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One-year, regional-scale simulation of radiocaesium-137 radioactivity in the ocean fol-

lowing the Fukushima Daiichi Nucle
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A series of accidents at the Fukushima Dai-ichi Nuclear Power Plant 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 ar
atmospheric deposition. A 1-year, regional-scale simulatiol@Es activity in the ocean offshore of Fukushima was carried
out, the sources of radioactivity being direct release, atmospheric deposition, and the inflow of 137Cs deposited on the ocean t
atmospheric deposition outside the domain of the model.

The rates of direct release Bf 1, 134Cs, and'3”Cs were estimated for 1 year after the 1F NPP accident by comparing simulated
results and measured activities. The estimated total amount of directly reféaged*Cs, and!'®"Cs by the end of February
2012 were 11.1 PBq, 3.52 PBq, and 3.55 PBq, respectively. Tsumune et al. (2012) previously estimated the total amount to k
3.51 PBq by the end of May 2011. The total amount of directly rele&¥eb activity increased by 0.04 PBq between June 2011
and February 2012. We used an atmospheric transport model with atmospheric release rates to estimate atmospheric deposit
onto the ocean.

We analyzed®'I/137Cs activity ratios to investigate the contributions of each sourcé’@s (Tsumune et al., 2012) and
compared simulated results and measured activities. The fact that simti&@=dactivities attributable to direct release were
in good agreement with measurements suggests that the estimated direct release rates were reasonable. Employment of JCO
instead of HYCOM for nudging improved both the offshore transport result and the reproducibilityGs activities 30 km
offshore. Simulated®”Cs activities attributable to atmospheric deposition were underestimated relative to observations. The rate
of atmospheric deposition onto the ocean was underestimated compared to measurements because of a lack of measurem
of deposition itself when atmospheric deposition rates were estimated. Med3U@dactivities attributable to atmospheric
deposition helped to improve the ability of simulated atmospheric deposition rates to reproduce observations. SithQkted
activities attributable to inflow of3”Cs deposited onto the ocean outside the domain of the model were in good agreement with
measurements in the open ocean in the model domain after June 2012.

Although the contribution of inflow increased with time and was dominant by the end of February 2012, the activity associated
with directly released®”Cs decreased exponentially with time and was present only in the coastal zone by the end of February
2012.

Keywords: Fukushima Daiichi Nuclear Power Plant, Accident, Regional Ocean Model, Radiocaesium, Release amount, Ocea
dilution
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The accident of TEPCO'’s Fukushima Dai-ich Nuclear Power Station (Fukushima NPS) was caused by the 2011 off the Pacifit
coast of Tohoku Earthquake and tsunami on March 11, 2011 and large amount of radioactive material were discharged by tt
hydrogen explosion and leaked from Fukushima NPSs to the ocean. To investigate the transport of radionuclides to the oces
and their dispersion, we conducted two cruises with the R/V Mirai in the western North Pacific about one and three months afte
this accident and measured caesium (Cs-134 and Cs-137) in seawater. During two cruises (from 14 April to 5 May and from 2
June to 3 August, 2011), 20-L seawater in the surface and shallow kay20@ m) were collected along the cruise track with
an underway surface pump and a multiple water-sampling system, analysed by the ammonium phosphomolybdate/Cs compou
method and measured by low back ground gamma spectrometry using Ge detectors.

