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The first retrieval of hourly atmospheric radiocesium concentrations during March 12-23, 2011 just after

the Fukushima Daiichi Nuclear Power Plant (FD1NPP) accident was already published by measuring

radionuclides in Suspended Particulate Matter (SPM) on the filter-tapes installed in SPM monitors with

beta-ray attenuation method at 40 sites operated by local governments in the air pollution monitoring

network of eastern Japan (Tsuruta et al., Sci. Rep., 2014). Since then, hourly atmospheric radionuclides in

SPM have been measured at around 100 SPM monitoring stations, and the dataset has been also

published on a website (Oura et al., JNRS., 2015). After that, the used SPM filter-tapes at two SPM

monitoring stations were offerred, which were operated even after the Great East Japan Earthquake and

tsunami on March 11, 2011. One (site F) was located in the Futaba town, about 4 km northwest of the

FD1NPP, and the other (site N) was in the Naraha town, 16 km south of the FD1NPP. At first, we checked

if these SPM monitors were normally operated even after the Great Earthquake and tsunami, or not.

Considering from various points of view, we judged that the SPMs at these sites were properly collected

on the filter-tapes as usual. Then, Cs-134 and Cs-137 in the SPMs were measured by Ge detectors. The

radiation dose rates at the monitoring stations located outside the FD1NPP and FD2NPP by the

Fukushima prefecture, and inside by TEPCO, and the meteorological data by the Japan Meteorological

Agency were also used for further analysis. In this paper, we will briefly introduce new findings from the

hourly Cs-137 concentrations during March 12-23, 2011, which had not been recognized by the previous

analyses. At site F, six peaks of high Cs-137 concentrations (Cs-137>100 Bq m-3) were found on March

12-13, 15-16, and 18-20, 2011. Most of these high radionuclides were transported as plumes/polluted

air masses to the northwest or north, which were already recognized in the previous paper. In addition, at

site N, six peaks of high Cs-137 concentrations were also found on March 15-16, 20-21, 2011. Most of

them were also transported to southern Fukushima and the Tokyo Metropolitan Area. Some of them at

sites F and N, however, were identified as new plumes/polluted air masses. Furthermore, the peak times

of radiation dose rates measured at the monitoring stations located near two SPM sites, were well

correlated with those of Cs-137 concentrations. These findings greatly contribute to understand how

radionuclides were released and transported from the FD1NPP just after the accident. We greatly thank to

the Fukushima prefecture for offering the used filter-tapes at two SPM monitoring stations.

 
Fukushima Daiichi Nuclear Power Plant, Radiocesium, Suspended particulate matter, Air

pollution monitoring network, Time series

 

MAG34-01 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-01 -



Investigation of chemical and physical properties of radioactive

aerosols sampled from SPM tape filters using multiple synchrotron

radiation X-ray analyses

 
*seika onozaki1, Takahiro Ono1, Yushin Iizawa1, Yoshinari Abe1, Izumi Nakai1, Kouji Adachi2,

Yasuhito Igarashi2, Yasuji Oura3, Mitsuru Ebihara3, Takafumi Miyasaka4, Hisashi Nakamura4,

Haruo Tsuruta5, Yuichi Moriguchi 6

 
1. Tokyo University of Science, 2. Meteorological Research Institute, 3. Tokyo Metropolitan University, 4. Research

Center for Advanced Science and Technology, The University of Tokyo, 5. Remote Sensing Technology Center of

Japan, 6. The University of Tokyo

 
Large amounts of radioactive materials were released into the environment after the Fukushima Daiichi

Nuclear Power Plant (FDNPP) accident caused by the Tohoku Earthquake and Tsunami on March 11th

2011. As one form of radioactive material emitted into the atmosphere, Cs-bearing radioactive spherical

microparticle, known as Cs ball, has gathered attention in recent years. The Cs-ball was first found in

aerosols collected at Tsukuba during March 14th and 15th 20111) and identified as a water-insoluble glass

material containing various heavy metals derived from fission products (FPs) of the nuclear fuel2). While

recent investigations suggest the widespread distribution of similar particulate radioactive materials in the

environment such as soils sampled from the Fukushima prefecture3), the distribution of such radioactive

particles in the Kanto region including the capital Tokyo just after the accident is still unclear. The present

study thus focuses on suspended particulate matter (SPM) filter samples collected by operational air

pollution monitoring stations4). Radioactive aerosols were sampled from the filters collected at several

stations during March 15th 2011 to investigate their chemical and physical properties in the

nondestructive manner. The synchrotron radiation (SR)-X-ray microbeam of SPring-8 was used as an

analytical probe for chemical composition analysis by X-ray fluorescence analysis (SR-μ-XRF), chemical

state analysis by X-ray absorption near edge structure analysis (SR-μ-XANES) and crystal structure

analysis by X-ray diffraction (SR-μ-XRD). 

