Sensors and Materials, Vol. 22, No. 7 (2010) 377-385
MYU Tokyo

S & M 0817

Environmental Radiation Monitoring
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A personal glass dosimeter (GD) based on the radiophotoluminescence phenomenon
in Ag*-doped phosphate glass was evaluated for its applicability to the measurement of
environmental natural background radiation. To investigate the potential of the personal
GD, we measured the monthly data of environmental natural background radiation
at seven points in Ishikawa prefecture. The results indicated that the personal GD is
suitable and reasonable for monitoring environmental natural background radiation.
It is very important to monitor environmental natural background radiation to detect
changes in environmental radiation dose such as experiments using an atomic bomb or
an accidental leakage of radioactivity from a radiation facility. The personal GD will be
a very useful tool to monitor both the environmental natural background radiation dose
and personal radiation dose.
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1. Introduction

We have been exposed to radiation for as long as we have lived on the earth. It is
inevitable to be exposed to environmental radiation; however, if environmental radiation
did not exist, we could not have existed either. Although environmental radiation
is necessary for life, the dose of the radiation governs its effect on human health.
Therefore, it is important to determine the exact environmental radiation dose. So far,
some types of personal dosimeter have been developed not only for personal monitoring
but also for environmental radiation monitoring. For instance, a thermoluminescence
dosimeter (TLD) has been studied to monitor environmental radiation.(> Recently,
newly developed passive dosimeters, such as an optically stimulated luminescence
(OSL) dosimeter or a direct ion storage (DIS) dosimeter have also been tried to
monitor environmental radiation.® Although an active dosimeter has been found to be
appropriate for monitoring dose equivalent rates of environmental background radiation,
passive dosimeters such as TLD, OSL and DIS have also a good potential to monitor
environmental background radiation.® In 2001, the Japanese law concerning radiation
protection was modified and passed, that is, the dose equivalents at the boundary of the
controlled area must be limited be less than or equal to 1.3 mSv/3 months; consequently,
not only dose equivalent rates but also dose equivalent can be applied to environmental
radiation monitoring. In this study, we investigated the potential of a personal GD (type:
GD-450, supplied by Chiyoda Technol Co., Ltd.), which is a passive dosimeter, for
environmental radiation monitoring. We compared the capability of glass dosimeters
with other dosimeters such as a Luxel badge based on the OSL phenomenon and a
DIS dosimeter. It is found that GD-450, which is a GD, is very useful for detecting
environmental radiation.

2. Materials and Methods

2.1 Principle of personal dosimeters

A personal GD of type GD-450 is made of Ag'-doped phosphate glass (AGC Techno
Glass Co., Ltd.), supplied by Chiyoda Technol Corp.® Another GD of type SC-1, which
was developed for environmental radiation monitoring, was also used in experiments.
The glass material of the SC-1 dosimeter is the same as that of GD-450; however, the
filters used are different. The principle of the GD is as follows: the Ag*-doped phosphate
glass after exposure to ionizing radiation exhibits an intense luminescence caused by
excitation with ultraviolet light. This phenomenon is called radiophotoluminescence (RPL).
When the glass is exposed to ionizing radiation, electron-hole pairs are produced. The
electrons are captured into Ag* ions in the glass structure and then, the Ag* ions change
to Ag’. On the other hand, the holes are captured by PO, tetrahedrons at the beginning
of the migration and then the holes produce Ag?* ions owing to their interaction with Ag*
ions with the passing of time. It has been reported that both Ag’ and Ag?* ions can be
the center of luminescence in phosphate glass.® As RPL intensity is proportional to the
amount of irradiation, Ag*-doped phosphate glass can be applied to individual monitoring
of ionizing radiation. Moreover, the center of luminescence will never disappear unless
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glasses are annealed at a high temperature of about 400°C. This results in some excellent
features such as repeatable measurement and small dispersions among samples.