Cs-137 in surface seawater ranged fren®.002 to 0.284 ane&:0.001 to 0.561 Bqg/kg during April and May and during June
and August, respectively. The radiocaesium could not be detected in seawater of the Kuroshio extension current. Samples fro
stations off Fukushima and off Miyagi had higher Cs-137 (0.11 ™ 0.28 Bg/kg) than those at other stations in April, however,
the highest Cs-137 was observed at JKEO (38.5N, 148.25E) and Cs-134 could be detected in the 200 m depth at JKEO and ¢
Fukushima in June. At S1 (30N, 145E), is located in the south of the Kuroshio current, Cs-134 in the 200 m depth was observe
in April, that was not detected in June. On the other hand, at K2 (47N, 160E), the activities of Cs-134 and Cs-137 were almos
0.01 Bq kg/kg in the surface seawater, and those of Cs-134 were less than the limit of dete@i60Z Bq/L) at the depth of
200 m in both April and June. The obvious variation of these activities were not observed around the observed northern east are
These results suggest that the dispersion of radiocaesium in the marginal area were effected of the atmospheric diffusion and t
leakage of contaminated water, and that in open sea were effected of only the atmospheric diffusion after a half year from th
accident.
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Surface pathway and subduction of Fukushima radioactivity in the North Pacific Ocear
in March 2011 - June 2012
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134Cs and'3"Cs were released to the North Pacific Ocean by two major likely pathways, direct discharge from the Fukushima
NPP1 accident site and atmospheric deposition. High density observatibtt€sfand'3”Cs in the surface water were carried
out at 322 stations by 17 cruises of cargo ships and several research vessel cruises since March 2011 till March 2012. Ma
body of radioactive surface plume of which activity was exceed 10 Bd hrad been travelling along 40 oN, and reached
International Date Line on March 2012. A feature was that the radioactive plume was confined along 40 oN when the plume
reached International Date Line. Although activities'#fCs and'®"Cs in the surface water decreased rapidly, a maximum of
activities of'3*Cs and'3"Cs in seawater at about 300 meters depth was observed at 40 oN 165 oE in June 2012. We can say the
the observed maximum d#*Cs and!3”Cs was formed by subduction in winter 2011/2012 because a density of Central Mode
Water of 26.3 kg m?> corresponded to about 300 meters depth in this region. Water column inventory of 134Cs from surface to
1000 meters depth was 2710 +- 210 Bg#in October 2011 at 40 oN 165 oE and 80 % of water column inventofy4s
existed shallower than 200 meters, however only 20 % of water column inventbtyQg was shallower than 200 meters while
80% was deeper than 200 meters in June 2012 due to subduction in winter 2011/2012.
Keywords: Fukushima, radioactivity, plume, subduction, radiocaesium, subduction
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Possible southward transport of the directly-discharged Fukushima-derived radiocesiur

across the Kuroshio Extension
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western Pacific Ocean

0000 ™ooooo L,000 L0000 th00000000ODO 2
Minoru Kitamura*, Yuichiro Kumamoto, Hajime Kawakanti, Katsunori Fujikurd, Eric C. Cruz

l0o0o0o0oO0O0o0,?2000000000
1Japan Agency for Marine-Earth Science and Technolg@AA

goooogoooobobobooooooooooboobooboobooobDobobobbooboboobDoDbOoboo
oboooooooboboooooooboobobooooooobooboboboboboooooobOobobooooon
OO0o0ooO0o0oO0o0o1vooo0oboo0oooobo0o0n 20120 12000000000 1000000 OO00O00O0DOOOO
ool1o00000oo0O0000b0 1200000000000 00O0DODO-ODO000DODOOOODDOOOODOOOOO
O0019°N,149° 20’ EOO0OODOOOO 2100kmd 00000

0000000000000 0000DO0O0000 134Cs000 137Cs0dinonoooooononono 134Csbdd
gooooooobobooooooooboboboooooooooboboboooboooobooboboboooon
OOoOo0oDOooO0ooDDboO 2000 20000000000000000 200000000137CcsDO0OOOO
O000000000000000O00O0O0.09-0.4 Bg/kg-dw, Kaeriyama etal., 2008 0 1-2000000000000
gboooboooobooboo-oboobobooobogan

Ooo0000oooooO0o00ooo0o0ooooOO0o0ooooOO0o0o0ooO0o0oOoooOoOoOoOD 2s°000O0O0O
gobooboboooooobooooboooobooooooooobbooboboooobDOoobboooDoobobOobo
000000000000 00OHeldaletal. 20030 000000000000000CCOODODOO0OOQOKaeriyama
etal.2008) 0 0000000000000 O0OO0OOQCQOOCOOOOOOOODOOOOOOOOOOOOOOOOOO
uoboobooboooboooooboooooboooooboommooobooobooobooboooooogon
gbobooboboooboobooooboobooooboooobooboooobOobooooboobooooboOoboooon

goooooooboboooobooooboboboooboooooDobobobooboboobogooDobOobob oo
000/00000000O0O00000O0000000000C0C00O0O0D000000D000OOOO0ODOOOOOLO
OO000O0oO00o0O0o0oo0o0D 3-8%1uo-oopooooooooooo w880 pooooooooooon
02060000 00-0000000000000 80-100%0000000D0000DODO00DOO00OO000O0O0OO
boboobobooboobooooboobooooboobooobo-0obobooooobOobooobOOoboOooon

