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Transfer factor (TF) is a method to assess radionuclides transport from soil to plant
compartments. In this study, 11 sites were selected from paddy fields in Taiwan. The
radionuclide activities of 2°Ra, 222Th, “°K, and *’Cs were successfully measured via
gamma-ray spectrometry on irrigation water, rice plant compartments (root, stem, leaf,
and un-hulled grain) and on corresponding soil samples before and after rice plantation.
The activity of irrigation water only detected *°K that ranged from 0.34 — 6.62 Bg/L
with mean 3.34£1.66 Bg/L. In total, 66 soil samples were detected and the activity
concentrations were 591+134, 45.4+10.2, and 30.9+6.6 Bg/kg for 4°K, 22Th, and ?*°Ra,
respectively. Activity of “°K was higher than world average activity 420 Bg/kg, but
activities of 22Th and ??°Ra were similar to world average 45 and 32 Bg/kg, respectively.
In 2 sites 6 samples was detected *'Cs with activity concentration 5.57+1.29 Bg/kg and
the activity concentration was comparable to uncontaminated sites. The activity
concentration of each soil radionuclide was insignificantly different before and after
rice planation. In addition, 4°K, 22Th, and #?°Ra had positive correlation each other for
before and after planation that suggested short term farm operation did not altered soil
nuclide activity. In rice plant, the °K activities were 238+59, 368+226, 404+1996,
99+12 Bg/kg for root, stem, leaf, and un-hulled grain, respectively. While 22Th
activities were 12.6+3.9, 0.79+0.23, 3.83+2.91, 0.43+0.12 Bqg/kg, ?*°Ra activities were
10.7+2.9, 0.94+0.60, 4.43+4.22, 0.49+0.09 Bg/kg, respectively. The activities for 13’Cs
were 1.67-1.86, 0.072-0.128, 0.10-0.31 Bqg/kg for root, stem, and grain, respectively. A
major fraction, 76-86% of the total 2°Ra, *2Th, and **'Cs activities were concentrated
in the roots, whereas only 1.1 to 10.0% were distributed in the grain. “°K activity
distributions in rice plant were 23%, 32%, 35%, and 10% for root, stem, leaf, and un-
hulled grain, respectively. Rice soil-to-grain TFs were observed in the ranges of (1.21-
2.86)x10 7 for 4°K, (0.07-0.11)x10* for 232Th, (0.11-0.29)x10* for 2*Ra, and (0.16-
0.61)x10  for 13’Cs. Results showed that the selected radionuclide distributions in rice
are dependent on rice compartment type and radionuclides species. TF values for “°K
and ??Ra had significantly negative correlation with soil “°K and 2%Ra activities,
respectively (“°K r=0.92, p<0.001, n=11; ?®Ra r=0.976, p=0.024, n=4). This study also
investigated natural gamma emitting radionuclides *°K, #2Th, and ?*Ra of rice
consumption in Taiwan. Thirty rice samples were collected from local markets
including 24 local rice and 6 imported rice. Radionuclide activities were 24.05+10.21,
1.004£0.28, and 1.15+0.25 Ba/kg for “°K, #2Th, and ?*Ra for the total rice samples.
Activity of each radionuclide was insignificantly different for local and imported
samples (p=0.20-0.93). Annual effective doses from rice consumption were estimated
to be 6.80+2.89, 10.53+2.97, and 14.74+3.14 uSv/y for “°K, #2Th, and *°Ra,
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respectively, and total effective dose was 17.82+£11.56 uSv/y for the selected
radionuclides. These values were one order of magnitude less than the 290 uSv/year
world average of the ingestion exposure from natural sources. The excess lifetime
cancer risk (ELCR) due to the consumption of detected rice was (5.21+2.21) x 10,
(0.91%0.26) x 10°, and (4.06+0.87) x 10 for 4°K, 2%2Th, and ??°Ra, respectively. The
total ELCR was (7.65+3.35) x 10°, which was one order of magnitude less than the
guideline limit 10°3. The results suggested rice consumption in Taiwan is radiologically
safe for the investigated radionuclides.
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