A direct ion storage (DIS) dosimeter® used for environmental background radiation
monitoring in this study as one of other types of dosimeter is composed of a metal-
oxide-semiconductor field effect transistor (MOSFET) with an ionizing chamber.®) The
DIS dosimeter was supplied by RADOS Technology, Finland via Nagase-Landauer Co.,
Ltd. The basic principle of DIS is as follows: a nonvolatile solid-state memory cell is
stored in the form of an electric charge trapped on the floating gate of a MOSFET in
an air or gas space surrounded by a conductive wall. The DIS dosimeter is based on
an analog electrically erasable programmable read only memory (Analog-EEPROM).
The DIS responds to X-, y-, and B-rays and neutrons. This dosimeter has an excellent
energy characteristic and can be read repeatably without the quenching of data. The DIS
dosimeter can, therefore, detect a radiation dose within the wide range from 1 puSv to 40
Sv.

An optically stimulated luminescence (OSL) dosimeter,® the so-called Luxel badge,
is made of a carbon-doped a-Al,O; (Al,05:C) phosphor, supplied by Nagase Landauer
Co., Ltd. Electrons excited by ionizing radiation are trapped by lattice defects in the
phosphor, where the phenomenon is proportional to exposure dose. The phosphor emits
a light (wavelength: 420 nm) with an intensity proportional to the exposure dose under
optical stimulation with a wavelength of 523 nm.

2.2 Experimental procedure

The personal GDs such as GD-450 and SC-1 as well as DIS and Luxel badge were
set at 7 points in Ishikawa prefecture, as shown in Fig. 1. Each of the seven points
where the monitoring was carried out, is represented by an alphabet from A to G
(point A, inside of a common living house in Tsurugi-machi; point B, inside of Lower
Level Radiation Laboratory in Kanazawa University at Tatunokuchi-machi; point C,
inside of a house in Mt. Shishiku; point D, outside of a house in Mt. Shishiku; point
E, inside of Ogoya Mines; point F, outside of Ogoya Mines; and point G, rooftop of
Ishikawa Prefecture Institute of Public Health and Environmental Science) in Ishikawa
prefecture. Photographs of the points where the dosimeters were set up are shown in
Fig. 2. Data were obtained monthly. The accumulated monthly data were divided into
daily data multiplied by 30 days. Each data point was compensated appropriately with
each formula for the dosimeters.®) Data that were obtained at the same point were
averaged and standard deviations were calculated. The data obtained using GD-450 were
compared with those obtained using the other dosimeters.

3. Results and Discussion

Typical RPL emission and excitation spectra obtained using the X-ray-irradiated
GD-450 dosimeter are shown in Fig. 3. It can be seen that the RPL emission spectrum
consists of two emission bands at about 2.70 eV (460 nm) and 2.21 eV (560 nm). It can
also be seen that there are two excitation bands at about 3.94 eV (315 nm) and 3.44 eV
(360 nm) in the near-ultraviolet wavelength region. From the viewpoint of individual
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Fig. 1. Map of 7 points, namely, point A, Tsurugi-machi (#); point B, inside of Lower Level
Radiation Laboratory in Kanazawa University at Tatunokuchi-machi (®); point C, inside of house
in Mt. Shishiku (A ); point D, outside of house in Mt. Shishiku (M); point E, inside of Ogoya Mines (0);
point F, outside of Ogoya Mines (<{); and point G, rooftop of Ishikawa Prefecture Institute of
Public Health and Environmental Science (O) in Ishikawa prefecture, in which environmental
background radiation dose was measured using GD, DIS and Luxel badge.

and environmental monitoring of ionizing radiation, it was confirmed that RPL intensity
almost linearly increased with X-ray absorption dose up to 5 Gy.®

Figure 4 shows photographs of the GD-450 dosimeter with and without X-ray
irradiation. It can be seen that the GD-450 dosimeter, which was dark brown, exhibited
an intense orange-blue fluorescence following X-ray irradiation.

Although natural background radiation doses measured with the GD-450 dosimeter
at each point in Ishikawa prefecture were significantly different, the standard deviations
were very small. Consequently, one can say that the GD-450 dosimeter can be suitable
for monitoring environmental natural background radiation. Although the values were
slightly different between GD-450 and Luxel badge, the tendencies of environmental
radiation dose at each point were very similar, as shown in Fig. 5. The higher dose at
point B (Tatsunokuchi) than at other points is due to the use of radioisotopes at the Lower
Level Radiation Laboratory in Kanazawa University. It has been reported that the Luxel
badge dosimeter based on the OSL phenomenon exhibits an excellent linearity in the
dose range from 5x107¢ to 50 Gy;? the study of the mechanism of OSL in carbon-doped
a-ALO; phosphor is now underway.® The results described above mean that GD-450 is
very suitable for investigating environmental background radiation at low doses.
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Fig. 2. Photographs of 6 points, namely, (a) point B, (b) point C, (c) point D, (d) point E, (e) point
Fand (f) point G in Ishikawa prefecture, where the dosimeters were set up.
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Fig. 3. Typical RPL emission and excitation spectra of Ag*-doped phosphate glass after X-ray
irradiation.