00000:0000,00000000,00000A0,134Cs, 137Cs
Keywords: North Pacific ocean, zooplankton, FDNPP accident, 134Cs, 137Cs

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

MAG35-07 go:boobod 00:50 210 10:30-10:45

Jd0oodooodogodoodgoodoodoooooodond )
Radiocesium stored in bottom sediments after the nuclear power plant accident due to tr

M9 earthquake

o000 ™ o0o00o0?2
Motoyoshi Ikedd*, KANDA, Jota?

'ooo0oo,?2o000000
'Hokkaido University?Tokyo Univ. of Marine Science and Tech.

2011000000ooooooo0gUooooooooO0U0ooOooobDoooooDoooOo0OoUooooDobooo

coo0opoooO00ooOoo0oOoOobOo0o0oDOooO0OOooOoOOoOoOoDoOoOOoOo2011D0DOoOoOoO0OooooOoOooo
obooooboobobooooooooobobooocooooobOOobobooboooboOoboboboboooooOon
gozoo00000OoOOO0O0OoO0OOOOOOODOODOOOO0O0O0OODOOOO0O0O0OOODOOODOODOOOOODODO
boooooooboboboooooooboboboooooooooboboboooooooboOobobooooon
uboooobooboboboooooooboboooooooobobobooooboooboobOobooooooon
goooooooobooboboboooooooooboobooboboooboooooboboboboobobooooDbOoD
obooooooooooooboobobobobobooooooooooobooboboboobobooooobooboDog
oooobooooo

googbo:gooboobo,obo,bon
Keywords: radionuclide, earthquake, sediments

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

MAG35-08 go:boobod 00:50 210 11:00-11:25

Regional-scale transfer of fallout radiocaesium in river networks impacted by the Fukushit

Daiichi Nuclear Power Plant _ o _ _
Regional-scale transfer of fallout radiocaesium in river networks impacted by the Fukushir

Daiichi Nuclear Power Plant

Hugh SmitH*, Will Blake?, Yuichi Ond&, Kazuya Yoshimury, Yosuke Yamashiki, Yuki Matsuurd
Hugh SmitH*, Will Blake?, Yuichi Ond&, Kazuya Yoshimury, Yosuke Yamashiki, Yuki Matsuurd

LUniversity of Liverpool, UK,2University of Plymouth, UK3University of Tsukuba?Kyoto University,>Yachiyo Engineering
Co.
LUniversity of Liverpool, UK,2University of Plymouth, UK 3University of Tsukuba?Kyoto University,® Yachiyo Engineering
Co.

The Fukushima Daiichi Nuclear Power Plant accident which followed the magnitude 9.0 earthquake and tsunami on 11 Marct
2011 resulted in the release of Cs-134 and Cs-137 into the surrounding environment, where highly elevated levels are reported. /
a result, there is considerable concern about the redistribution of these radioactive contaminants from the atmosphere to vege
tion, soil and aquatic systems. This study reports on the magnitude of fluvial transfer of Cs-134 and Cs-137 through river network
located across the fallout region. Initially six nested river monitoring stations were established within the Abukuma River basin
from June 2011. Subsequently, an additional 24 stations were established between October and December 2012, which includ
a further 12 stations within the Abukuma basin and another 12 sites monitoring the smaller coastal catchments north and sou
of the power plant. Combined, these 30 sites provide a regional-scale measure of fallout radiocaesium transfer by river network:
The catchment areas range from 8 to 5,172 km2 and span a large range in average catchment inventories of Cs-134 (16-20
kBg/m2) and Cs-137 (19-2380 kBg/m2) based on MEXT inventory mapping. Flow and turbidity (converted to suspended sed-
iment concentration) were measured at each station while bulk suspended sediment samples were collected at regular interv
using time-integrated samplers to allow measurement of Cs-134 and Cs-137 activity concentrations by gamma spectrometry. Pr
liminary monitoring data will be presented that shows highly elevated but generally declining activity concentrations of Cs-134
and Cs-137 on suspended sediment and provides a measure of the regional-scale variability in fluvial radiocaesium fluxes. Whi
most radiocaesium is likely to remain in the soil profile, fluvial redistribution may contaminate downstream floodplains that were
subject to low fallout and deliver significant quantities of highly contaminated fine sediment to the coastal zone.

