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Comprehensive Study on Atmospheric Radionuclides just after the Fukushima Accident by
Analyzing used Filter-tapes of Air Monitoring Sites

*E%E 5@75&1\ xiﬁ ﬁﬁnﬂaz\ \;ﬁ%g EZ\ XE *UEZ\ ?;D *E_‘l\ EP-% H%:?:S
*Haruo Tsuruta', Yasuji Oura’, Mitsuru Ebihara’, Toshimasa Ohara’, Yuichi Moriguchi®, Teruyuki
Nakajima’

1TWWE— - BYIVIERMtEYS— 2. BHAFERR. 3.EURBMAER. 4. BRKXF 5. FHMZEHFRE
FHI%E

1.Remote Sensing Technology Center of Japan, 2.Tokyo Metropolitan University, 3.National Institute
for Environmental Studies, 4.The University of Tokyo, 5.J]apan Aerospace Exploration Agency

REREBNEEE—RFNEEBEMBHNER(ICH(TIAKFBREEMEORZEE D HOBEOIZS. KRREER
BIERTHEAINTUV S, BRIRINE IR IR E (SPM) ST OEEEH T — T S ICEREN S N Y&
DRWHIERICDOVNT. FE1HORDCs-137DRZEEDME ELTIL—LDEFICDOVTE. T TICHX
(Scientific Reports, 2014) & U CHEFEENZFETHRE LI, TOICEHAZE SO THI00DSPMIERI TN
257 —513. T—9 &3 (Journal of Nuclear and Radiochemical Sciences, 2015)& L C. iR T
o TCTET—HEEMBER, FLOKRIBEZMEITL T, S1HLRICHS ML > EELBRE. B
I35, BEEORRMMEE ST FIL—L/SBRSEN. BEERMAA(E6E. RIiGAREEAE7OEZE SN C
ERBSHCIE DIz, BEBCERIMANDTEZS Y VIR MLETEHAT N EGREXROEROE—D
[FIART. ZNSICHLT D TIL—LBRBASHMIE Dz, IRE. FTIL—LDEFENS DEHERIECFAER
EDBBRESTSICHMICETPTH D, e, ZLDBHIERICEKD. BER. BKOBHE. [UBEOYEEY
EDBRMRRMN. KaFHAMEMENERXRE LS. SrURSEECHBCFEEZESI TV EMN BSHIC
Eolz. REXE. BEMAEEBADEXE. 3B15BFEEIA208FZCERIN. ERASTEIIA208R
BMS3IA2IHBICNITEHEETHE LIz, COELERERAFE. DKETOSBHEAMTCEAINL. #BUS
SEOWEE (FE119-245 m)DEREICKLD RIS N, Tz, 3HWBOFESKICNTT,. BRIENAEE
FRENSEBRD DR CERILMAFHBAGEXIN L, XREOMEHEZS ) VIREBRT. BHEILEHNS
EFEEBICMNIT. EZLDEZEOHHEYENMEREICEE L TLWZZ EMT TICHREINTULSD, C
DELIRRAF. 3 A20BFEOEEFDDRAICKD COMBE THERIBENEE TN, REICERISNZREKIC
IDXBELREHEHERATNTULD, UNURRHICH(TS. HILMAREIBOSPMit RO XK HCs-137EE (F(F
EALRETIRED.1-1 Bg m)IUFE oz, DL IETHAINE0EREMOSREEE . RiMtARHRIC
EEFELREHEATN,. ZNCLD. SEEORGEUMEESTERRBIE. MELD EFEOXRRFZEIAIC
XS, BRKICKDMEICEBELZEEAETNS, —7A. 3A21BIKD DO (ETIE. &E236-330 m(CaEL\
HENSIESHIFEELTHD. ZOTEBZEMNZ0 kmOEEED FIL—LMRILERRIC L DERFEEE THE TN
EEAMETND, CNo5hS FIL—L/BRSBOEFRBEEEHAT B(C(E. BERE EEICKRDBEREE
HEERBIBCENEETHDCENEBCTIBINGZ, SPMEHT—TF3MERMHL TS 22 TOEREK. XU
COMERERHEN] - KIBUTT S >EERHAEE(BEX)Z(EUH. XHRIZE., REA. RFOREITFRTU
ZLDARICESERHBL LIFFET,

