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Abstract

RETROSPECTIVE RADIATION DOSE RECONSTRUCTION USING OPTICALLY
STIMULATED LUMINESCENCE ON NATURAL MATERIALS.

Optically stimulated luminescence (OSL) techniques especially aimed at using natural
materials for retrospective reconstruction of accidental radiation doses in populated areas were
developed and studied at Ris0 as part of an EU research project. Quartz and feldspars separated from
building materials, such as bricks and tiles, in addition to porcelain from toilet tanks had their OSL
signals measured using different light sources for stimulation to assess radiation doses received by the
material. Radiation doses were also evaluated from OSL measured directly on unseparated samples
i.e. directly from the surface of brick and tile materials. The lower detection level for e.g. quartz
extracted from a modern brick measured using a green light wavelength band as the stimulation light
source was found to be less than 1 mGy. The techniques developed and applied are described and
results from measurements carried out on a variety of materials are presented.

1. INTRODUCTION

Optically stimulated luminescence (OSL) arises from recombination of charge which
has been transferred into metastable locations in the lattice of materials as a result of
irradiation, and thus is related to the radiation dose which the materials have received. During
the exposure to the stimulation light the OSL signal decreases down to a low level.

Application of OSL for dating of sediments was first demonstrated by Huntley et al.
(1985) who used the green light from an argon laser (514.5 nm) to stimulate luminescence
from quartz. Luminescence emitted during recombination of the detrapped charges is
measured in a spectral region different from that of the exciting photons and is proportional to
the radiation dose absorbed in the material. The physical principles of this technique are
closely related to those associated with the well known thermoluminescence (TL) technique
where heating is used for excitation. However, using light instead of heat to induce
recombination clearly simplifies the instrumentation, since there is no need for accurate
thermal controls.

The instrumental simplicity of optical stimulation also makes this technique
attractive for radiation dosimetry using natural materials collected in the environment.
Retrospective dose reconstruction after radiation accidents can be accomplished on the basis
of environmental materials which were exposed to radiation during the accident and possess
the ability of producing recombination luminescence. Natural dosimeters meeting this
requirement are quartz and feldspar inclusions found in fired materials such as bricks, tiles
and porcelain where the firing has erased any previously absorbed dose. The cumulative dose
accrued from natural sources as well as the accidental dose can be measured either by
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thermoluminescence (Bailiff and Haskell 1984, Haskell 1993, Stoneham 1985) or by optically
stimulated luminescence (Godfrey-Smith and Haskell 1994).

In an effort to apply optical stimulation for retrospective radiation dosimetry a
number of basic studies of OSL techniques were undertaken at Ris0. The materials
investigated include quartz and feldspars extracted from bricks, outdoor tiles and porcelain
from toilet tanks.

2. APPARATUS AND TECHNIQUES

The apparatuses used for the experimental work were mainly OSL units developed as
attachments to the automated Ris0 TL reader (Better-Jensen 1987) and include a scanning
monochromator for wavelength resolved luminescence measurements. An instrument for
continuous OSL scanning of sediment cores was also developed. The latter technique
naturally lends itself to the continuous scanning measurements of brick cross-sections,
allowing radiation depth dose profiles to be measured directly.

The basic OSL unit, containing light sources for both green light and infrared
stimulation, enables measurements of OSL signals from both quartz and feldspar samples
(Bertter-Jensen and Duller 1992). Green light stimulated luminescence (GLSL) is achieved by
illumination with a filtered light spectrum from a halogen lamp using exchangeable excitation
and detection filter packs. The GLSL unit is designed to select a green light stimulation
wavelength band using excitation filters extending to as low a wavelength as possible while
still being sufficiently separated from the luminescence emission spectrum. The infrared
stimulated luminescence (IRSL) is generated by an infrared diode array (peak emission of 875
e 80 nm) placed close to the sample. While GLSL can be used with both quartz and feldspars,
IRSL seems only to work with feldspars.