0 0 00O O : Fukushima, Radiocaesium, Sediment, Rivers, Contamination
Keywords: Fukushima, Radiocaesium, Sediment, Rivers, Contamination
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Effects of rain events on transport of radiocesium in the Abukuma River during 2011-

2012
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The behaviour of radio-Cs in th
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As a consequence of the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, a huge amount of radio-Cs was discharge
into the environment. Especially for the Abukuma riverine system, which is the largest river in the Tohoku-area and can be &
dominant water resource of this region, the watershed of this river has been seriously contaminated. To observe the fate/behavic
of radio-Cs in this region, we analysed Cs-137 in aerosol, soil, river suspended solid and sediments and water samples. In additic
to the analyses of Cs-137 in natural samples, the adsorption/desorption experiments were conducted for analogous to natu
system.

From the observations of riverine samples in the period from June/2011 to Dec./2012, it was found that Cs-137 dominantly
existed in particle fraction rather than dissolved fraction. This is the opposite result of the situation of Ukraine in one to two
years after the Chernobyl accident, and might be due to the differences of the content of organic matter in soil between Japan al
Ukraine. This possibility is supported by our results of adsorption/desorption experiments of Cs and humic-acid on clay minerals
The concentration of Cs-137in particulate fraction (Bg/L) in river water was decreased with date. However, the concentration in
a suspended solid (Bg/g) was not decreased. So, it can be said the decrease of the concentration for Cs-137 (Bg/L) is appar:
one rather than decontamination of river water. The concentration of dissolved Cs-137 (Bg/L), in Dec./2012, is one to two ordel
of magnitude smaller than that in June/2011. This result suggested that the more soluble fraction was leached immediately aft
the accident, and a small amount of Cs-137 has been leached from soil steadily. Actually, we recognise the existence of Cs wi
some chemical species from the results of long term leaching-experiment of surface soil and aerosol. The difference of chemic:
species can show the specific leaching/desorption behaviour of Cs in the environment.

Using our results for riverine system and flow rate of Abukuma river, the amount of drained off Cs-137 from the river to the
ocean was estimated as 13 TBq in the last two years. By the result of long term leaching-experiment of surface soil with seawate
it is estimated that about 20% of discharged Cs-137 to the ocean would be leached in the sea water.

gogoob:bboooo,bbooogo,boogd
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Transfer of the Fukushima reactor accident-derived radionuclides in forest environments
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The Fukushima Daiichi nuclear power plant accident resulted in extensive radioactive contamination of the forest environmen
in Fukushima and the neighboring prefectures. In this study, we analyzed radiocesium concentrations in rainwater, throughfal
stemflow, and litterfall to characterize the transfer of the deposited radiocesium in various forest stands (evergreen conifers ar
broad-leaved forests), in Tochigi (Cs-137 falleutLO kBg/n?) and Fukushima (Cs-137 fallout = 300-600 kBgjmprefectures.
Furthermore, in-situ measurement of radiocesium were conducted to delineate spatio-temporal variability of radiocesium in the
canopy and forest floor. The result of this study demonstrated that a large proportion of radionuclides which deposited on fores
were initially trapped by canopies, and subsequently transferred to forest floor in association with throughfall, stemflow, and
litterfall. In the deciduous broad-leaved forest, the highest radioactivity was found at the forest floor; however, 25-40% of the
total deposited radiocesium remained in the canopy of evergreen coniferous forests one year after the reactor accident.

