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Summary. The optimum conditions of preheat temperature,
stimulation temperature, etc. in the single-aliquot regenerative
optically stimulated luminescence (SAR OSL) method were
examined specifically for measuring background dose in nat-
ural quartz extracted from soils collected around Tokai-mura
in Japan. The objective was to assess the potential of SAR-
OSL dosimetry using soils for retrospective assessment of
a radiation accident. Variation in dose with depth was also
measured.

The SAR data showed good reproducibility and dose re-
covery, and there was no evidence of fading of the quartz
signal based on “delayed” dose recovery experiments. The
minimum detection limit (MDL) dose was about 0.1 Gy.

The dose dependence was measured using both the above
SAR OSL protocol as well as a SAR thermoluminescence
(TL, violet emission) protocol. The background doses were
generally in the range of the MDL to several Gy, and no clear
trend in dose depth profile was observed.

From these results, we conclude that SAR OSL dosimetry
using natural quartz extracted from soil could be used to
evaluate the dose of an accident.

1. Introduction

Presently, the single-aliquot regenerative-dose optically
stimulated luminescence protocol (SAR OSL; Murray and
Wintle, 2000) is widely used to determine the equivalent
dose (De) to quartz in the field of dating and retrospective
dosimetry (Ramzaev et al., 2008; Murray et al., 2008). How-
ever, Tsukamoto et al. (2003) showed that there are several
problems in dating using unheated Japanese volcanic quartz
by the SAR OSL procedure.

In this study, we investigated the performance of the
SAR protocol for dose measurement (not for dating) using
Japanese quartz extracted from soil. The SAR protocol was
then used to estimate the naturally accumulated dose in
quartz samples extracted from the top 100 mm depth of the
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soil. The De values obtained by SAR OSL were compared
with those obtained using violet thermoluminescence (VTL)
signals.

2. Experimental

Soil samples were collected from three different locations
(Higashiishikawa, Nagasuna and Terunuma) around Tokai-
mura, Ibaraki Prefecture in Japan as part of our monitoring
plan. The samples were taken from the depth of 0–100 mm
at each location using stainless steel tubes to prevent expo-
sure to sunlight.

In the laboratory, all columns were separated into 10-mm
depths. These samples were treated by the same procedure
as described in the previous paper (Fujita and Hashimoto,
2006). All procedures were performed in dim red light. Pu-
rity of the quartz samples was determined using infrared-
emitting LEDs which showed an undetectable signal (Jain
et al., 2001).

All measurements were performed using a Risø TL-OSL-
DA-15 reader (Bøtter-Jensen et al., 2003) equipped with
90Sr/90Y beta source delivering a dose rate of 0.10 Gy s−1 to
the quartz sample (as determined by calibration with a ref-
erence gamma source of 137Cs). For OSL measurements,
stimulation light was provided by blue emitting LEDs (blue-
LEDs, 470 ± 30 nm, ∼ 50 mW cm−2), and both OSL and
VTL signals were recorded with a Hoya U-340 filter in the
optical detection system.

The SAR protocol was defined by measurement of OSL
characteristics using Higashiishikawa quartz illuminated by
a SOL2 solar simulator to eliminate naturally accumulated
OSL signals. After illuminating the quartz, the aliquots were
irradiated with 5 Gy and then were used in the experiments.
The SAR protocol involves making repeated OSL measure-
ments (Lx) on each aliquot to obtain a dose response curve
and comparing the natural (or artificial) luminescence inten-
sity (LN) with this curve to determine the equivalent dose
(De), while monitoring changes in sensitivity (Murray and
Wintle, 2000).

For investigating the thermal stability of OSL signals,
three aliquots of the sample were preheated at various tem-
peratures for 10 s before the OSL was measured, then a test



46 H. Fujita, M. Jain and A. S. Murray

dosed OSL was measured to monitor changes in sensitivity
(Lx/Tx measurements). All measurements were conducted
with a storage time of 1000 s after irradiation to prevent the
influence of afterglow signals (which are unstable at room
temperature) on OSL measurements.