All particles sampled from the SPM filters in the present study have similar physical properties: a spherical

shape and ~1 μm of diameter. Based on 134Cs/137Cs ratios (~1.0) of individual particles, it is expected

these particles were emitted from the reactor No.2 or 3 of the FDNPP. These properties are similar to

those of Cs-balls reported in previous studies1,2) except for their sizes (Cs-ball: ~2 μm in diameter).

Various heavy elements (Rb, Mo, Sn, Sb, Te, Cs, Ba etc.) possibly derived from FPs were commonly

detected from all these particles by the SR-μ-XRF. In addition, it was revealed that some particles contain

trace amount of U. While we examined chemical states of four metal elements (Fe, Zn, Mo and Sn)

contained in these particles by the SR-μ-XANES, all analytical results indicated that these elements exist

as a glass state with high oxidation states in these particle. Results of the SR-μ-XRD also verified that

these particles are amorphous materials. Because of these obvious similarities of chemical and physical

properties between radioactive particles sampled from the SPM filters collected at the Kanto region and

the Cs-balls, we thus concluded that particulate radioactive materials equated with the Cs-ball passed

through the Kanto region on March 15th 2011. At the same time, our analytical results demonstrated the

U possibly originated from the fuel certainly arrived to the Kanto region just after the accident. 

Acknowledgments: We thank to all local governments for allowing us to investigate the SPM filter samples. 

1) K. Adachi et al.: Sci. Rep. 3, 2554 (2013). 

2) Y. Abe et al.: Anal. Chem. 86, 8521 (2014). 

3) Y. Satou et al.: Anthropocene 14, 71 (2016). 

MAG34-02 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-02 -



Keywords:

4) H. Tsuruta et al.: Sci. Rep. 4, 6717 (2014).

 
Fukushima Daiichi Nuclear Power Plant accident, radioactive material, Synchrotron radiation

X-ray analysis, aerosol

 

MAG34-02 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-02 -



Keywords:

Unsteady source term estimation of the Fukushima dai-ichi release

using contributed radiological measurements

 
*Carolynne Hultquist1, Guido Cervone1

 
1. Geoinformatics and Earth Observation Laboratory and the Institute for CyberScience, Pennsylvania State University

Main Campus

 
A new methodology is presented for reconstructing the unsteady release rate of an atmospheric nuclear

release using a Lagrangian atmospheric transport and dispersion (T&D) model, contributed concentration

measurements, and stochastic search techniques. The methodology was applied to the reconstruction of

the 2011 Fukushima nuclear release using an atmospheric T&D model and contributed radiation data

from the Safecast citizen science project. 

First, the Safecast contributed measurements were compared to official aerial surveys completed by the

Department of Energy (DOE) and the National Nuclear Security Administration (NNSA) in 2011. It is

shown that the Safecast data provides a reliable spatial estimation of radiation concentration when

compared to official data. 

Then a T&D model is run to simulate the nuclear release using high resolution terrain and meteorological

data. The model simulates multiple sequential releases with a constant rate. The model values are

decayed to the dates for which Safecast data are present, and an error is then computed between the

observed and simulated concentrations. A statistical process is performed to find scalar multipliers that

minimize the error between observed and simulated values. 

The outcome of the optimization is the non-steady release rate concentration for the Fukushima nuclear

release over land. This is because the release rate is estimated for primarily land-based data so the

estimation does not include consideration for the plume of radiation that spread over the ocean.

Environmental concerns and human impacts can be better addressed with long-term monitoring that

confirms the prediction of models representing dynamic behavior of radionuclides dispersed in the

environment.
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.Radionuclides emitted in the Fukushima dai-ichi nuclear power plant (FNDPP) accident in March 2011

have been deposited on the soil, ocean and vegetation. Re-suspension of radioactive cesium from the soil

and vegetation to the atmosphere may be one of significant path in the diffusion of radionuclides after the

accident. 

We have measured the concentration of atmospheric Cs-134/137 radioactivity at Namie, Fukushima,

where deposition amount of Cs-134/137 is relatively high. Atmospheric suspended particles have been

collected on a sheet of quartz fiber filter with high-volume air samplers mounted at a playground site and

forest site, and gamma-ray emission from them were measured with Ge detector to obtain the

atmospheric activity concentration of Cs-134/137. A small part of each filter was used to measure

chemical composition and microscope particle observation. 

