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VARIATION OF RADIOCESIUM CONCENTRATIONS IN CEDAR
POLLEN IN THE OKUTAMA AREA SINCE THE FUKUSHIMA
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Due to releases of radionuclides in the Fukushima Daiichi Nuclear Power Plant Accident, radiocesium (***Cs and *’Cs)
has been incorporated into large varieties of plant species and soil types. There is a possibility that radiocesium taken
into plants is being diffused by pollen. Radiocesium concentrations in cedar pollen have been measured in Ome City,
located in the Okutama area of metropolitan Tokyo, for the past 3 years. In this research, the variation of radiocesium
concentrations was analyzed by comparing data from 2011 to 2014. Air dose rates at 1 m above the ground surface in
Ome City from 2011 to 2014 showed no significant difference. Concentration of '¥’Cs contained in the cedar pollen in
2012 was about half that in 2011. Between 2012 and 2014, the concentration decreased by approximately one fifth, which
was similar to the result of a press release distributed by the Japanese Ministry of Agriculture, Forestry and Fisheries.

INTRODUCTION

In the Fukushima Daiichi Nuclear Power Plant (F1-
NPP) accident, large amounts of artificial radionuclides
such as ®'Xe, ', 'Cs and 'Cs were released to
the environment”. Among them, cesium belongs to the
group of elements known as the alkali metals.
Therefore, radiocesium ('**Cs+'*’Cs) has similar
properties to its congener potassium which plants
require to grow. It is well known that radiocesium is
absorbed by the roots from the soil after deposition,
and specifically in cedar trees, it is known to migrate to
the male flowers of the trees. Furthermore, the
migrated radiocesium is re-distributed in the
environment because of cedar pollen scattering®.
Cedar pollen particles are approximately 30 um in
diameter and they weigh approximately 12 ng, making
them particularly lightweight®. Occasionally, pollen
particles remain airborne for distances of more than
200 km®. Thus, citizens of the metropolitan Tokyo
area may have been internally exposed to radiocesium
by inhaling cedar pollen from trees growing in Tokyo
and nearby prefectures areas, including especially
Fukushima Prefecture. In order to estimate the amount
of internal exposure from cedar pollen, since the
accident in 2011, the Ministry of Agriculture, Forestry
and Fisheries, has been continuously measuring the
concentration of radiocesium contained in male cedar
flowers at the 24 places in Fukushima Prefecture. The
highest radiocesium concentration in Fukushima
Prefecture was 253 kBq kg' that was observed in
Komaru, Namie-Town, Futaba-gun in 2011®. Survey
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results have been published by the Ministry of
Agriculture, Forestry and Fisheries in a press release
announced on February 8, 2012, for Hachioji City and
Nishitama-gun in Tokyo®, but no continuous
radiocesium concentration measurements for cedar
pollen have been carried out in Tokyo.

In this study, variation of the concentration of
radiocesium contained in cedar pollen released from a
cedar forest of Tokyo’s Okutama area were
investigated during the three years of 2011-2014. Ome
City in the Okutama area was selected for collection of
male cedar flowers; it satisfied the conditions of having
extensive cedar tree plantations and having high
deposition (Bq m?) of '**Cs and "*’Cs in the soil, based
on measurement results of airborne monitoring in the
outskirts of Tokyo carried out in September 2011 by
the Ministry of Education, Culture, Sports, Science and
Technology”.

MATERIALS AND METHODS

Well-grown cedar trees with male flowers that were
found in a cedar forest in Ome City (Figure. 1) were
selected for the study and four measurement locations
were set in. At the measurement locations, male cedar
flower parts were collected. Male cedar flowers had
already matured by this period, and become a dormant
state, showed a concentration similar to the pollen to be
scattering. The male flowers were dried in a microwave
oven over 15 minutes, keeping in mind that they were
not to be overheated, then they were ground into a
powder in a mortar. After weighing the ground flowers,
the weighed powder was packed in a U-8 container.
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Figure 1. Map showing Ome City, located in the Okutama
area of Tokyo where measurements were made.

Radioactivity concentration measurements were carried
out for 30000 s using a germanium semiconductor
detector (GMX10P, ORTEC, Oak Ridge, TN, USA).
At the measurement locations where the male cedar
flowers were collected, effective dose rate (uSv h™)
was measured using a Nal(Tl) scintillation
spectrometer (identi FINDER, ICX Technologies, Oak
Ridge, TN) at a height of 1 m from the ground surface.
Air dose rate (nGy h™') was calculated using a dose
coefficient of 0.748 Sv Gy'®. For the measurement
results, the mean value of 10 measurements made for
120 s consecutively at 10 s intervals, excluding the
maximum and minimum values of the 12 obtained data
were adopted.

RESULTS

The variation of the mean measured radioactivity
concentrations of '*Cs and "“’Cs in cedar pollen are
shown in Figure 2. The sum of the radioactivity
concentrations of '**Cs and 'Y'Cs decreased 53%
between December 2011 and December 2012 and the
mean radioactivity concentration of January 2014 was
reduced 78% compared to December 2011.

The variation of the air dose rates (nGy h') at the
locations where the male cedar flowers were collected
is shown in Figure 3. The air dose rate was reduced by
17% between December 2011 and December 2012 and
the air dose rate of January 2014 was reduced 27%
compared with December 2011. No significant
decrease was observed in comparison with the change
in radioactivity concentration of cedar pollen shown in
Figure 2.
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Figure 2. Variation of mean radioactivity of cesium isotopes.
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Figure 3. Variation of mean air dose rate at measurement
locations.