Minimum detection limit (MDL) is partly dependent on
the sensitivity of the sample, as well as the experimental
conditions such as counting efficiency and sample mass.
One practical approach to defining the MDL is to estimate
the background dose from a bleached sample. Such back-
ground doses were measured using five aliquots (extracted
from Higashiishikawa soil) bleached using the SOL 2 solar
simulator.

The dose profiles of three samples were estimated using
the SAR OSL protocol outlined on the basis of a preheat
plateau to determine the influence of sunlight bleaching on
quartz. In order to interpret the influence, the profiles using
the same samples were also measured by VTL dosimetry
because the VTL component could be hard to bleach by
sunlight in comparison with the OSL one, except for the
components in the lower temperature area.

3. Results and discussion

3.1 Thermal stability

A pulse annealing curve averaged using three aliquots of the
sample with associated uncertainties of 1 σ (standard devi-
ation) is shown in Fig. 1. The OSL signal was estimated by
integrating the counts in the first 0.4 s after subtracting the
average background estimated from the data in the last 2 s
of the OSL curve (Fig. 1, inset). The corrected OSL signal
intensity (Lx/Tx) showed a two-step decrease with preheat
temperature. A component of the OSL signal was unstable
and decreased with large scatter at a preheat temperature of
between 30 and 120 ◦C. The more stable component showed
a plateau after preheating at between 140 and 200 ◦C and
then underwent a rapid decrease leading to almost complete
depletion at a preheat temperature of 320 ◦C. These trends

Fig. 1. “Pulse annealing” curve of the OSL from natural quartz col-
lected at Higashiishikawa. Inset shows OSL decay curves with preheat
temperature.

Fig. 2. Dependence of measured dose on preheat temperature in a dose
recovery test. Inset shows the dependence of recovered dose on stimu-
lation temperature.

are probably related to two or more traps giving rise to the
OSL signal.

To determine the appropriate conditions of preheat treat-
ment, a dose recovery test was conducted using Higashi-
ishikawa quartz. The aliquots were stored for 3 d before
dose recovery measurement using SAR to mimic an acci-
dent dosimetry scenario. The averaged results of the dose
recovery test with preheat temperature are plotted in Fig. 2,
with associated uncertainties of 1 σ (standard deviation). In
these experiments, three aliquots were used at each preheat
temperature and 30 ◦C was chosen as the stimulation tem-
perature. The recovered doses increased with preheating at
between 30 and 140 ◦C and then followed a plateau up to
a preheat temperature of 180 ◦C followed by a decreasing
tendency. From these results, the preheat temperature could
be chosen in the range of 140–180 ◦C. However, the recov-
ered doses in the range of the preheat temperature were still
underestimated. The dependence of the recovered dose on
stimulation temperature (60–125 ◦C) was then investigated

Fig. 3. Dependence of recovered dose on preheat temperature and time
in a dose recovery test.
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using preheating at between 140 and 180 ◦C as shown in the
inset of Fig. 2. Stimulation temperatures above 125 ◦C were
not examined in this study because the OSL components at
the temperature could include VTL components. The recov-
ered doses increased with stimulation temperature at each
preheat temperature for 10 s. From the figure, it was con-
sidered that stimulation at 125 ◦C was suitable for the dose
estimation. Moreover, the preheat time was varied between
30 and 120 s for a preheat temperature of 140–180 ◦C using
a stimulation temperature of 125 ◦C. The averaged results
using three aliquots are shown with associated uncertainties
of 1 σ (standard deviation) in Fig. 3. There was no sig-
nificant correlation between the preheat time and recovered
dose, but the estimated dose after the preheat treatment at
180 ◦C for 30 s corresponded to the given dose.

From these results, preheat treatment at 180 ◦C for 30 s
and stimulation at 125 ◦C were selected for the SAR OSL
protocol in later sections.