Fig. 4. Photograph of GD-450, with (upper) and without (lower) X-ray irradiation. Intense
orange RPL was observed in X-ray irradiated GD.

Moreover, the values of the GD-450 and the DIS dosimeters were very close and
there was no significant difference between them as shown in Fig. 6. Fuchs et al.
reported new data on DIS,® and they proved the adequacy of the DIS dosimeter for long-
term personal dosimetry. In their study, they examined the long-term linear response
behavior, calibration and readout accuracy with large samples of DIS dosimeters used,
especially in the low-dose region. Vanhavere and Covens also indicated that DIS has
a clear advantage in personal dosimetry.(!? Although the DIS dosimeter has not been
reported as an environmental background monitoring dosimeter up to now, it will be very
useful for monitoring environmental radiation, as well as the GD-450 dosimeter.
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Fig. 5. Dose response at each point in Ishikawa prefecture (A: Tsurugi-machi, B: Tatsunokuchi, C:
Inside of house of Mt. Shishiku, D: Outside of Mt. shishiku, E: Inside of Ogoya Mines, F: Outside
of Ogoya Mines, G: Public health and Environmental Science) obtained using GD-450 (shaded
bars) or Luxel badge (white bars) dosimeters.
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Fig. 6. Dose response at each point in Ishikawa prefecture (A: Tsurugi-machi, B: Tatsunokuchi, C:
Inside of house of Mt. Shishiku, D: Outside of Mt. shishiku, E: Inside of Ogoya Mines, F: Outside
of Ogoya Mines, G: Public health and Environmental Science) determined using GD-450 (shaded
bars) or DIS (white bars) dosimeters. There is no data at G for DIS.

The units are not suitable for comparison between the GD-450 and SC-1 dosimeters,
as the increasing and decreasing rates are very similar, as shown in Fig. 7. We
carried out the ANOVA of each value at every point after adjusting the average value.
Consequently, we found that there is no significant difference at each point. Monitoring
natural background radiation dose with a personal GD-450 dosimeter seems to be
feasible.
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Fig. 7. Dose response at each point in Ishikawa prefecture (A: Tsurugi-machi, B: Tatsunokuchi, C:
Inside of house of Mt. Shishiku, D: Outside of Mt. shishiku, E: Inside of Ogoya Mines, F: Outside
of Ogoya Mines, G: Public health and Environmental Science) determined using GD-450 (shaded
bars) or SC-1 (gray line) dosimeters. The units of GD-45 and SC-1 are mSv and mGy, respectively.

Previously, basic characteristic data obtained using GD were investigated by Asahi
Techno Glass Co., Ltd.'") The relationship between radiation dose and dose response
showed a very suitable linearity. This indicates that GD is an appropriate dosimeter for
monitoring natural environmental background radiation at very low doses.

In addition, we evaluated the relationship between the dose obtained using the
GD-450 dosimeter at each point and rainfall. However, we found that there was
no relationship because the correlation coefficient was very low (data not shown).
Therefore, we can use GD-450 as a suitable monitoring dosimeter for evaluating natural
environmental background radiation dose without any effect of rainfall. It is a future
work to evaluate the relationships between dose change tendencies per month measured
using GD and other effects such as temperature and thunder on mountains.

4. Conclusions

The environmental natural background radiation doses at 7 points in Ishikawa
prefecture, determined using the personal GD type GD-450, were compared with those
determined using other dosimeters such as DIS based on a MOSFET with an ionization
chamber and Luxel badge based on the OSL phenomenon in ALO;:C phosphor. The
actual doses were different from each other; however, the tendencies of each dose at each
point were very similar. It can be said that the personal glass dosimeter, GD-450 will be
very useful for monitoring not only personal dose but also natural background radiation
dose.
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