Ideally, however, the spectral excitation and emission characteristics of quartz and
feldspar materials prepared for dosimetric evaluation would be routinely scanned since this
would also allow the possibility of choosing the most suitable energy windows in which to
carry out the measurements. A compact module was developed that allows for the
monochromatic illumination of samples in the wavelength range 380 to 1020 nm, enabling the
measurement of energy resolved OSL (B0tter-Jensen et al 1994). The unit can be directly
coupled to the existing automated Ris0 TL/OSL system. The unit can also be used for
recording wavelength resolved emission spectra, whether photo excited or thermally
stimulated. A schematic diagram of the combined OSL attachment is shown in Fig. 1.

The continuous OSL core scanner system allows the optical sensors to be moved
across either sediment or brick cores. A stepper motor drive ensures constant scan rates and
accuracy in positioning to better than 0.1 mm. The optical sensor system was developed at
Risp and consists of a photo-excitation and detector module together with lamps for bleaching
and regenerating OSL. Photo excitation is made using a filtered halogen lamp generating a
green wavelength band (420-550 nm) and the brick core is scanned using an excitation slit
beam of 10 mm x 1 mm which determines the resolution of the system. Photo detection is
made through a 6 mm standard Hoya U-340 filter (peak emission at 340 nm). OSL dose
normalisation is made either by using short wave UV light from a 20 W low pressure HG
lamp or exposing the brick cores to a Cs-137 gamma field and afterwards scanning the OSL
sensitivity across the brick profile. A schematic diagram of the OSL scanner system is shown
in Fig. 2.
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3. RESULTS

OSL sensitivity of quartz depends very much on the thermal history of the material:
fired samples giving up to an order of magnitude larger signals than non-heated samples. An
attempt to determine the lower detection levels using green light stimulated luminescence on
fired quartz was made by obtaining dose versus GLSL response curves for a variety of quartz
samples extracted from archaeological specimens such as bricks, burnt stones and clay. The
GLSL response curve for a sensitive quartz extracted from burnt clay obtained using the
multiple aliquot method is shown in Fig. 3A. As seen, the lowest detectable dose for this
material is well below 1 mGy.
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Fig. 1. Schematic diagram of the OSL attachment showing the excitation lamp system with
monochromators mounted both on the excitation side and the detection side.
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Fig. 2. Schematic diagram of the automatic OSL brick core scanning system.
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A single aliquot method was also tested on the same quartz sample as above where
the dose response curve was obtained using the regeneration technique. Beta irradiations were
carried out using the Sr-90 source of the Ris0 TL/OSL reader and GLSL measurements were
carried out as described above. The results obtained show very little scatter because of the
single aliquot technique used where no normalisation is needed. Fig.3B presents the dose
versus GLSL response curve in the dose range 0.1 to 5 mGy compared to that of the TL
response. The lower detection level using GLSL on this particular sample is seen to be well
below 0.5 mGy.

The accumulated "natural" dose induced in quartz by radionuclides contained in
modern brick materials and the environmental gamma radiation was measured using GLSL on
extracted quartz samples. This experiment was aimed at determining the lower detection limit
for an additional dose received by a brick as a result of radioactive release from a nuclear
accident taking into account the GLSL contribution from the natural background dose. The
quartz grains were extracted from the material and the absorbed dose was determined by
GLSL using the additive dose technique. The dose was estimated to be about 200 mGy which
is in very good agreement with the expected value based on an annual dose rate of about 5
mGy/y from the environmental radiation and the natural radioactivity in the brick. For this
particular brick a lower detection limit for an additional accidental dose would be in the order
of 20 mGy (10% above the background).