The atmospheric Cs radioactivity concentration increased from late May to September, summer and

autumn. It was higher in the forest than that at the playground in these season. The measured

concentration of atmospheric Cs-134/137 was positively correlated with amount of carbonatious

particles in these seasons. Bioaerosol sampling and analyses showed that major coarse particles in these

seasons were spores of fungi and stain. We counted the spores collected on the sample filters to evaluate

their number density, and found the number density was positively correlated with the atmospheric Cs

radioactivity concentration. We collected fungi at Namie to sample its spores. About half of Cs-137 in the

spores was removed by pure water, being consistent with similar experiment for the atmospheric particle

samples. These results indicated that spore emission from fungi significantly contributes to the

resuspension of radioactive Cs to the atmosphere in summer and autumn. However, Cs-137 radioactivity

in the collected spores may be too small in comparison with atmospheric Cs activity concentration by

considering atmospheric spore particle concentration. Other process may contribute to the

re-suspension.
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After the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in March 2011, atmospheric

simulation models played important roles in understanding the atmospheric behaviors of radionuclides.

For the evaluation of the validity and variability of model results, model inter-comparison provides

valuable and useful information. In this study, we compared results of seven atmospheric transport

models to simulate atmospheric 137Cs released from the FDNPP. All of model results used in this analysis

were submitted for the model inter-comparison project of Science Council of Japan (2014). Model

reproducibility was assessed from comparison with the observed hourly atmospheric concentrations of 137

Cs at 90 sites in Tohoku and Kanto regions (Tsuruta et al., 2014). 

Tsuruta et al. (2014) identified 9 plumes (P1 –P9) which passed over Tohoku and/or Kanto regions. P1,

P5 and P6 passed through the northern coastal area of Fukushima prefecture to the Pacific Ocean from

FDAPP in the night of March 13, morning of 18th and afternoon of 19th, respectively. P2, P4, P7 and P9

reached Kanto region in the morning of 15th, morning of 16th, afternoon of 20th and morning of 21st,

respectively. P3 and P8 widely spread over Fukushima prefecture in the afternoon of 15th and night of

20th, respectively. 

On average, performance of the models was the best for P2 with FA2 (fraction of simulated data that

reproduced the observations within a factor of 2) of 10% ~ 40%. Model performance for P1, P3 and P8

was moderate with FA2 of 0%~10%. The models generally reproduced the observed 137Cs concentrations

in plumes which widely spread inland of Tohoku or Kanto regions (P2, P3, and P8). By contrast, the

models largely underestimated the observed 137Cs concentrations for P4, P5, and P6, which passed

coastal areas of Japan. 

Ensemble average of seven models showed reasonable performance for most of plumes, and no individual

models reproduced better that the ensemble average for all the plumes. These results suggest that

ensemble average is effective for reliable and stable simulation of radioactive plumes. 

 

References 

Science Council of Japan, September 2, 2014. 

Tsuruta et al., Scientific Reports, 4:6717, 2014. 

 

Fig. (top) Observed and simulated average concentrations of 137Cs in nine radioactive plumes ([Observed-
137Cs] 10 Bq m-3). (bottom) Fraction of simulated data that reproduced the observations within a factor of

2, 5, and 10 (FA2, FA5, FA10, respectively).
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Since March 2011, there have been various efforts made by the government, local communities, private

companies, researchers and local residents in order to measure radiation exposed to the environment

from the Fukushima Dai-ichi reactor. A part of the measured data has been compiled and open for the

public. But most of the data have not been yet compiled, and even their locations are not well known to

others. From this point of view, we have developed meta-database system which compiles all the

meta-data information for the existing radiation monitoring data. With this system one can find data

location sorted by meta-data keys such as observables, location and date of measurement and so on. We

will report status of this meta-database system and discuss future prospects.
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[Introduction] A large-scale soil sampling project for radionuclides from the Fukushima Dai-ichi Nuclear

Power Plant accident was conducted in June 2011 by a research group including the Japan Geoscience

Union (JpGU) and the Japan Society of Nuclear and Radiochemical Sciences (JNRS). New research project

following the 2011 project was also implemented by JpGU-JNRS team with the objective to know the

transition process of radioactive cesium in soil and the current contamination in 2016 when five years

passed since the accident. 

In this report, the outline of the project will be presented. We will also present some preliminary results of

the inventory of 134Cs and 137Cs in the soil, comparing 2011 and 2016. More detailed results wll be

presented in another report. 

 

[Sampling and Measurement] Between June and September 2016, 176 researcher of total had worked to

measure the air dose rate and collect soil samples at 105 locations near the Fukushima Dai-ichi nuclear

power plant, mainly on the difficult-to-return zone, for 9 days in total. Surface soil was sampled at 5 points

per one location as well as air dose rate at 5 cm and 1 m from the ground surface. The sample from

depths of 5 cm was divided into two parts of 0 - 2.5 cm depth and 2.5 - 5 cm depth, filled in a U-8

container after drying. Radiocesium was quantified using gamma ray spectrometry with Ge detectors. To

understand the transion of radiocesium in soil, 30-cm depth soil core samples were obtained at about 1/4

of all locations.
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[Introduction] A large-scale soil sampling project for radionuclides from the Fukushima Daiichi Nuclear

Power Plant accident was conducted in June 2011 by a research group on the Japan Geoscience Union

and the Japan Society of Nuclear and Radiochemical Sciences. New research project followed by was

implemented with the objective to know the transition process of radioactivity and the current

contamination in 2016 when five years passed since the accident. 