F—O—F  KRHCs-137, FERFIRYE. BEE—RFNREBHM. BRAE. KEEDM

Keywords: Atmospheric Cs-137, Suspended Particulate Matter, Fukushima Daiichi Nuclear Power
Station, plume, Spatio-temporal variation

©2016. Japan Geoscience Union. A1l Right Reserved. - MAG24-01 -



MAG24-02 HAMERSER S EA2016EAS

EEE—RAEBHC X DRHE ST NITRI FIRBRGHEE DOYIE - (LZRIEIR DR
Investigation of Physical and Chemical Natures of Particulate Radioactive Matters Emitted
from the Fukushima Nuclear Accident

SIS B RE BE. B BX. i R EE SEL KK BN &4 8. By XA\ At+E
BAY

*Yoshinari Abe', Yushin Iizawa', Takahiro Ono', Izumi Nakai', Yukihiko Satou’, Keisuke Sueki?, Yutaka
Kanai®, Kouji Adachi’, Yasuhito Igarashi’

1. RFIERAPEZEICAIEER. 2.00KRKZE. 3. EEKMREMRA. 4. [RAKAR
1.Department of Applied Chemistry, Tokyo University of Science, 2.Tsukuba University, 3.National
Institute of Advanced Industrial Science and Technology, 4.Meteorological Research Institute

BAFEESE—RREBHAREEZEX SNIMEMYEZ STEIRR F2 ASMEPTIEE O\ > ERIESRIN S
DEEL, FEBIEOBENYE V1 OO — LXED R EHRILIC, TRIFLANILTOYIE - {EZRIMIRDOERBRZ W T
V3", ARKRTE, BADHEICEDCNITRESNZBEMRIF(ICDVNT, ZOYIE - {L2HIMIR(CES
FTHRIIEHERSTT Do

FTHE D (FTHDRRATME K OEERMES AP CERED201MFIRICT v LS — LICHESINEXR
BWEENS, ST V(> THERMRIFE DB LTz, RIS, 2014E(CEBENOEN F— IV CHRE L
BY, SLU0FICERRNTEIN U ZEBNSERBHET O IZ, DRESNIEMEMERIF(ICH L T, GeE{AIR
HEBRERWRIRIFTOAH Y VIBEBIRD RVAIEE, BEFEFROEBRREFEME(C L DFEEBERS L UHEKS
WMETDR. T H(CTNS DMREIERIF & KBRS Y6 iEE%SPring-8MBL3TXUICIF5IAd, M1 umlCEEXL
YA O0E—LXGE JO—-JE LT, REBBAIRIITE (SR-p-XRF) [CKXDEBRFDETRERE ZD
DE, REHERIRINRIGEEEEENTE (SR-p-XANES) (CKDEBTENMLFIREE, MY EXIREIRE
(SR-p-XRD) ([CLDIERBEEZ IEBIR AL T,

AHREICLD, BLBIYIE - (EZRIMIREBE T S3BEOMEHERF (Group A, B, () OFEMESHE
1D Tz, Group AIFERI~5 imENS<, BANIC2THRETH D, BUSVICLD, BHRELD2011E3E
MU~15H(CRRAFXPMTRESNEAIMENSEREIN, TRFTHI BoOBEEEZEBL, E=BE(CLT
ST —F—DEEBENGEFT NS, B (sih—JU] EEEND, TTzCsDMBICERD, Sn, Baik & AR
DEPRERY) (FP) HREEXSNBITRESH, — DR T CIIRRRIBROTEENRSH BUEREINT
WBY, FPLISNCESI, Fe, INKERDBRMRIEREZZ SNBITRESINTU S, SiERHEETEIHS
AREEZ SN, FFKBAETH ST, BERENLBEZENABSIN, ERICESEROEN F—IUHEREYHR(C
ECNBEDKFHREZBL TV ERBASHICHEDTUS, s/ isIFITHD, 18I (I32MN S
BESINEAREMNRE V. T2 LCuPNL, AgikE, —BRORIFHS UMMREHSNTUHEWTRERSN, B—
RILER - MEBETH 2z&EFEZX TS50\,

