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Hourly atmospheric radionuclides after the Fukushima accident by analyzing filter-tapes
of SPM monitoring sites
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A new insight into the deposition mechanism of airborne radionuclides from the Fukushim
accident
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Introduction

On the radiocesium emitted from Fukushima Daiichi Power Plant (FDNPP) and transported to Eastern Japan, airborne (MEXT
2012) and car-borne (Tanigaki, 2014) surveys have been conducted to map the horizontal distribution of contaminated area.

In the mapped?3*137Cs distribution by the airborne surveys, the contamination in the Nikko Mountain area, located 120 km
north of Tokyo, is prominent. From the previously reported results of transport/dispersion/deposition modeling studies, this ra-
dioactive contamination appeared to have occurred in the transport event in March 15, 2011.

We thus analyzed the formation mechanism in this area by the on-hoot measurements of ambient gamma dose rate (GDR)
air at multiple mountains conducted from 2012 to 2014.

Instrumentation and Measurements

Altitudinal distributions of GDR in air were measured in the Nikko Mountainous area at the northern rim of the Kanto Plain,
Japan, using a portable Csl (TI) scintillation gamma-ray detector (Gamma RAE Il R, RAE Systems) carried along the mountair
trails. The horizontal position of the observer was pinpointed by a global positioning system.

Results and Discussion

In the Nikko Mountain area, the altitudinal distribution of ambient GDR exhibited maxima at about 900-2,000 m above sea
level (ASL).

Meteorological sounding data indicated that the corresponding altitudes were within the cloud layer. A visual-range monitor
deployed in an unmanned weather station at 1,292 m ASL also recorded low visibility on the afternoon of March 15. In the
gridded data products of Japan Meteorological Agency Meso-scale Model, cloud over (%) of low struts started to cover over
the Nikko area at about 1500 JST, as seen in Figure 1. Radar-AMeDAS (Automated Meteorological Data Acquisition System)
analysis shows this area was not affected by precipitation until 2300 Japan Standard Time on March 15, 2011. The mechanis
anticipated to have caused the concentrated deposition in a particular altitudinal range was cloud deposition (or fog/occult depc
sition). Atmospheric aerosol particles often act as cloud condensation nuclei (CCN) so that cloud (fog) droplets form on them.
With cloud/fog deposition, these droplets, and with them the original aerosol particles are intercepted by vegetation and deposite
on the ground.

Airborne radiocesium, one of the major gamma-ray emitting radionuclides deposited onto the land and marine environment
after the FDNPP accident, exists in the aerosol phase. Kaneyasu et al.(2012) reported that sulfate aerosols are a potential cari
of airborne radiocesium. Sulfate aerosol is one of the representative species acting as CCN. Therefore, cloud or fog drople
activated from CCN, including radiocesium and other gamma-ray emitting radionuclides, have greater deposition velocities thal
that of sulfate aerosol itself. This leads to the transfer of radionuclides from the atmosphere to the forest and ground surface b
ing far more effective. Recently, Katata et al.(2014) incorporated a simple fog deposition scheme into their transport/dispositior
model and reproduced the deposition pattern in the mountain area qualitatively.

Conclusion
The proposed mechanism of the altitude-dependent radioactive contamination in Nikko Mountain area was the cloud (fog/occu
deposition process of the radionuclides contained in aerosols acting as cloud condensation nuclei.

Acknowledgement
The figure of cloud cover was produced by Dr. Y. Takane of AIST, Japan.
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Figure 1 Cloud cover of low stratus in the gridded data products of
Japan Meteorological Agency Meso-scale Model (MSM) on March
15, 2011. White circles indicate the location of Nikko Mountain area.
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Identification of aerosol contributing atmosperic re-suspension of radiocesium

JE Az s AT IR L iR e L KBy HEE7 b RP 1 Higk 7252 2 JEVT JEn] 2

ARG #E3 Fobe B S B R4 I HER Y 5 Mish 4 U R S R st 6 th SR 6
KN T A5 50 B #H—8

KITA, Kazuyuki'* ; TAMURA, Sho! ; TANAKA, Misako! ; KINO, Himiko! ; KINASE, Takeshi ;
DEMIZU, Hiroyuki? ; ADACHI, Kouiji® ; ZAIZEN, Yuji® ; IGARASHI, Yasuhitd ; TOYODA, Sakaé ;
YAMADA, Keita* ; YOSHIDA, Naohird* ; NINOMIYA, Kazuhiko® ;: ABE, Yoshinarf ; NAKAI, 1zumi® ;
OKOCHI, Hiroshf ; ISHIZUKA, Masahidé€ ; ONDA, Yuichi®