Between June and September 2016, 176 researcher of total were work to measure the air dose rate and

collect soil samples at 105 locations near the Fukushima Dai-ichi nuclear power plant, mainly on the

difficult-to-return zone, for 9 days in total. The outline of the project will be reported in another

presentation. In this report, we will present the results of the inventory of 134Cs and 137Cs in the soil, the

degree of destribution, the ratio of 134Cs/137Cs concentration, and the correlation with the air dose rate. 

[Sample and Measurement] Surface soil of 5 samples per one location was collected from 36 public

facilities in the difficult-to-return area of Futaba-machi or Okuma-machi in Fukushima Prefecture in June

and July 2016. The sample from depths of 5 cm was divided into two parts of 0 - 2.5 cm depth and 2.5 - 5

cm depth, filled in a U-8 container after drying. Radiocesium was quantified using gamma ray

spectrometry with Ge detectors. 

[Results and Discussion] The results are shown in Fig.1 The maximum 137Cs concentration was 68400

kBq/m2 in inventory and 1180 kBq/kg(dry) in specific activity. The inventory clearly correlated with the air

dose rate. There was large difference in soil distribution degree (the ratio of radioactivity of 2.5 - 5.0 cm

and 0 - 2.5 cm in depth) for each sample, and the values were almost less than 1. Moreover, it was found

that there are points where the concentration ratio of 134Cs /137Cs clearly has a low value of 0.87 - 0.93 in

the north-north-west direction from the nuclear power plant.
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Despite its affinity for binding to soil, radiocesium gradually migrates deeper into the ground over time.

This results in a faster rate of reduction of air dose rates than would be expected by radioactive decay.

Field measurements of the activity profile of radiocesium with depth in soil generally show

exponential-shapes, which are often followed by a long tail at large depths. The vertical migration of

radiocesium in soil has been successfully reproduced with the modified Diffusion-Sorption-Fixation

(mDSF) model, which is based on an advection-dispersion equation coupled with kinetic models of

reversible/irreversible sorption. Using radiation transport methods, this study calculated the trajectory of

air dose rates over time given the evolution in the depth profile predicted by the model. The results

indicate a faster reduction in dose rates than the rate of radioactive decay in the first ten years following

fallout, as there is a gradual migration of radiocesium in soil over this period. The rate of reduction of dose

rates over the following years is then set by the rate of radioactive decay alone as the majority of the

radiocesium has become fixed to the soil matrix.
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We investigated the transfer of canopy-intercepted radiocesium to the forest floor during 6 years following

the Fukushima Daiichi Nuclear Power Plant accident. The cesium-137 (Cs-137) contents in throughfall,

stemflow, and litterfall were monitored in two coniferous stands (plantation of Japanese cedar) and a

mixed deciduous broad-leaved forest stand (Japanese oak with red pine). Temporal changes of

radiocesium deposition flux onto forest floor have been determined based on the analysis of radiocesium

concentration in collected samples. We also measured the ambient dose rate (ADR) at different heights in

the forest using a survey meter and a portable Ge gamma-ray detector. The ambient dose rate in forest

exhibited height dependency and its vertical distribution varied with forest type and stand age. The

ambient dose rate showed an exponential decrease with time for all the forest sites, however the

decreasing trend differed depending on the height of dose measurement and forest type. The ambient

dose rate at the canopy (approx. 10 m-height) decreased faster than that expected from physical decay of

the two radiocesium isotopes, whereas those at the forest floor varied between the three forest stands.

Our monitoring results suggested that the ambient dose rate in forest environment varied both spatially

and temporally reflecting the transfer of radiocesium from canopy to forest floor. In addition to that, the

measured ambient dose rate within forest showed different decreasing trend between initial 4 years

(2011-2014) and the following 2 years (2014-2016). The results of our monitoring experiment suggested

that understanding the mechanism of radiocesium transfer and spatio-temporal evolution of radiocesium

distribution in forest must be essential for predicting long-term trend of ambient dose rate in forest

environment.
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To mitigate radiological risks to residents in Fukushima, decontamination, such as removal of

contaminated surface soil and covering contaminated soils with clean soil (i.e., soil dressing), has been

conducted in areas of heavy radiological contamination. Although removing and concealing radioactive

materials are expected to reduce ambient dose rates, such anthropogenic alteration of soil may result in

changes to the hydrological responses and sediment dynamics of the area under the decontamination.