Group BlZ, EBESE—FEHRILFAME (EBERRIHE) OLENSHEINCREMR FTHD, RtEICE, &
BESY(C KD 1BMEROMEIMEIE HRARK U e ATAEM MRS N T UL B, ERFETund — 4 —Daroup AL (R
£, Group BIEIKEDAREFKFTI100 ymEBXD3TENEH D, KFEEKGroup ALEULKSIERHAET D
HSATHBEEZSNBM, (s&DEBaEZSLHERAICH S, Group ATIIRHEHSINTULEWSIES

T, ShICETEWVDZRT, Group AL FHEBNFHEICERRSN D, FRFARICEunT —45 —TFeXd

Mo, Sn, ULEN—EBNEBTEDEEMNRE SN, SR-u-XANES/XRDICEK D, CSUIEBERICBVWTHSITIE
IEOWEDFEENRRINTL D,

Group Cl&, 2011438308 (CEERMISSMERPM TRE SN ASMEL D RS NEREMR 7 Th D, K
Z(Z6roup ALRTBEEDEWUNTH DN, EKETRELMMAH D, AR>DEEIRDEDNRZV, LEBM2T
W—TDRIFEFRIED, Group CORIFDEMRDISITIFEL, EFTEMBMICEGroup AL KUBE (FBAREILE
VWIRR SNz CNS3TIL—TDORIFOYIEN - {LZHMIRDEWVE, ZOERK - BHEIBREDEVNICERT S
EDTHDEEZOSN, BHRICEROTOTCXIC K> TRIFROBEIERREBERICREBINZC &AM
ZM(CEITFS NI,

©2016. Japan Geoscience Union. A1l Right Reserved. - MAG24-02 -



MAG24-02 HAMERSER S EA2016EAS

1) K. Adachi et al.: Scientific Reports 3, 2554 (2013).

2) Y. Abe et al.: Analytical Chemistry 87, 8521-8525 (2014).
3) ik BES: THEMES ] 31, 27-28 (2015).

4) N. Yamaguchi et al.: Scientific Reports 6, 20548 (2016).

F—DO—F  EESERABR. REHRF. KJME. & XIRO. BEDH

Keywords: Fukushima Nuclear Accident, Radioactive particles, Aerosol, Soil, X-ray analysis,
Synchrotron radiation