Depth dose profiles in bricks can be determined by measuring the OSL signals
directly from the unseparated material across the brick. Modern bricks were annealed at
500EC to remove any previously acquired TL/OSL signal and then exposed to Co-60 and Cs-
137 photon radiation fields, respectively. After irradiation, 8 mm diameter cores were drilled
out of the brick and sliced into 1 mm thick circular discs using a diamond saw. Each disc,
representing a particular depth in the brick, had their GLSL measured directly from the surface
of the unseparated material and as an example the OSL versus depth for an ancient brick
irradiated with Co-60 radiation is shown in Fig. 4A. As seen, the half value layer value is
about 75 mm which corresponds reasonably well with the expected attenuation of Co-60
photons in brick material. A brick collected from a house in the town Berezyaki in the
Chernobyl area was further measured using the same procedure and the GLSL signal
corresponding to the natural plus accidental dose versus depth is shown in Fig. 4B. The more
rapid attenuation seen here is in contrast to that obtained from the Co-60 irradiation and
demonstrates that the Chernobyl brick was exposed to a gamma spectrum with a much higher
content of low-energy photons.

The automatic core scanner system was used to measure the dept dose profiles across
the 200 mm length of a modern brick exposed in the laboratory to Co-60 and Cs-137 gamma
radiation doses, respectively. Ten mm cores were drilled from the brick after irradiation and
mounted directly under the light sensing head of the core scanner. The cores were scanned
with a speed of 1 mm per sec. using an excitation light density of 20 mW/cm2. Normalisation
was made after bleaching the cores either by exposing the cores by UV light produced by the
attached low-pressure Hg lamp or by exposing the cores perpendicularly to a Cs-137 gamma
field. Figs 5 A and 5B show the dose depth profiles obtained from OSL scanning of cores from
a brick that had been exposed from one direction in the laboratory to Cs-137 and Co-60
radiation, respectively (20 Gy). Monte Carlo calculated attenuation curves for the same
irradiation geometries are shown as well and as seen they compare well with the
experimentally obtained curves.
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Finally, an assessment was made as to whether the OSL technique can be used as an
alternative method for the established thermoluminescence technique for measuring accrued
dose levels in porcelain: since no heating is required, problems of heat induced sensitivity
changes during measurement are overcome. The OSL versus beta dose for a porcelain sample
was found to increase linearly with dose in the range 0-16 Gy and shows a further sublinear
increase of OSL signal up to at least 200 Gy. These preliminary measurements indicate that
dose levels of about 0.1 Gy can be determined using OSL techniques on porcelain. Porcelain
samples extracted from outdoor electrical insulators and lamp fittings collected at different
locations near the Chernobyl Nuclear Power Plant had their total absorbed doses assessed by
OSL. The OSL signals were measured on 8 mm diameter x 1 mm discs made from the
samples using green light stimulation. The total doses determined from 6 different specimens
varied from about 1 to 3,9 Gy: the highest doses being measured from electrical insulators
collected in the Red Forest hot area near the power plant.

4. CONCLUSIONS

Different OSL techniques developed recently at Ris0 for determining accrued doses
in natural materials have been described. These include scanning techniques for assessing
depth dose profiles in bricks by measuring OSL directly on the surface of the raw material.
Quartz extracted from fired archaeological specimens showed high OSL sensitivity and the
lower detection limit for these materials was found to be less than 1 mGy. Porcelain showed
interesting OSL properties and the high OSL sensitivity found especially for the glazing layer
of e.g. toilet tanks suggests that this particular material can be used with advantage for
assessing low accidental doses.
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(A) OSL versus Co-60 gamma dose (multi sample technique) for quartz extracted
from a burnt stone. (B) TL and OSL versus beta dose (single aliquot method) for the
same quartz sample.
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Fig. 4. OSL versus depth into an ancient brick measured with green light stimulation on I
mm discs drilled and cut through a brick that had been irradiated to 5 Gy Co-60
radiation from one side. (B) OSL versus depth into a brick collected at Chernobyl
that had been exposed to the "accidental" dose. Same technique was used as in (A).
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Fig. 5. (A) Relative depth dose profile measured with the automatic OSL scanner on a core
from a brick that had been irradiated to 20 Gy Cs-137 gamma radiation from one
side. The bold line shows the Monte Carlo calculated attenuation curve for
comparison. (B) Same as (A) but for 20 Gy Co-60 gamma radiation.
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