Few studies have investigated the dynamics of sediment and 137Cs associated with decontamination

efforts. Our research studies the release of sediments and 137Cs from decontaminated lands to elucidate

the influence of decontamination. Soil erosion plots were installed on four contaminated land use types

(uncultivated farmland, cultivated farmland, grassland, forest) and two decontaminated land use types

(uncultivated farmland, cultivated farmland) to observe sediment discharge and 137Cs wash-off. The 137Cs

activity concentration of eroded sediments from decontaminated lands were approximately 10 times

lower than those from contaminated lands. The amount of sediment eroded from the decontaminated

farmland was comparable to those from contaminated farmlands, but higher than those from

contaminated grassland and forest. 137Cs wash-off rates on decontaminated lands were lower than those

on contaminated farmlands and higher than those on grassland and forest. These results suggest that

decontamination results in a decrease of 137Cs wash-off on erodible agricultural lands and increase

relative to less erodible lands (grasslands and forests). Surface runoff coefficients and contribution of fine

sediment to discharges of both sediment and 137Cs were lower on decontaminated farmlands than those

on contaminated farmlands. One possible explanation is that high permeability of decontaminated land

resulted in inactive discharge of fine sediment. Elucidation of soil erosion processes on decontaminated

lands based on investigation of its soil physical properties, such as permeability and particle size

distribution, are required to better understand the influence of the decontamination.
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The Fukushima Daiichi Nuclear Power Plant accident has released massive amount of radiocesium into

the terrestrial environment, and the radiocecium have been transferred through terrestrial hydrological

pathways in the last 5 years. The 137Cs attached fine particle of soil has been by washing off by erosion,

then transported by river in which particulate (suspended) materials, play the 90-99% of the transported

materials in Japanese rivers. 

In the Chernobyl affected area, land use has been found to be affected the cleanup of the contaminated

terrestrial environment , but precipitation and the land use is quite different affected by the radionuclides

by FDNPP accident. Here we show the results by intensive field monitoring campaign, started in June,

2011, 3 months after the accident, monitoring 30 river stations for detailed monitoring of activity

concentration of radiocesium in suspended sediment and their flux flown through the river. 

Total 13 TBq of Cs have been transported to ocean from Abukuma river, this corresponds to 2.5 % of the

total fallout from July 2011 to August 2015. Analysis of the riverine transport by upstream landuse reveals

that higher percentage of Paddy field having largest rate of decline and also the highest flux, but the forest

area showing lowest decline and smallest flux flowing downstream. The entrainment coefficient of

dissolved water is quite low; due to high initial decrease by active landuses, combining with high flux,

typically 1 order lower than the lower end by the report of Chernobyl affected area, suggesting the rapid

recovery of Fukushima contamination. We also analyze the effect of decontamination works on the activity

and flux of the suspended sediment in the rivers.
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Introduction: The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident occurred on 11th March 2011

and a lot of radionuclides were emitted into the environment from the reactors (Yoshida and Takahashi,

2012). About 1.3×1016 Bq of Cesium-137 (Cs-137) was deposited to the ground by dry and wet

depositions (Chino et al., 2011). According to Konoplev et al. (2016), solid-liquid distribution coefficient K

d values in Fukushima rivers are by 1-2 orders of magnitude higher than those in Chernobyl and it is

possibly because the presence of Cs-bearing microparticles and higher Radiocecium Interception

Potential (RIP) values of soils in Fukushima than those in Chernobyl. Cesium-bearing microparticle is a

glassy, water-insoluble particle (Adachi et al., 2013). Cesium and many other elements from the reactor

were found in the microparticles (Abe et al., 2014). The calculation of isotope ratio of Cs shows that the

particles are from unit 2 or 3 (Nishihara et al., 2012). In this paper, the microparticles in suspended

particles on the filters in river waters will be shown, focusing on the effect of the microparticles to the Kd

values in the rivers. If there are the microparticles on the filter, apparent Kd value will be higher than

intrinsic Kd value related to the adsorption-desorption reaction to the clay minerals. 

 

Method: Suspended particles (3-63 μm) were collected from some rivers in Fukushima Prefecture by

filtering water (60-90 L) in 2014 - 2016. After the filters were dried, total radioactivity of Cs-137 on the

filters was measured by high purity Germanium semiconductor detector (HPGe). Planar distribution of

radiation of filter was measured by autoradiography with Imaging Plates (IPs). After microparticle with high

radioactivity was found on the filter, it was separated from other particles by water and NaI scintillation

counter. Our method can separate microparticles more quickly and efficiently than previous methods

(Adachi et al., 2013). Also, the microparticles can be more readily found by Scanning Electron Microscope

(SEM) without using glue in the separation processes. The microparticles were measured by SEM coupled

with Energy Dispersive x-ray Spectroscopy (EDS) to determine that the particles were similar to the

particles reported in Adachi et al. (2013) etc. In the end, radioactivity of Cs-137 in the microparticle was

measured by HPGe. 