©2016. Japan Geoscience Union. A1l Right Reserved. - MAG24-02 -



MAG24-03 HAMERSER S EA2016EAS

RAEBHHKROBEME LY D LXKEEOKIEN | TI&. BN\ 5 DBRE
Long-term assessment of airborne radio-cesium after the Fukushima nuclear accident:
re-suspension from soil and vegetation
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Re-suspension processes of radioactive (s emitted by the FNDPP accident in summer and
autumn -possibility of biosphere-atmosphere circulation of radioactive (s
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Effects of radiocesium transfer from the canopy to forest floor on its accumulation in
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The situation of radioactive contamination in crops after five years of FDNPP accident
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Tokyo electric power company’s Fukushima Daiichi Nuclear Power plant (FDNPP) accident affected a
large area of Eastern Japan by the fallout of radioactive cesium. In 2011, more than 8000 ha of
agricultural field was restricted planting and the area decreased about 2000 ha by the end of 2014.
Two major protocols have been applied to the agricultural field, one is decontamination of field
mainly by surface stripping method but it results a huge amount of radioactive waste of soil and
biomass (more than 2,000, 000 m3). The other method is applying sufficient amount of potassium to
the soil before conventional fertilization. The problem is that it is not able to decide the
termination of applying excess amount of potassium to the field. Furthermore, as some plant species
seems to have higher transfer factor, it makes the radioactive cesium content of the harvest higher
than the standard limit in food (100 Bg/kg from April 2012, in Japan). Several countermeasures have
been tried to encounter these problems. In the presentation, present situation of Fukushima area
which have been affected by radioactive materials and how the agriculture has been reconstructed
after the FDNPP accident.
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Spatial distribution of dissolved (s-137 at small Headwater Forested Catchment in
Fukushima after Fukushima Dai-ichi Nuclear Power Plant Accident
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Radiocesium migration from headwater forested catchment is important perception as output from the
forest which is also input to the subsequent various land use and downstream rivers after Fukushima
Dai-ichi Nuclear Power Plant (FDNPP) accident. In this study, dissolved Cs-137 concentration of
stream water, soil water and groundwater were measured. Observations were conducted at headwater
catchment in Yamakiya district, located 35 km northwest of FDNPP from April 2014 to November 2015.
Stream water discharge was monitored and stream water samples were taken at main channel and sub
channel. Stream water discharge was monitored by combination of parshallflume and v-notch weir.
Stream water was sampled manually at steady state condition in 3-4 month interval and also intense
few hours interval sampling were conducted during rainfall events using automated water sampler.
Around the sub channel, it is found that there is a regularly saturated area at the bottom of the
slope, temporary saturated area which saturate during the rainy season in summer and regularly dry
area. 6 interval cameras were installed to monitor the changing situation of saturated area.
Suction lysimeters were installed at three areas (regularly saturated area, temporary saturated
area and dry area) for sampling soil water in depth of @.1 m and 0.3 m. Boreholes were installed at
three points along the sub channel. Three boreholes with depth of 3 m, 5 mand 180 m were installed
at temporary saturated area, 20 m upstream of sub channel weir. Another three boreholes with depth
of 3m, 5mand 10 m were installed at dry area, 40 m upstream of sub channel weir. And a borehole
with depth of 20 m was installed at ridge of sub catchment, 52 m upstream of sub channel weir.
Groundwater was sampled by electrically powered pump and groundwater level was monitored. Also
suction-free lysimeter was installed at temporary saturated area for sampling the near surface
subsurface water. Soil water samples were collected as much as collected in flask. Stream water and
groundwater samples were collected for 40 L each. All the water samples were filtered through 0.45
pm pore-size membrane. Water samples with less than few L were concentrated by evaporative
concentration. Water samples with more than 40 L were concentrated using the ammonium
molybdophosphate (AMP)/Cs compound method. The (s-137 concentration was determined using Gamma-ray
spectrometry with a germanium semiconductor detector.

Spatial distribution of dissolved Cs-137 concentration in the slope was obtained and the source of
Cs-137 concentration in stream water was examined. The Cs-137 concentration in groundwater showed
low value of around 0.001 Bg/L. The Cs-137 concentration of soil water showed 0.01-0.1 Bg/L. And
Cs-137 concentrations of stream water were in order of 0.01-0.1 Bg/L at steady state condition.
Also Cs-137 concentrations in stream water showed temporary increase during rainfall event. The
source of dissolved Cs-137 was suggested to be shallow soil water under saturated condition or
leaching from the litter might be affecting.
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Slope-scale (Cs-137 wash-off processes estimated with erosion plot observations and
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Uranium isotope ratio in Fukushima soil samples
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There were huge amounts of radionuclides such as fission products released into atmosphere due to
accident of Fukushima Daiichi nuclear power plant (FDNPP). A few studies have been reported about
actinide elements released from FDNPP accident as fingerprint of isotope ratio using accelerator
mass spectrometry (AMS). Levels of actinides were at much less concentration than "'Cs, "Cs and
Sr. However, we need to consider the influence of alpha ray particles on a long-term contamination
in environment. We have focused on 236U isotope, and its measurement using a thermal ionization
mass spectrometry (TIMS), which may be used as an index of a nuclear accident. We measured highly
precise uranium isotope ratios in the soil samples from Fukushima prefecture with high Cs
concentration using Isotopx Ltd. Phoenix TIMS.

