 nm. The emitted fluorescing light is
measured by photometric reading at around 670 nm, and its value (mV) can be related to the absorbed
dose (kGy) by means of a calibration function that has been entered previously into the memory of the
reader using a set of "standard" irradiated OSL dosimeter samples. The calibration function (a third-
order polynomial) is stored in the Word Perfect for Windows software in the memory of the reader for
absorbed dose determinations of dosimeter samples irradiated to unknown doses. The calculated dose
values are then stored in the memory of the reader.

The gamma irradiations were carried out with the Gammacell type 60Co facility of Riso National
Laboratory (Roskilde, Denmark; dose rate in the irradiation position: 1.8 kGy/h), and with the pilot
scale 60Co irradiation facility of the Institute of Isotopes Ltd. Co. (Budapest, Hungary; dose rate in the
irradiation position: 1.0 kGy/h and 18 kGy/h). The electron irradiations were performed with the 10-
MeV linear accelerator (2-u.s pulses of 4 Gy/pulse with 50 Hz repetition rate) of the Institute of
Photochemistry and High Energy Radiation Research of the C.N.R. (Bologna, Italy).

The absorbed dose in the case of the gamma irradiations at the Institute of Isotopes and Surface
Chemistry was measured with the oscillometric ethanol-monochlorobenzene dosimetry system, while in
the case of electron irradiations the dose per pulse value was determined with super Fricke dosimeter
solution.

3. RESULTS AND DISCUSSION

3.1. Dose response with gamma and electron irradiation

In order to study the dose response of the Sunna "N" type dosimeter film, the fluorimeter,
originally developed for dose measurements in the 1-100 kGy range, was modified to enhance the
system sensitivity for measuring doses below 1 kGy. The Sunna films were irradiated in the dose range
of 1-1000 Gy using both gamma and electron irradiation. The dose response of the dosimeter film for
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FIG. 1. Dose response of the gamma and electron irradiated Sunna "N" dosimeter film
(error bar: 1 standard deviation)

the two types of irradiation is shown on Fig. 1. The net OSL signal was divided by the thickness of the
film, and this value is plotted as a function of absorbed dose.

When studying the dose response of the Sunna "N" film below 1 kGy it was found that with the
present film and the reader doses from about 1 Gy can be measured with a reproducibility of less than
±5 % (1 a). The response function can be described with a second-order polynomial for both types of
radiation. The response of the film is not the same (see Fig. 1.), i.e. it is less sensitive for electron
irradiation (high dose rate) than with gamma radiation (low dose rate), and this effect becomes more
pronounced with increasing dose.

When studying the effect of gamma-ray dose rate in the range of 0.18-18 kGy/h, no difference in
the response of the films was observed in the case of the films irradiated up to a dose of 1000 Gy. When
comparing the response of the films irradiated to the same dose with electron and gamma irradiation,
however, it was found that the electron irradiated film samples had approximately 20 % less response.

3.2. Effect of irradiation temperature

In order to check the effect of irradiation temperature on the response of the Sunna "N" film -
especially in light of the previous observations of significant temperature dependence at doses above 5
kGy [3] - the dosimeter samples were irradiated in the temperature range of 10-60 °C at doses of 100
Gy, 500 Gy and 1000 Gy. Similar effect was observed at all three doses as shown in Fig. 2 for
1000 Gy.
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FIG. 2. Effect of irradiation temperature on the dose response of the Sunna "N" film
(All data are normalized to the OSL value measured at 25 °C)

As seen, there is almost no effect of the irradiation temperature in the temperature range of 15-
60 °C, but below 15 °C a lower dose response was found. This observation is also supported by our
preliminary results carried out in the temperature range of-30 to +10 °C, where the dose response at
low temperatures showed a significant decrease compared to the results measured at room
temperature.

3.3. Stability of the OSL reading

The stability of the OSL reading after irradiation has been studied in order to determine the
most suitable timing for readout, both for calibration and routine measurement. Immediately after
irradiation, a significant increase in the OSL signal was observed in the first 4 hours, then the signal
becomes stable. The long time stability, on the other hand, has shown that the OSL signal increases -
although to a much smaller extent - during the first two days after irradiation. In order to improve the
post irradiation stability of the film, the irradiated film samples were heated after irradiation at 60 °C for
15 minutes. According to our preliminary investigations this heat treatment resulted in the
disappearance of the post irradiation change, i.e. the OSL response of the films irradiated to 500 Gy and
1000 Gy was almost constant for hours after irradiation (Fig. 3.).

With respect to the stability in the presence of ambient light, the Sunna "N" film samples were
exposed to different intensities of UV radiation using different types of UV lamps. The OSL signal of
the films was measured before and after exposure and no change in the reading was observed, indicating
the absence of the effect of light on the dosimeter film.
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FIG. 3. Change ofOSL signal of films irradiated to 1000 Gy with and without post-irradiation heat
treatment(OSL readings are normalized to the value measured soon after irradiation).

4. CONCLUSIONS

The Sunna "N" type films studied earlier for high-dose applications using the OSL evaluation
method have been investigated with respect to their potential use for measuring doses below 1 kGy. By
modifying the fluorimeter that was originally designed for high doses, it was possible to carry out dose
determination in the range of 1-1000 Gy.

The dose response functions of the gamma and electron irradiated Sunna "N" films were different
for the two types of radiation, gamma-rays and electrons, but each can be described by a second-order
polynomial in the dose range of 1-1000 Gy. It means consequently, that these types of films must be
calibrated separately both for gamma and electron irradiation.

No irradiation temperature effect was observed on these dosimeter films in the temperature range
of 15-60 °C, but below 15 °C decreasing signal of the OSL response was found with decreasing
temperature. There is no dose rate effect in the case of gamma irradiation in the range of 0.18-18 kGy/h.
At very high dose rates of electron irradiation, however, smaller response compared to gamma
irradiation dose rate was observed.

No effect of UV radiation on the stability of the response of the dosimeter film was found. It was
shown, however, that post-irradiation heat treatment of the irradiated films eliminates the change
(increase) of OSL response of the films thus increasing their post-irradiation instability.

57



ACKNOWLEDGEMENT

The present work was carried out with the support of the Hungarian National Research Fund (contract
No.: T 017089) and in the frame of the Joint US - Hungarian Research Fund No. 508.

REFERENCES

[1] MILLER, S.D., ESCHBACH, P.A., Optimized readout system for cooled optically stimulated
luminescence, Radiation Effects Defects Solids, (1991), 119-121.

[2] MCLAUGHLIN, W.L., MILLER, S.D., SAYLOR, M.C, KOVACS, A., WOJNAROVITS, L., A
preliminary communication on an inexpensive mass-produced high-dose polymeric dosimeter based
on optically-stimulated luminescence, Radiat. Phys. Chem. (in press).

[3] MCLAUGHLIN, W.L., PUHL, J.M., KOVACS, A., BARANYAI, M., SLEZSAK, I., SAYLOR,
M.C., SAYLOR, S.A., MILLER, S.D., MURPHY, M., Work in progress, Sunna Dosimeter: An
integrating photoluminescent film and reader system, Radiat. Phys. Chem. (in press).

58