 

Result: Some hot spots were found on filters of Kuchibuto River collected in 2014 and 2015 by

autoradiography. No hot spots were found on the filters from other rivers. The results of SEM-EDS showed

that these hot particles and reported Cs-bearing microparticles were almost similar because they consist

of elements such as Si, Cs, Fe, and Zn. Radioactivities of Cs-137 in the microparticles were about 0.8-3.0

Bq. Their isotope ratios of Cs (Cs-134/Cs-137 around 1.1) showed that the microparticles were from unit

2 or 3 of FDNPP. On filters collected on 3rd May 2014, 30% of Cs-137 on the filters was from the

microparticles, while 46% of Cs-137 on filters was from the microparticles for the samples of 11th

November 2015. If Kd value is calculated using these filters, the value will be overestimated compared

with intrinsic Kd value that assumes adsorption-desorption reactions on clay minerals etc. The filters after

1-3 years from the accident and from different places should be measured successively. These results may

explain the phenomenon that Kd values in rivers in Fukushima are higher than those in Chernobyl. The
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effect of the Cs-bearing microparticles must be considered when Kd values of Cs in Fukushima are

discussed.

 
Fukushima, Cesium, Cesium-bearing particle, nuclear power plant accident, radioactivity,

Solid-liquid distribution
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1, Two major sources terms of radiocaesium to the Ocean from the Fukushima accident and fallout from

atmospheric weapons tests before the accident 

The 137Cs derived from atmospheric weapons test conducted late 1950s and early 1960s and the

inventory in the North Pacific Ocean in 1970 was 290 +- 30 PBq (Aoyama et al., 2006). Some portion of

the 137Cs in the North Pacific Ocean were transported to South Pacific Ocean and Indian Ocean and also

radioactive decay occurred with a half-life of 30.7 years, the 137Cs inventory in the North Pacific Ocean

before the FNPP1 accident decreased to 69 +- 7 PBq as of 2011 (Aoyama et al., 2016). 

There are two major sources of radionuclides to the environment derived by the TEPCO Fukushima

Dai-ichi Nuclear Power Plant (FNPP1) accident in 2011. The largest and earliest source of artificial

radionuclide was atmospheric release from FNPP1, which led to atmospheric deposition on both land and

in the ocean. Atmospheric release peaked mid of March 2011 and total amount of atmospheric release of
137Cs was estimated to be 15.2-20.4 PBq and same amount of 134Cs was also released because activity

ratio of 134Cs vs. 137Cs was almost 1(Aoyama et al., 2016). About 20 % of released radiocaesium fell on

land and 80% of released radiocaesium fell on the ocean. Therefore 11.7-14.8 PBq of 137Cs was injected

in the North Pacific Ocean as atmospheric deposition. 

Second largest source was the direct discharge of contaminated waters to the ocean since 26 March

2011 and peaked on 6 April 2011 based on analysis of 131I vs. 137Cs activity ratio (Tsumune et al., 2012).

Total amount of released 137Cs was estimated to be 3.5 +- 0.7 PBq. A combined input to the North Pacific

Ocean of 137Cs from both atmospheric deposition and direct discharge was therefore estimated to be

15.2 –18.3 PBq.  

2, Three major pathways of FNPP1 derived radiocaesium in the North Pacific Ocean 

The fastest pathway of FNPP1 derived radiocaesium might be surface pathway. FNPP1-derived

radiocaesium injected at north of Kuroshio front by atmospheric deposition and direct discharge spread

eastward in surface water up to 200 meters by the North Pacific Current across the mid-latitude North

Pacific (Aoyama et al., 2016). In 2013 main body of FNPP1 radiocaesium in surface layer was already in

the eastern Pacific. A model simulation (Tsubono et al., 2016) also shows good agreement with the

observed radiocaesium activities in the Pacific Ocean reported by several studies.  

The second pathway is subduction of central mode water (CMW). A maximum of radiocaesium activity in

June/July 2012 was observed at potential densities of 26.1–26.3 at 34 deg. N–39 deg. N, 165 deg. E,

which correspond to 400 meters depth. The density is in a range of density of CMW and radiocaesium

activity was higher than those in the surrounding waters, including STMW. In June-July 2015 and June

2016 at 36°N–44°N along 165°E, there are only very week signal of subduction of FNPP1 radiocaesium.

This means that subducted radiocaesium might move eastward from this region. Before the Fukushima

accident, 137Cs maximum corresponding CMW region was observed, however, it located at 20°N, 165°E

because it was 40 years after subduction (Aoyama et al., 2008). 