We also measured Kobe and Okinawa soil samples before the accident as Global Fallout and geological
standard sample as JSd-2 and NIST 4350b. Chernobyl and Kosovo samples were measured to notice
artificial radioactive materials.

Soil samples were decomposed by a microwave (ETHOS one) digestion method with mixed acids after
ashing. Uranium fraction from the dissolved sample was chemically separated by UTEVA-UTEVA resin
chromatography to minimize interferences of Fe and Pb prior to isotope ratio measurement using TIMS
and MC-ICP-MS.

Results of “°U/?U and *'U/”*U ratio by TIMS and MC-ICP-MS couldn't reveal any significant
difference between Fukushima soil samples and Global Fallout samples.

20728 detection limit of TIMS were considered by a standard solution from U ore and could be
considered that was not under the influence of Global Fallout. We could measure “°U/**U ratio in U
ore samples from 107'°~1.5x10° range. The yield for JSd-2 and NIST 4350b were noticed to be
4.2-7.8x10°® and Kobe and Okinawa as an index of global atomic fallout were 6.5-9.8x107°. The
detailed results will be presented.

F—0—R: EERTEEN. 95 VEMAL. TIMS. 2360
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Relationship between radiocesium interception potential (RIP) and other parameters such as
cation exchange capacity, organic matter content, particle size, and mineral composition
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The solid-water distribution of radiocesium can be expressed by the distribution coefficient (Kd),
but the Kd value is conditional depending on the condition of the solution such as major ion
composition and concentration of cesium in the aqueous phase. On the other hand, radiocesium
interception potential (RIP) is primarily important to show the solid-water distribution of
radiocesium, because of the low total concentration of cesium in aqueous environment, where
frayed-edge site is not saturated by the cesium.

In this study, the effects of cation exchange capacity (CEC), organic matter content, particle
size, and mineral composition on RIP were discussed. Based on the laboratory studies using
suspended sediment (SS) samples collected from various rivers in Fukushima area, we found the
results from (i) to (iv):

(i) RIP is positively correlated with CEC, but some RIP values at higher CEC region were lower than
those at lower CEC region, because the latter values were obtained from the SS with high organic
content.

(ii) RIP is positively correlated with surface area, or negatively correlated with average particle
size of SS samples. However, some RIP values with large surface areas were out of the trend written
above, possibly because the smaller particles did not contain weathered mica that can strongly
adsorb cesium.

(iii) However, the correlation of RIP against mineral composition indicated by the mica/quartz
ratio is not very clear, suggesting that the role of bulk mineral content is not very clear. It is
possible that the capacity needed for the cesium in water is not that large, which suggests that a
small amount of mica-type mineral is sufficient to show the high affinity for cesium.

(iv) Finally, there was clear negative correlation between RIP and the organic content. This effect
is explained by the coating of minerals by humic materials, which inhibits adsorption of cesium on
the SS samples, as suggested in our previous study (Fan et al., 2014).

We found that the four parameters more or less affect the RIP value. Thus, multiple regression
equation is needed to take into account the effects of the four parameters to obtain empirically
the RIP value in each environment. We will give the results of the multiple regression equation in
the presentation, by which we can discuss important parameters that control adsorption behavior of
radiocesium in Fukushima area.

F—O—R ! EEERFHEREM. BAMEIOLBRNT Y vib. 2D L B1F URBAE
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Following the Fukushima Dai-ichi nuclear power plant accident, numerous amount of radiocesium was
emitted and infiltrates separate sewer system in the surrounding urban areas. To simulate the
infitration of radiocesium into separate sewer, we developed the Improved Model Radionuclide
Migration in Urban Environments and Drainage Systems (iMUD) bases on model Radionuclide Migration
in Urban Environments and Drainage Systems (MUD), which was only applicable for combined sewer
system. In this study, we attempted to predict the concentration of radiocesium in the final sludge
of wastewater treatment plant (WWTP).

iMUD is a multi compartment model, consits of urban and WWTP sub-model and divides the surface of
urban area into five components according to the type of surface layer (roof, paved, soil, tree,
wall). Firstly we identified the mechanism of radiocesium infiltration, which after several
analysis, the mechanisms are Rainfall-Derived Inflow and Infiltration (RDII) and Human excretion.
There after, the model was applied on the two largest urban areas in Fukushima Prefecture,
Fukushima and Koriyama. Finally, we compared the predicted values of concentration of radiocesium
in the sludge with the three years obeserved data in order to validate the model.

