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Uncertainty in models for leading thyroid equivalent doses from
body surface contamination following a nuclear disaster
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Abstract

Estimation of thyroid dose in a nuclear disaster plays an important role in predicting the occurrence
of thyroid cancer in children. After the Fukushima Daiichi nuclear power station (FDNPS) accident, it was
difficult to directly measure thyroid doses for large numbers of evacuees. A method for estimating thyroid
equivalent doses resulting from inhalation using the count rate of body surface contamination has been
reported since the FDNPS accident. However, many uncertainties exist regarding this method. This report
aims to examine and discuss the factors driving known or unknown uncertainty in this method. The
following steps were taken to generate this model to derive thyroid equivalent doses due to inhalation from
measurement by body surface contamination after the FDNPS accident: 1) probability density distributions
were obtained as the distribution of body surface contamination levels in the affected population for each
evacuation route; 2) a uniform probability density distribution of the deposition velocity of radioactive
materials on the body surface was assumed; 3) the thyroid equivalent doses in the affected population
for each evacuation route were combined and estimated by a two-dimensional Monte Carlo simulation
method. Known uncertainty factors in this model included the radionuclide ratio in the air, the chemical
composition involved in the deposition velocity correction factors, uncertainties related to GM survey
meters, and conversion factors of thyroid equivalent doses. Unknown factors included the uncertainty
of deposition velocity in the body surface contamination under the mix of dry and wet depositions,
the surveyor’s proficiency of the measurements of body surface contamination, individual differences
in natural removal rates, and the time lapse between a contamination exposure and a body surface
examination. These were areas where research had not progressed or where it was difficult to acquire
information on body surface contamination examinations after the FDNPS accident. Future improvements
regarding the unknown uncertainty factors may refine the model for deriving thyroid equivalent doses

from body surface contamination.
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