The third pathway is subduction of subtropical mode water (STMW). FNPP1-derived radiocaesium

injected at south of Kuroshio front by atmospheric deposition transported to southward rapidly due to

subduction of STMW at potential densities of 25.1–25.3. In 2015 along 165 deg. E, FNPP1 radiocaesium

corresponding STMW spread entire subtropical gyre and a part of them reached 2 deg. N and recirculated

in the subtropical gyre and reached Japanese coast. 
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3, Mass balance of FNPP1 radiocaesium in the North Pacific 

134Cs inventory was estimated to be 8 PBq in surface layer in summer 2012 (Inomata unpublished).

Kaeriyama et al. (2016) estimated that 134Cs inventory in STWM in 2012 was about 4 PBq. We believe

that FNPP1 derived 134Cs injected in the North Pacific was 15.2 - 18.3 PBq. Therefore 134Cs inventory

can be estimated 3-6 PBq in CMW at this moment based on a mass balance of FNPP1 radiocaesium. 

The 137Cs inventory in the North Pacific Ocean before the FNPP1 accident, which was derived mainly from

nuclear weapons testing, was 69 PBq at the end of 2010. Thus, the FNPP1 accident increased the 137Cs

inventory of 15.2 - 18.3 PBq by as much as 22 - 27%.
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After the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident, many data on radioactive cesium (134

Cs and 137Cs) in seawater had been collected and published. Present study summarizes details the

radioactive cesium dispersion pattern in the North Pacific based on observational data obtained by FRA.

Briefly, the Fukushima-derived radioactive cesium dispersed eastward as surface water, and was also

observed via a southward intrusion to subsurface waters as Subtropical Mode Water and Central Mode

Water. The radioactive cesium movement related to mode water is important in terms of the circulation of

cesium into the ocean interior. The concentration of Fukushima-derived radiocesium in Subtropical Mode

Water and water column inventory of 137Cs were gradually decreased between 2012 and 2015. 

The most remarkable temporal changes of Fukushima-derived radioactive cesium off the coast near the

FDNPP site were observed during the first six months of 2011. After that, continuous decreasing trend has

been observed until 2016. Although higher concentrations of radioactive cesium than the background

levels measured before the accident are still detected. Continued monitoring is still necessary.

 
Fukushima Dai-ichi Nuclear Power Plant accident, Radioactive cesium, North Pacific, Mode

water

 

MAG34-15 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MAG34-15 -



Keywords:

Transport of Fukushima-derived radiocesium into the coastal ocean

via submarine groundwater discharge: an approach from geochemical

character of pore water

 
*Shota Kambayashi1, JING ZHANG2, Hisashi Narita3

 
1. Graduate School of Science and Engineer for Education, University of Toyama, 2. Graduate School of Science and

Engineer for Research , University of Toyama, 3. School of Marine Science and Technology, Tokai University

 
Submarine groundwater discharge (SGD) has been recognized as a route of Fukushima-derived

radiocesium (Cs) from land to the ocean tougher with rivers. However, it is difficult to take large volume

SGD samples compared with river water, which can be collected more easily. Therefore, quantitative

evaluation of its impact as a source of Cs has not been carried out. In this study, we analyzed Cs activity

and chemical component in pore water in Matsukawa-ura Lagoon to explore the transport and flux from

land to ocean including SGD. 

The measured 137Cs activity in pore water samples and the overlying water were 1,398 mBq/L and 117.7

mBq/L, respectively. This indicates that a significant amount of Cs in sediment has been desorbed into

pore water. The 137Cs flux between the sediment and overlying water was calculated to be 11.3 mBq/cm2

/h, using Fick’s First Law of diffusion. Moreover, the 137Cs flux from the bottom to overlying water of the

lagoon was estimated to be 0.08 GBq/day based on the weighted average of 137Cs activity in bottom

sediment of the lagoon and the Kd value between the sediment and the pore water. This value accounts

of the majority of 137Cs which supplies the lagoon. Thus, it can be expected that large quantities of Cs

have been supplying the coastal area by pore water exchange, that is to say, recycled SGD (RSGD). In the

coastal area and the open ocean, it is suggested that SGD is vitally important as a source of Cs to assess it.

 
Fukushima-derived radiocesium, Submarine Groundwater discharge, Pore water,
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A series of accidents at the Fukushima Dai-ichi Nuclear Power Plant (1F NPP) following the earthquake

and tsunami of 11 March 2011 resulted in the release of radioactive materials to the ocean by two major

pathways, direct release from the accident site and atmospheric deposition. Additional release pathways

by river input and runoff from 1F NPP site with precipitation and were also effective for coastal zone in the

specific periods before starting direct release on March 26 2011. The activities attributable to the direct

release were observed adjacent to the 1F NPP site. The sea side impermeable wall was closed at 26

October 2015. We estimated the direct release rate of 137Cs, 90Sr and 3H for more than four-and-a-half

years after the accident by the Regional Ocean Model System (ROMS). 