Based on the calculation of Nash Efficiency Coefficient (n), the model showed a satisfactory
result, which for Fukushima WWTP case n value of 0.85, and for Koriyama WWTP case, n value of 0.84
were achieved. In addition, R? value of 0.85 and 0.86 were achieved for Fukushima and Koriyama
respectively. We predicted that the sludge containing radiocesium reaches the standard limit after
3 years for Fukushima and 4 years for Koriyama.

Keywords: radiocesium, separate sewer system, simulation
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Fukushima-derived radiocesium in the North Pacific subarctic region and Arctic Ocean in
summer 2014

*BER WE—ER. Bl EXL RS B, A% gA\ NE SE. Fi &'
*Yuichiro Kumamoto', Michio Aoyama’, Yasunori Hamajima’, Shigeto Nishino', Akihiko Murata', Takashi
Kikuchi'

1. EMEEREENBFRREREE. 2.EB8XF. 3.2 RKE
1.Japan Agency for Marine-Earth Science and Technology, 2.Fukushima University, 3.Kanazawa
University

0ME3BNMBIICREUREXRMEE ZNICEI TR KERIG. BEE—RFIHKERT (FNPP1) OXZMARIEH
CIRDBIEERI SR Ui, ZORE. ZOMEMEI DL (Ps&0s) AFNPP1LDBX L LILATERE(C
ME TN, CNETOEHRAAEICKL D T, MESINZHEHELE S D ARIEKFFBR (A D TR FHiE
EORBEANSEICBITLUDDHDIZEANADNDITULD, LHL. ZOEBEREBADILND(CDUVTIE. &8
BT =S DARRBHS TZ+DCIETEBBAINTULEL,, FR(E. FBHHSKHZIERED2014FETA~108(C. IEX
FEEFEHEEREEHS JCIEECH VT, REH SEERLSONTE TOBKPAERHRMTCY I LOEBEERINELE
NDTZD/REHET B, BAGERHT. EFHERERRL 350V MR14-04 % UMR14-05f 1 (C S LV TEREXL
fzo TEKIE. NTVEREKKRUERRY FREFKICK DT, AEFKEZIFVEKBERVT. &
20~40) v RIVEFE Uz, EEEUTIEEKIE. ZO—EEMETIBLIZ, ZNE. BHEBEARMLU TELD
ERB(ICHFER . BELOERRE CEHFMERMAREED DR, BREFRIZIREIE) TEEKPOR
MECIOLEY VEY I T VBT VEZDLENECI > TEMBL., SRAXZELANIVRS KRR DIE
NVIOITSURTIVY Z DL ERMEEBRZEZRAVWTCZOREZRAE Lz, BEIBCAEEEL THES5NZ
DFDORENS (Z. HI8% TH Dz, WBBOREN SEE200MTIIHI1.5 Bg/m’. 200~800mT(I#I3.5 Bg/m’
DY sHEIES NIz TNSIIFNPPISEHBEIN SERBISNTHE D, KKPILEER (F(21950—6044K) L FMD
BRRIBE TIZEHN S DRER (E(C1980—90F) (CHELIZEDEEZXS5ND, —/AT. FNPPIERICDHHHE
K93 sFFFLBTRETRRE ($90.1 Bg/m’) T TH b BEEE (0.07 Bg/m’) THIHEE
15mcHVTOHEECREHE TN, RFEEFESBNITIGL THD. XFFKERLFEE T SHEKICHEH
T3, —H. 012FELV013FEDHBEERTIIREBICHDE > THIIRESTNTULEL, R—UVTEOXR
EKTIE~0.3 Bg/m DM (sH@HEI N, CHIIBE2ERICHEISNEEL FEFRBECH k., <
SNOIBRIL. FNPPISHERD *(sHIR—U Y IEh SILREICBITT Bt BN SHB3EREELRT
EETREL TV, BEESHOIGBITERIOA D RENSOREKT Y (SEEG. AREEFT~2 By/mE
B, FERI50EERDE LIZEET~8 By/m EMTHICE <L D TU . "(SEEISERE & € (THH

