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Radioactive particles in residual soil after strong acid leaching
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Resuspension processes of Fukushima radioCs: Could fungal spore play a significant role?
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Fig. 1: Temporal trends in atmospheric radioCs concentrations in contaminated

area in Fukushima Prefecture during fall of 2012to spring of 2015 Shaded:
summer season

Fig. 2: Photos of a filter specimen
sampled in summer; optical microscopic
views, and electron microscopic views
The bottom panel shows carbon
distribution (left) and aluminum cne
(right).
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The 2011 off the Pacific coast of Tohoku Earthquake generated large tsunami resulting in serious
damage to the Fukushima Daiichi nuclear power plant (FDNPP). The damage caused radioactive
materials be discharged to the environment. After the discharge, transported radioactive materials
were deposited around east Japan. The radioactive deposition modulated atmospheric electricity such
as the decrease of atmospheric electric field (AEF) for several months. From the ground-based
observations of AEF, detectable modulated area on the ground was estimated only within a few
hundred kilometers from FDNPP. In addition, we estimate the modulated height above the ground by
applying the observed data to a global electric circuit model, so that the modulated height was up
to approximately 1 km, which agrees with aerial radiation monitoring. Therefore, the ground-based
AEF observation might contribute to estimating the vertical profile of radiation.
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In Fukushima Daiichi NPP accident, a lot of radioactive substance was released into a wide range of
Fukushima Prefecture. It is necessary to estimate how long and how much radioactive contaminants
will be discharged from the forest to the rivers and eventually to the sea. In this study, we tried
a new method of prediction caesium (Cs-137). We apply the fractal geometry of the surface of
mountains, thereby estimate the amount of runoff of surface soil with (s-137 attached. It is a
method to calculate z (height) coordinates of arbitrary points. We calculate the height of the
location that we want to know from average of neighborhood points with the white noise. We can
simulate a ridgeline of mountain, which similar to the real mountain. In the study, I used the
midpoint displacement expanded into three dimensions. The universal soil loss erosion (USLE) model
was used to calculate the volume of soil erosion of the simulated ground. And we calculate erosion
of Cs-137 from the soil erosion volume. We compared this data of Cs-137 erosion and erosion of real
ground. We found that our result agrees with the data roughly. So we concluded this method used the
fractal simulation is useful.
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[Introduction]

After the Nuclear Power Plant accident, radioactive contamination of farmland caused contaminated
crop production. It is known that radiocesium (radio Cs; Cs-134 + (Cs-137) behaves similarly to
potassium (K) in the environment; when the concentration of exchangeable K in soil is low, plants
uptake radio (s easily. Because soybeans (Glycine max) require substantial K, soybeans more easily
absorb radio Cs from soil than other crops. Inhibition of absorption of radio Cs using K
fertilization is required for safe crop production.

In this study, we investigated the time-dependent change of radio Cs concentration in soybeans, and
the exchangeable K and radio Cs concentration when changing K fertilizer application rate. This
information may be applied to develop an optimal method for inhibition of radio Cs absorption.
[Materials and Methods]

The study site is located in Fukushima Prefecture. Soybeans were seeded in June and harvested in
October, 2015. Soil samples were collected before seeding and at five-leaf, full flowering, full
seed, and full maturity stage from directly under the plants. Plant samples were also collected at
each of these growth stages. Plant samples were separated into leaves, petiole, stems, pods, and
beans and the growth amount, yield, and radio Cs concentration were measured for each part. The
exchangeable K concentration, radio Cs concentration and exchangeable radio Cs concentration were
also determined.

We conducted an exchangeable K level test and K sustained effect test. The basal fertilizer was
N-P-K = 3-12-0 kg/1@ a in all tests. In the exchangeable K level test, five levels of exchangeable
K were set: no K fertilizer (3 years) and 15, 30, 50, and 70 mg K,0/100 g. The K fertilizer was
applied at seeding. Non-planted plots dressed with the same levels of K fertilizer were also
established. We also investigated the sustained effect of K, in which the concentration of
exchangeable K was set to 70 mg after harvesting in 2014, and no K fertilizer was applied to the
same sections in 2015. All tests were conducted in triplicate.

[Results and Discussions]

The average concentration of radio Cs in soil was 3,391 1240 Bqg/kg at harvest.

In the Exchangeable K level test, there was no major difference in bean yield between exchangeable
K levels. The grain radio Cs concentration and transfer factor from soil to beans (TF) decreased
for applications greater than 30 mg K,0 (relative to no K fertilizer and 15 mg K,0). The highest
exchangeable radio Cs in soil was found before seeding in all treatments. For all treatments, the
exchangeable radio Cs content throughout the year was lower when exchangeable K levels were higher.
The no K fertilization, 15 and 30 mg K,0 plots had higher exchangeable radio (s content than
non-planted plots. This suggests that when soil K,0 content is below 30 mg, soybean planting
increases exchangeable radio Cs in soil.