VISR A PEEARBRAASR R, 2 SIMOEERARER, 3 SR IIFEAT, ¢ U L3ER2E, ° KBRS, 6 AOCBERER S, 7 HARH R
2,8 FIIRE, O PR

Hbaraki Univ.,2Ibaraki Univ.,>Meteorological Research Instituté[okyo Institute of Technology,Osaka Univ.5Tokyo Univ.
of Science’Waseda Univ.8Kagawa Univ.’ Tsukuba Univ.

Hat e HY

RSB — R FEEATORRIC K > T, TR D 5 2 5 O Y E AN E AU REL « AR L
REAEICTRAE UTe HIRICTLAS LT RN 212 ED K SIS T 2 WERNICHEL TV T &M, ETIVFICE

SROHER 2R 2 ETEHETH S, BIE, RRUCIIHIEPHEED 5 OFREUC X > THEEZ > Y LM S N,
B« TR L TV B EERXB5NS, ZTOERILDTSH, MRS RKPNOBEMER S 7 LORHD A 71 = X L3 KUK
75w 7 ADMRENRETH B, MBAANZAXLZHESELSDIC, FTEDXS BT YK FITEENSE
THETEE 2D LDRELL TV 2 7, {BEMEDORIEDBDETH %o FHIC K > TIREDRENZL L TV D DT, ZF
EifIC Al 2 il A % o

YS) T FER

20124E 12 A K b, R{THT FEEEBHIKICE W T 7EDNARY a— L7 Y VT TF—Ic K> TRRL T 1V IVIR Tl
U T2 PERIEIC K 5 IUHREIRIE 2 24 R DI fRRECIIE T 2 L L I, AARAT—RA 7 X 1HICEDT
70 VRO KK HEIRE 2 1 S 2 HE ORI MEETHIE L T\ 5, [FRFC, /Sy ¥ TH v T7I—c K
LIESMRREOIE 7 Ty 7 A% MET S L L dic, £k Lk EAREREFAHKRAT— 3> (AWS) I
T, T 2RPOEZHIS /1Y > 2= T, L7 0 )UK FORPERRE 2 E B2~ > 737 & (Electric Low-Pressure
Impactor, ELPI) B rRELT7 OV IVIBEB X OBV IVEEEZNETNT T I h—R VB 2BV T 21—
N EZ RIS THFMICHIE LTV 5,

F AT — R A 287 ZCREANCHIE L7 1V )Uc DWW T, Ge B AMIIERIC X D Cs-13 7 hERE # &4 %
e, EARE MR (SEM) B XU EDSHKIEIC K DR FOBIZ L iR 21T 5 72 I 4.2-10.2p m DR 1%
HELT T LAY V) £ 0.4 p mELUF (LURUND > T)V) OR 125tk Uiz Y > )b Zzsgic, flkic
K OIKIEER Y. B X TIERBLKEIC X D AEOHE 2TV, Z ORI LTIt LENh 5 Z N5 DO
DEGZERT %, TOHMEICK > TE HBIWIR 7. SER . FRRINFI3EFT %, TERHOM LERYIk I
et LTzt o LOBREIZNEE S Wb TW0B D, ft (2015)IC & % & & NavKiAKIC AN S & A 4 >3 &>
Ty LWVAHT %, % T T 0.2MNaClKIATKRIC & 2 filiH & il YR+ DE GOV T B HEE LTz,

FER

ZFEOHKY > VI, FICHPIRL 36 X CREPIE D RS Nz, fukdmt 3 X O g bk £kt T D Cs-137/%
SHEFRERANIERE TR L, PRI 1L CALSZEFLR FHVEIE L TWeD T, SR & % WIG IR EDHEIK L
T TVWBAREENEWEEZ NS, XFEOWNT >V TIVTIE C L STENZLMMEN, £z Fe Al LHEMRIE
Nizo Mkt d % & Cs-137HETHETRIEZ X 2598 L, /KA DF 513 VARRETH S T L hRE NIz, g bk
FKHHE TR 2DV, CEBFBR FIEREL TN D5, MR T TH 5 AR EIEREMNMAK L 7> T
WA HTREMED U,