L. SEE800MCIIEAERNTH0.2 By/mM T Dlc. FNPPISBHICDHERT 3"(s(d. BEEREHDDERIS
TEEMLEDREMRESETCOIRE SN, CDT EF. 200mLETCERIST NI CS(FFNPPISERER T3
<. ECKEBARTHBIEERLTVD, M(SBEIRBEREC~0.3 By/mMTHO2ZDICHLT. &
FHS0EE D E UTZEERTE~2.5 Be/m EAEMIICE < LD TUL\E, CDIETRIC(sSEEDE L \KER
([F. 20NEEZR(CFANEFHMAICEEL TULWZC ERREINTULD, CNSOERAGRIE. SWEERD
BHATBADNE F 152K A ICRET 3 (sEBEKM. 2014FEE(C(3E S (CHEAEZE SN THERI50E
EHROE T IHREEEFFICAZELECEEREBL TULD, CDOARIAFEISZISPSEIFAEE24110005DBIRZE 52T
iz

F-O—F  BEF—RFOREMBR. BEETLI DL EKFFEEHE

Keywords: Fukushima-Dai-ichi Nuclear Power Plant, Radiocesium, North Pacific subarctic region

©2016. Japan Geoscience Union. A1l Right Reserved. - MAG24-16 -



MAG24-17 HAMERSER S EA2016EAS
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Factors controlling radiocaesium distributions in the western North Pacific in 2011-2013
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The 2011 off the Pacific coast of Tohoku Earthquake and subsequent tsunami on 11 March 2011 caused
damages that led to the accident at TEPCO’'s Fukushima Dai-ichi Nuclear Power Station (FDNPS). Large
amounts of radionuclides were dispersed by hydrogen explosions, and radionuclides also leaked from
the FDNPS into the terrestrial and marine environments. In the approximately 5 years that have
passed since the accident, radiocaesium activities in seawater in the Fukushima coastal area have
decreased, but are about 10 times higher than before the accident [1]. There is some controversy
about factors affecting radiocaesium in the open ocean, particularly in subarctic area. To improve
the accuracy of the diffusion simulation predictions in the ocean, more data are required from many
regions regarding temporal changes. This study aimed at elucidating distribution and behavior of
dissolved radiocaesium in seawater collected from the western North Pacific during the four
sampling periods in 2011- 2013 (Period I; 14 April to 5 May 2011, Period II; 27 June to 4 August
2011, Period III; 4 June to 12 July 2012 and Period IV; 9 July to 29 July 2013). Collected seawater
samples were filtered through a 0.2-pm pore size filter and was concentrated by means of improved
ammonium phosphomolybdate (AMP) method [2]. In upper-layer seawater (water depth 0-10 m), the
dissolved "'Cs activities were relatively high off the Fukushima Prefecture in Periods I and II. In
Periods III and IV, the activities at most of monitoring stations were same order. The activity
profile patterns at most of stations decreased with increasing water depth were constant at all
depth. The activity in middle-layer (water depth 100 or 200 m) was relatively higher than those in
upper-layer at KEO in Period II and at JKEO in Period III. At S1, the activity profile patterns
were its maximum layer at water depth 100-460 m in Periods III and IV. It seems that maximum layers
of "Cs activity at S1 and KEO had happned because upper-layer seawater including radiocaesium had
subducted more deep associated with formation of the North Pacific subtropical mode water. In
upper-layer, integrated "'Cs amounts in 35° N-40° N and 140° E-150° E, which zone is located just
eastward from the Fukushima Prefecture, were highest compared to those in another zones until
Periods II and accounted for more than 50 % of the total "’Cs amounts of each sampling periods. In
Periods IIT and IV, the amounts in divided all zones were small order. It is possible that the
amount distributions influenced on several factors such as the location and strength of Kuroshio
and Oyashio current and semipermanent eddy.