godoobo:0boodoodobobo, 0o b,0o00o,bogo,bobooo
Keywords: Fukushima Daiichi Nuclear Power Plant, Radiocesium, Forest environment, Canopy interception, Transfer
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Investigation of an environmental fate of radiocaesium in the Fukushima forests
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A massive amount of radioactive substances, including cesium-137 (137Cs), emitted from the disabled nuclear power plan
has been deposited on the forested areas in the northeastern region of Honshu Island, Japan after the Fukushima Daiichi nucl
power plant accident. Forest ecosystems in these regions are particularly important, not only for the forest products industry bt
also for source areas of drinking water and for residential environments. To clarify the migrating mechanisms of 137Cs deposite:
on the forested ecosystem, we initiated intensive field observations in a small catchment that included forest headwaters ar
farmlands in the northern part of Fukushima Prefecture. The following expected major pathways of 137Cs export and diffusion
were investigated: 1) transportation of dissolved and particulate or colloidal forms via hydrological processes within a forestec
catchment and export dynamics through the stream, and 2) diffusion through the food web in terrestrial and aquatic organisms ¢
forests. Preliminary findings indicated the following: 1) Most of the 137Cs was discharged as suspended matter. High water flow
generated by storm acted to accelerate the transportation of 137Cs from the forested catchments. Thus, the estimation of 137
export requires precise evaluation of the high flow acceleration during storm events; 2) Because litter and its detritus may forn
the biggest pool of 137Cs in the forested ecosystem, 137Cs diffusion occurs more rapidly through the detritus food chain tha
the grazing food chain. Most predators have already ingested 137Cs, particularly in aquatic environments. An urgent questio
that needs to be addressed is when and how 137Cs diffuses through grazing food chains and how rapidly this process occurs.
elucidate or to be able to predict these phenomena, the mechanisms of 137Cs release from litter and soil organic matter need
be clarified.
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Keywords: 137Cs deposition, forested ecosystem, hydrological process, food web
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Predicted spatio-temporal dynamics of radiocesium deposited onto forests following the

Fukushima nuclear accident
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Radiocesium¢4Cs and'37Cs) released from the Fukushima Dai-ichi nuclear power plant to the atmosphere contaminated

a large area of Japan’s land surface, the majority of which is covered by forest (Hashimoto et al. 2012b). The availability of
countermeasure options for forest areas is limited to restriction of access and removal of contaminated materials (Hashimot
et al. 2012a). Even considering only the most heavily contaminated forest$*¢: 13"Cs 1000 kBq m2 in 2011), however,

the total volume of radioactively contaminated materials is estimated to be 33 million cubic meters and 21 Tg (dry matter)
(Hashimoto et al. 2012b). To develop effective countermeasures to mitigate the impacts of radioactive contamination of forests
detailed monitoring of the radiocesium migration and re-distribution is essential. In addition, it is useful to be able to predict
the future dynamics of the radiocesium between forest components; modelling is the best tool for this prediction. Here we
simulated the dynamics of radiocesium deposited on Japanese forest ecosystems in 2011 using a model that was developed
tracking radionuclides in forest ecosystems after the Chernobyl accident in 1986 (RIFE1 model). The fate of the radiocesiun
was simulated using the initial conditions observed following the Fukushima accident. In addition, the simulation results were
incorporated with a spatial distribution map of deposited radionuclides that was based on an air-borne survey. The simulatio
demonstrated that in the first two years after initial deposition radiocesium is retained primarily in the soil surface organic layer.
Over a period of five to ten years radiocesium is predicted to move from the surface organic soil to the mineral soil, which will
eventually become the largest reservoir of radiocesium within forest ecosystems. Spatial analysis clearly shows the reduction:
the extent of contaminated areas which will occur as a result of natural decay of radiocesium, as well as the spatial distributiol
of radiocesium in each forest component. Considering the heavier rainfall and warmer conditions in Japan than in the countrie
contaminated by the Chernobyl accident, migration of radiocesium from organic to mineral soil may be faster than predicted.
Although the uncertainty of our simulations should be taken into account, they provide a basis for understanding and anticipating
the future dynamics of radiocesium in Japanese forests following the Fukushima accident.

Hashimoto, S., I. Linkov, G. Shaw, S. Kaneko (2012a) Radioactive contamination of natural ecosystems: seeing the woot
despite the trees. Environmental Science and Technology, 46, 12283-12284
http://pubs.acs.org/doi/abs/10.1021/es304145n

Hashimoto, S., S. Ugawa, K. Nanko, K. Shichi (2012b) The total amounts of radioactively contaminated materials in forests

in Fukushima, Japan. Scientific Reports, 2, 416, doi:10.1038/srep00416
http://www.nature.com/srep/2012/120525/srep00416/full/srep00416.html
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