Direct release rate of 137Cs were estimated by comparing simulated results and measured activities

adjacent to the 1F NPP site (adjacent to 5,6 discharge and south discharge). Direct release rate of 137Cs

was estimated to be 2.2 x 1014 Bq/day and decreased exponentially with time to be 3.9 x109 Bq/day by

26 October 2015. Estimated direct release rate have exponentially decreased with constant rate since 4

November 2011. Apparent half-life of direct release rate was estimated to be 346 days. The estimated

total amounts of directly released 137Cs was 3.6±0.7 PBq from 26 March 2011 to 26 October 2015.

Simulated 137Cs activities attributable to direct release were in good agreement with observed activities, a

result that implies the estimated direct release rate was reasonable. Simulated 137Cs activity affected off

coast in the Fukushima prefecture. 
90Sr/137Cs activity ratio of stagnant water was 0.05 in the basement of the 1F NPP reactor 2 turbine

building on 27 March 2011. Direct release rate of 90Sr was estimated to be 1.1 x 1013 Bq/day from 26

March to 6 April 2011 using the activity ratio in stagnant water because the stagnant water released to

the ocean in this period (Tsumune et al., 2012). And the temporal change of direct release rate was

estimated by the measured 90Sr activity adjacent to 1F NPP. Directly release rate decreased exponentially

to 3.9 x 1010 Bq/day by 30 April 2011. The direct release rate was constant and decreased exponentially

from 27 June to 16 December 2013. And the direct release rate was 2.9 x 109 Bq/day by 26 October

2015. The estimated total amounts of directly released 90Sr was 208 ±42 TBq. 
3H/137Cs activity ratio of stagnant water was 8.7 x 10-3 in the basement of the 1F NPP reactor 2 turbine

building on 27 March 2011. Directly release rate of 3H was estimated to be 1.9 x 1012 Bq/day from 26

March to 6 April 2011 and decreased exponentially by 16 April 2011. The rate was decreased

exponentially with constant rate by 26 October 2015. The direct release rate was estimated to be 7.7 x 10
9 Bq/day at 26 October 2015. The estimated total amounts of directly released 3H was 131 ±26 TBq.

 
Fukushima Dai-ichi Nuclear Power Plant accident , regional ocean model, direct release,
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We conducted the ensemble simulation of 137Cs activity in the North Pacific Ocean (NPO) water from

1945 to 2020, before and after the Fukushima Dai-ichi Nuclear Power Plant (1F NPP) accident, because

we used the estimations of 137Cs activity flux, but climatology as physical forcing . Using the Regional

Ocean Model System (ROMS) with high resolution (1/12º-1/4º in horizontal, 45 levels in vertical), of

which domain was the NPO, we preliminarily estimated a factor multiplying the total of 134Cs fluxes, which

have been estimated for the atmospheric deposition and the direct discharge from the accident. The

direct comparison of the observed and calculated 134Cs showed that the total 134Cs Flux was 1.6 times

greater than the previous estimate. We re-calculated the 134Cs activities in the NPO water using the flux

multiplied by 1.6 and confirmed the improvement of the simulation by the multiplied flux, which

suggested that each the 134Cs and 137Cs inventories in the NPO increase by about 16PBq due to the

accident. For the hindcast and forecast of the 137Cs activity in the NPO water, we calculated the 137Cs

activity in the NPO water from 1945 to 2020 by using the global fallout flux due to atmospheric nuclear

weapons’ tests and the Chernobyl accident and the estimated fluxes of the 1F NPP accident. For the

calculation, five ensemble calculations of 137Cs activity were conducted by moving the start period of the

input flux for one year. The 137Cs activity in the surface water showed that the plume due to the 1F NPP

accident with relatively higher activity than 5 Bq m-3was transported to the western area of 135°W in

2015, while the activity of the plume was rather lower than that in 1985. The peak year of the 137Cs

activity can be estimated from the hindcast and forecast. The 137Cs activity in the surface water north of

30°N shows that the peak activity of 137Cs reached 180° in 2011, but in 2012 it moved near 180° and in

2017 moved around 90°W. The total inventory of 137Cs in the NPO increased up to 77 PBq in 2011 and

gradually decreased to 61PBq in 2018 by transport outside of the domain, which is almost the same as

that in Dec. 2010. The whole amount of 137Cs in the subsurface layer (200-600m depth) is larger than that

in the surface layer (0-200m depth) since the 1F NPP accident except 2011.

 
137Cs, North Pacific ocean, eddy-resolving model
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