[1] Nuclear Regulation Authority, (2015) Environmental radioactivity database http://search.
kankyo-hoshano.go.jp/servlet/search.top, [2] Aoyama and Hirose (2008) Radiometric determin-

ation of anthropogenic radionuclides in seawater, in: Analysis of Environmental Radionuclide,

In P. P. Pavel (Ed.), Radioactivity in the Environment (pp. 137-162). Hungary: Elsevier.
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Behaviour of oceanic "’Cs from the Fukushima Dai-ichi Nuclear Power Plant for four and a
half years
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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.

Wle reconstructed spatiotemporal variability of '*Cs activity in the regional ocean for four and a
half years by numerical models, such as a regional scale (horizontal resolution is about 1 km) and
the North Pacific scale (horizontal resolution is about 10 km) oceanic dispersion models, an
atmospheric transport model and river runoff model.

Direct release rate of "'Cs were estimated for four and a half years after the accident by
comparing simulated results and observed activities very close to the site. The estimated total
amounts of directly release was 3.7+0.7 PBq. Directly release rate of "'Cs was the order of
magnitude of 10" Bg/day and decreased exponentially with time to be the order of magnitude of 10°
Bg/day by the end of September 2015. Estimated direct release rate have exponentially reduced with
constant rate since November 2011. Apparent half-life of direct release rate was estimated to be
346 days. Simulated "*Cs activities attributable to direct release were in good agreement with
observed activities, a result that implies the estimated direct release rate was reasonable, while
there is no observed data of '*'Cs activity in the ocean from 11 to 21 March 2011. Observed data of
marine biota should reflect the history of "’Cs activity in this early period. The comparisons
between simulated "Cs activity of marine biota by a dynamic biological compartment and observed
data also suggest that simulated "'Cs activity other than attributable to dirent release was
underestimated in this early period. We reconstructed the history of "Cs activity in this early
period with direct release, atmospheric deposition, river input, runoff from 1F NPP site with
precipitation. River runoff process is still unknown in the early period because there were no
observed data. We assumed that 10% of deposited "'Cs on each river basin run off thorough rivers
along the Miyagi, Fukushima and Ibaraki coasts. The simulation with overestimated river runoff rate
(10 %) suggests that the river flux of "'Cs to the ocean was not effective to the "’Cs activity in
the ocean in this early period. We estimated the release rate of *'Cs with rain water runoff from
the 1F NPP site from the observed "'Cs activity before 26 March 2011 and precipitation data close
to 1F NPP site. Simulation with additional release of "’Cs from the 1F NPP site suggests that
additional release from 1F NPP site was effective to the "’Cs activity adjacent to 1F NPP and 2F
NPP. Simulated atmospheric depositions of "’Cs on a reginal ocean by 9 regional atmospheric
transport models still have huge uncertainties. It is also important to estimate the deposition
process on a regional ocean to understand contamination process of marine biota.

In the North Pacific scale, "'Cs activity in the intermediate water increased due to the
Subtropical Mode Water (STMW) formation. "’Cs is a useful tracer to detect the STMW formation. Not
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only the direct release but also the atmospheric deposition are essential for the distribution of
(s activity in the North Pacific. Five-member, ensemble simulation with high resolution can
represent the increase of /(s activity in the intermediate water.

F—O—R ! EEERFNOREBASBL. BFOE. TIDOL-131. mEHFETIL. BFELBRET IV
Keywords: Fukushima Dai-ichi Nuclear Power Plant Accident, Oceanic despersion, Cesium-137, Regional
Ocean Model, Ocean General Circulation Model
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