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Assessment of radiation exposure using dosimetry with teeth

Keiichi Sasaki

Division of advanced prosthetic dentistry, Tohoku University Graduat School
of Dentistry
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radiation, Teeth, Dosimetry, Electron paramagnetic resonance

Abstract

Radioactive strontium (Sr) and cesium (Cs) are known to be
incorporated into teeth during the process of calcification. Substances
incorporated in teeth persist in it until the tooth is deciduated or extracted.
We hypothesized that the levels of radioactive substances in teeth can serve
as an index of internal exposure to radiation. In addition, exposure to
radiation is known to generates stable carbonic radicals in teeth, which
accumulate and remain in the teeth for extremely long periods of time.
Therefore, the levels of these radicals can also serve as an index of external
exposure to radiation. The objective of the current study was to assess both
internal and external radiation exposure using dosimetry with teeth.

In order to assess the feasibility of future studies on this hypothesis, we
have started collecting deciduous teeth from children in the Fukushima area
and in the control area, where the effect of
Fukushima-Daiichi-Nuclear-Power-Plant accident was thought to be
negligible. In addition to collecting human teeth, we have been
simultaneously testing several dosimetric techniques using teeth from
animals (cows, Japanese monkeys, and wild Japanese field mice) caught in
the disaster area in Fukushima. These tests include determination of

35



radioactive Sr and Cs levels, autoradiography with an imaging plate, and
determination of radicals with electron paramagnetic resonance. In this
report, we have discussed the results obtained to date and addressed the
possible problems associated with dosimetry using human teeth.
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Abstract:

In Fukushima Daiichi nuclear power plant accident, there is possibilitiy of radiation
exposure for the habitant who lived near the plant. Especially, exposure for the infant
may be a great concern. When the accident occurred and there after, the environmental
radiation dose could be measured using various radiation detectors. Radiation exposure
dose could be estimated for the people who lived near the plant. In the human body, teeth
are good bio-materials to detect radiation doses using electron spin resonance (ESR).
Radiation exposed dose could be directly estimated by measuring the signal of the CO2-
radical using the teeth. In this study, the limit for the measurement dose was established as
a feasibility study. Using an ESR method, we confirmed that the signal of the CO2- radical
was provided with 200 and 20 mg of hydroxyapatite. The signal strength and radiation dose
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relations showed good straight relations, and it was thought that exposure dose could be
estimated quantitatively by 10 mGy. Using infant deciduous teeth, the CO2- radical signal
strength was detected using the same method. The tooth pulp and dentin was removed
carefully to avoid excess signal for ESR detection. Finally, a clear CO2- radical signal
shift was confirmed by 50 mGy X-ray irradiation. These results suggested that at least 50
mGy exposure dose could be detected by ESR signals for the infant deciduous teeth in
Fukushima Daiichi nuclear power plant accident area using this method.
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Table 1 The types and numbers of rooms where the indoor measurements were collected and the average
shielding factor of every room type.
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+ indicates one standard deviation.
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Table 2 Comparison in the samples of detected surface contamination exceeding detection limit between
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Fig.3 Incident gamma-ray emissions from the upper direction in the rooms with different types of roof.
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Abstract

To estimate the exposure dose for residents after the nuclear accident, the shielding factor, given as the
ratio of the interior to the exterior doses, is essential, as most individuals spend a large portion of their time
indoors. After the Fukushima Daiichi nuclear power plant accident, the Japanese government used 0.4 as
the shielding factor for wood-frame houses to estimate the annual cumulative dose referring to the IAEA
manual, in which the representative shielding factor is 0.4. However, it remains unclear whether this value
is practically appropriate for Japanese wooden houses especially for those in affected areas. We evaluated
the shielding factor was 0.46 based on 522 survey results for 68 detached wooden houses in two evacuation
zones, litate village and Odaka district. This result is slightly higher than the value of 0.4 given in the IAEA
manual. Regarding the representative range of the shielding factor, we recommend the wider range of 0.2
to 0.7 or at least 0.2 to 0.6 rather than 0.2 to 0.5 given in the IAEA manual, which covers only 66.5% of the
data. We found the location of the room within the house and the use of cement roof tiles had the greatest
influence on the shielding factor. We also evaluated the contamination of internal surfaces with a smear
method, as the shielding factor given in the IAEA is appropriate if indoor deposition is negligible.

The indoor deposition (contamination) level was quite different between two evacuation zones. Houses in
Odaka district showed eight times higher level at maximum than those in litate village. We found the
contamination level observed in Odaka district had a significant influence on the shielding factor. The
internal contamination is loose and removable. It should be removed, as it would cause not only external
exposure but also internal exposure. The influence of cement roof tiles and indoor deposition on the
shielding factor would be seen more clearly as the influence of radiation emitted from the soil outdoors

decreases after the decontamination.
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