3.2 Depth profile of naturally accumulated doses in
soil using SAR OSL and SAR VTL dosimetries

The background dose from the bleached sample gave a mean
of 0.06 Gy and a standard error of 0.02 Gy. Assuming that
we would be able to detect a naturally accumulated dose
equal to or greater than three standard errors above the mean,
we estimated an MDL of ∼ 0.12 Gy for this sample.

Fig. 4 shows the SAR OSL dose profile with sampling
depth. The dose profiles were averaged by three aliquots at
each depth and are shown with associated uncertainties of 1
σ (standard deviation). The estimated doses were below the
detection limit using quartz extracted from Terunuma soil.
The dose profile of Higashiishikawa quartz was independent
of sampling depth, whereas the other dose profile of Naga-
suna quartz changed by depth. The reason why these dose
profiles were different might be interference by environmen-
tal conditions. The Higashiishikawa sample was collected
from a shrine field that was relatively undisturbed by people,
whereas the other soil sample was collected from a residen-
tial area that might have been interfered with by people. The
different dose profiles may have been caused by environ-
mental conditions.

The dose profile was also estimated by VTL measure-
ment. No natural signals of the VTL peak at 160 ◦C could
be found in any of the VTL measurements as suggested in
a previous paper (Fujita and Hashimoto, 2007). The results
confirmed that the VTL dosimetry using the peak at 160 ◦C
could evaluate, without background effects, the dose accu-
mulated in a site affected by an accident.

Table 1 summarizes naturally accumulated doses as the
average of all depths at each sampling point. The experi-
mental errors of accumulated doses were derived from three
aliquot analyses. Generally speaking, the doses estimated
by the SAR OSL protocol showed lower accumulated doses
than those by the SAR VTL protocol using the VTL peak
at 215 ◦C except for Terunuma quartz. In principle, if there
is no fading of the luminescence sources during the storage
period after heating or bleaching, the estimated doses using
quartz should agree with each other. However, the doses esti-
mated by SAR OSL measurements were 30–40% lower than
those by SAR VTL measurements. The results suggest that

Fig. 4. SAR-OSL dose depth profiles for two soil-sampling points plot-
ted against sampling depth.

Table 1. Naturally accumulated doses averaged at each sampling point.

Sampling point SAR-OSL (Gy) SAR-VTL (Gy)

Higashiishikawa 0.97±0.34 1.4±0.34
Nagasuna 1.4±0.69 2.4±0.93
Terunuma < detection limit −

the soil was partially bleached during deposition and stor-
age time because the OSL components may have originated
from the light-sensitive portion of the VTL peak at 215 ◦C.

Quartz from Terunuma soil emitted a huge VTL peak at
305 ◦C which widened at around 180 ◦C, and so it was diffi-
cult to estimate the dose by SAR VTL dosimetry. In contrast,
the doses estimated by SAR OSL were below the detection
limits. These results indicate that the SAR OSL protocol
using older Japanese surface soil has an advantage for ac-
cident dosimetry to measure the artificially irradiated dose
separately from the huge naturally accumulated dose.

4. Conclusion

The dose estimation method using SAR OSL measure-
ments was investigated using natural quartz extracted from
Japanese soils. The results indicated that dosimetry based
on SAR OSL measurements could be used for retrospective
dosimetry. Moreover, the MDL of the SAR OSL was deter-
mined to be ∼ 0.12 Gy for the samples.

On the other hand, the dose profile in soil was not de-
pendent on depth from the surface and varied between the
SAR OSL and SAR VTL protocols. The difference may
have been due to environmental conditions. The results from
Terunuma quartz suggest that the SAR OSL protocol using
older Japanese soil has an advantage for accident dosime-
try compared with SAR VTL dosimetry because SAR OSL
could measure the estimated dose but SAR VTL could not.

Further work is necessary to determine whether the de-
veloped SAR OSL protocol could also be used for retro-
spective dosimetry using natural quartz extracted from other
places in Japan.
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