Because there was sustained K effect of 2013 and 2014, planted plots had different soil K contents
before seeding. However, the exchangeable K concentration was similar in all non-planted plots, and
at levels over 30 mg K,0/100 g, it increased after fertilization to five-leaf. Exchangeable K at
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harvest was comparable between K levels regardless of planting status. Thus, the no K fertilization
and 15 mg K,0/100 g have higher radio Cs concentrations and TF because of a lack of exchangeable K
and an increasing exchangeable radio Cs.

The concentration of grain radio Cs in the K sustained effect test was lower than in the no K
fertilization plots. This suggests that the exchangeable K concentration before seeding was higher,
presumably because sufficient K content had been ensured. But the soil K,0 content decreased with
time-dependent, so there is a risk that radio Cs concentration of grain will increase next
cultivation.
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134Cs and 137Cs, hereafter radiocaesium, were released to the North Pacific Ocean by two major
likely pathways, direct discharge from the TEPCO Fukushima Dai-ichi Nuclear Power Plant (FNPP1)
accident site and atmospheric deposition off Honshu Islands of Japan, east and northeast of the
site. Activities of radiocaesium released by the FNPP1 accident were measured along 165 deg. E in
2011, 2012 and 2015. In this presentation, we present long term behavior of FNPP1 released
radiocaesium in the ocean interior of the North Pacific Ocean based on the observations and model
simulations through 2015. We also discuss about 137Cs profiles observed in 1980 and 2002 in the
same region which derived from atmospheric nuclear weapons tests conducted in late 1950s and early
1960s.

In 2002, the 137Cs profile along 165°E in the North Pacific Ocean is characterized by several
subsurface cores with high 137Cs, including two 137Cs concentration maxima at 20°N, 165°E, one at
250 m and one at 400-500 m depths. The shallower maximum is in the density range of subtropical
mode water (STMW) and the deeper one is in the density range of central mode water (CMW). The main
137Cs cores, therefore, were formed by movements of STMW and CMW in the interior ocean during the
past four decades in 2002. The 137Cs has been transported from subarctic region to subtropics and
tropics as a result of subduction.

In October 2011, 134Cs activity derived from FNPP1 accident showed a maximum of 24.4 +1.77 Bq m-3
at 26 meters depth at 40°N, 165°E and 80 % of 134(Cs inventory existed shallower than 200 meters
depth while 134Cs activity showed a maximum of 9.18 #0.71 Bq m-3 at 301 meters depth at 39°N, 165°E
and only 20 % of 134Cs inventory existed shallower than 200 meters depth in June 2012.

In June 2012, 134Cs activity also showed a maximum at subsurface at 29°N, 165°E. This subsurface
maximum, which was also observed along 149°E, might reflect the southward transport of
FNPP1-derived radiocaesium in association with the formation and subduction of STMW. In June 2012
at 34°N-39°N along 165°E, 134Cs activity showed a maximum at around potential density= 26.3 kg m-3,
which corresponds to CMW. 134Cs activity was higher in CMW than in any of the surrounding waters,
including STMW. These observations indicate that the most effective pathway by which FNPP1-derived
radiocaesium is introduced into the ocean interior on a 1-year time scale is (MW formation and
subduction. In June-July 2015 at 36°N-44°N along 165°E, there are only very week signal of
subduction of FNPP1-derived radiocaesium which means subducted radiocaesium might move eastward
from this region.

F—O—R BEELEIOL. XFF KHAH. EBEE—RESBW
Keywords: radiocaesium, North Pacific Ocean, subduction, Fukushima Dai-ichi Nuclear Power Plant
(FNPP1) accident
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Investigations and simulations are important to understand sediment and radioactive cesium
migration in reservoirs contaminated by the accident at the Fukushima Dai-ichi Nuclear Power Plant.
In the previous study, we presented one- and two-dimensional simulations of sediment and
radioactive cesium migration in the Ogaki Dam reservoir located in the middle reach of the Ukedo
River and found that the reservoir played an important role to delay and buffer the movement of
radioactive cesium in heavy rainfall events and that the buffer effect depended on particle sizes
of suspended sediment and the water level in the reservoir. In this study, to understand the
sensitivity of intensity and duration of flood events to discharges of sediment and radioactive
cesium during flood events, we performed sensitivity analyses by using the FLESCOT code, a
three-dimensional finite volume model developed by the Pacific Northwest National Laboratory. It
considers turbulent water flow and transports of multi-size sediment and radioactive cesium both in
dissolved and particulate forms. The results showed that the discharge proportions depended on
sediment size, event intensity and event duration. The proportions of sediment/"Cs discharges
increase, as event duration is shorter/heavier. The silt component is a main carrier of radioactive
cesium in larger events, while the clay-sorbed and dissolved forms are dominant in smaller events.
In heavier events, resuspention of bed sediment took place.
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