DISCUSSION

Generally, it has been reported that the environmental
half-life in a forest are longer than in farmland, since
radiocesium stays in the soil for a long time, 10 to 100
years”. However, referring to the variation of
radioactivity concentration in cedar pollen measured
from 2011 to 2014 (Figure 2), attenuation was earlier
than would be expected for the physical half-life of
13Cs (2.06 years) and of '*'Cs (30.17 years). Then, the
decay constant of '**Cs+'*'Cs and their environmental
half-live (year) were calculated with Equation (1).

D=D, (exp (-A,0)), T=0.693/1, (1)

In Equation (1), D represents the air absorbed dose rate
(nGy h') due to the artificial radionuclides. D,
represents the primal air absorbed dose rate due to the
long-half-life radionuclides ('**Cs+'*'Cs) 1, represents
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the decay constant. ¢ represents the years elapsed from
the primal date when the radioactive plume from the
F1-NPP arrived at Ome City (March 21,2011%?). As a
result, the decay constant was 0.0016 and the
environmental half-life was 1.16 years. Compared to
the survey results on the variation of radioactivity
concentrations in cedar pollen measured in Namie
Town, that the Forestry Agency announced, the value
was decreased by 64% from 253 kBq kg in 2011 to
90.5 kBq kg™ in 2012, then it declined 77% to 59 kBq
kg' in 2013 from the 2011 value. Calculating the
environmental half-life by Equation (1) showed the
value in Namie Town Fukushima was 1.27 years which
was similar to the value calculated in Ome City. It was
assumed that the reasons why these environmental
half-life terms were similar, that both Tokyo and
Fukushima Prefecture belong to the same climate
region'”, and they have a lot in common in the
vegetation environments of their cedar forests referring
to the locations shown in the press release published
by Forestry Agency, Japan'?.

Figure 3 shows the air dose rates at locations were
cedar pollen was collected; no significant variation was
observed in comparison with the variation of
radioactivity concentrations of cedar pollen. Also,
referring to the air dose rates of a vehicle-borne survey
published on the Extension Site of Distribution Map of
Radiation Dose, etc. measured by Japan Atomic
Energy Agency, Sector of Fukushima Research and
Development”, the values at 1 m high from the ground
surface were below 0.1 pSv h™' at the points and around
the dates we have collected the cedar male flowers.
Cesium belongs in a group known as alkali metals,
easily becomes cation Cs™, losing orbital electron of the
outermost shell, and it is adsorbed to the parts with the
negative charge in the soil. Therefore, cesium landed
on the surface of soil are without being affected by the
rainfall to penetrate deep into the soil, it remains in the
vicinity of the surface layer’?. According to the soil
sampling results of after the F1-NPP accident, in the
Andosol farmlands of the National Institute for Agro-
Environmental Sciences, located in the Tsukuba,
Ibaraki Prefecture it has been reported that, even
though there were rain falls several times before
sampling, most of *’Cs had remained in the surface of
the within soil several cm"?. Thereafter, most of the
radiocesium adsorbed on the soil surface and held in
the soil is strongly bound with clay minerals, and the
amount of radiocesium that leaches from the soil into
rainwater and groundwater decreases with time. Mainly,
plants are absorbing nutrients dissolved in water
through the roots, so the amount of radiocesium that
plants absorb is also decreasing at the same time as the
leached radiocesium is decreasing"?. It was assumed
that, since the amount of radiocesium being absorbed
into the plants leaching into rainwater and groundwater
over time was decreased, the radioactivity

concentration of cedar pollen was significantly reduced
compared with the air dose rate.

Then, from the results above, the exposure dose was
calculated from February to May (120 days) which is
the scattering period of pollen. Radioactivity
concentrations of '*Cs and "“’Cs in the cedar pollen
were: '#Cs, 13.7 Bq kg'; '¥'Cs, 40.6 Bq kg'; the
highest reported cedar pollen number concentration
scattered in the atmosphere of the Kanto region in the
past was 2207 m>"®. Assuming each cedar pollen
particle weights 12 ng, the respective concentrations of
P*Cs and "’Cs included in the cedar pollen scattered
into the atmosphere were 3.63 x 107 Bq m™ and 1.08 x
10° Bq m™. Subsequently, considering the air intake
per day for a healthy adult individual as (22.2 m® d)
the effective dose coefficients were: *'Cs, 0.020 pSv
Bq'; ¥'Cs, 0.039 pSv Bq'. Respective exposure doses
per day of '**Cs and '*’Cs were estimated to be 1.61 x
107 uSv d' and 9.31x107 uSv d'. For this reason, total
exposure dose (**Cs+'*’Cs) received from the pollen
scattering period (120 days) was estimated to be 0.13
nSv per pollen season. Under the same conditions, the
total exposure was calculated as 0.14 uSv by referring
to the highest radioactivity concentration in the cedar
pollen measured in Fukushima Prefecture, and
assuming an adult inhaled: 1.7 x 10* Bq kg of '*Cs
and: 4.2 x 10* Bq kg™ of *'Cs.

Comparing the result measured in Ome City, the
value measured in Fukushima was 1077 times higher.
Radioactivity concentration ("**Cs+'*’Cs) of male cedar
flowers in Ome, Tokyo has decreased year by year.

The environmental half-life obtained in this study
was used to estimate the radiocesium concentration in
the cedar pollen and it would be under the detection
limit (6.67 x 10° Bq kg') within 1.7 years from
September 2015.
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