HEREOMAY > TIVTIE. Al Fe ZETHIIN 7B X CIEMR O Z SHEI N Tz, MkiiHic X D Cs-137k4t
HETRIE 1 28%a/0 L., EEE(L/KZKAH Tld 38% b Lz, /KIBMME. EEIIIZZTNTN UAB XU 1B3EEES L
TWAAEEMN D %, FAFh 72 NaCliail CTHiti 3% L 5f7 L 7z Cs-137D 85%ah Kb, FEIAIIIYIN T Th
ZEEEED E W, BEOWMUNT  TIICIE I R r— R A V8T ZB—=72@ DRI TR A S ENTE O T EREL
el T A, Cs-137HRETRE X 7T1%0> LTz7z8, U TORAEZ#HE ST 5 2 L IdWEETH - 7z,

St EIFNTERIE Nzt > TN DWW T B FEIRICHEEYIEIC DWW CEE 2 ik %o

1/2



Japan Geoscience Union Meeting 2015 o/o)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. Jg;’;sgime

Union

MAG38-04 £15:301B FFR:5 H 26 H 09:45-10:00

T — B RHEE Y L, KR, 70
Keywords: radiocesium, atmospheric resuspension, aerosol

2/2



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fiem

Union

MAG38-05 £15:301B FFR4:5 A 26 H 10:00-10:15

ISR RF PE DS U TV L Dk I 52 % 708 L _
Impact of the regional climate on the transport of radioactive materials
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Distribution of radiocesium fallout on forest area throughout Japan after decades fron
former atmospheric nuclear tests
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To predict the movement of radioactive contamination caused by Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident s
a strong concern, especially for the forest and forestry sector. To learn from the precedent, we investigated soil samples collect:
systematically from 316 forest sites in Japan just before the accident, which retain the global falsut 3" Cs-GFO) from the
nuclear test bomb during the 1950s and 60s. We measured the radioactMtCefGFO in three layers of soil samples (0-5,

5-15 and 15-30 cm in depth) at each site. We divided 316 sampling sites into 10 groups separated by one longitudinal line an
four transversal lines on the islands of Japan, then analyzed rainfall and geomorphological effétgBse@FO inventories. In
addition to the analysis df”Cs-GFO above, we examined the behaviol’6Cs discharged from FDNPP3{ Cs-Fk) within the

whole trees to study a possibility of biological effect biiCs transport to soils from trees. We measured the radioactivity of
137Cs-Fk of above- and belowground tree parts of three 26 yea@alercus serratand associated soils at a contaminated area

in Fukushima in April, 2014.

We estimated an average 6f Cs-GFO inventories of forest soils in Japan to be#.1.4 kBg/n? as of 2008.'37Cs-GFO
inventories varied largely from 0-7.9 kBgfmaround the country. We found high accumulation'$fCs-GFO in the north-
western part facing to the Sea of Japan. We detected significant rainfall effects on the high accumulation due to winter rainfall
The vertical distribution of-3”Cs-GFO showed that 44% df7Cs-GFO remained within the 5 cm of soil from the surface
whereas the rest of 56% was found in the layer of 5-30 cm in depth, indicating that considerable downward migt&t©s-of
GFO occurred during these fifty years in forest soils in Japan. However, multiple linear regression analysis by geomorphologica
factors related to soil erosion, such as inclination angle or catchment area calculated from Digital Elevation Model, showec
almost no significant effects on the distribution'8fCs-GFO.

The radioactivity of'3”Cs-Fk concentrations of fine roots collected from the 0-10 cm layer were 1600-2400 Bg/kg, which
were comparable to those of one-year old branches (1400-2200 Bg/kg). The radioactivity of the fine roots was 7 times highe
than that found in the soil of 50-100 cm layer (220-350 Bg/kg). This difference the radioactivity of the fine roots among the soil
layers was remarkably small when compared with the 1000 times or more difference of radioactivity of soils in the same layers
(one outlier sample in the 40-60 cm layer was excluded). The findings indicateldt@atFk circulated through the whole tree
within three years after the accident. Considering root litter fall inside the soils we estimated that contafli@genh trees at
the above ground part could be transported to soils through roots.

We clarified that3”Cs-GFO has been held at deposited site and migrated downward gradually in soil. There are two possible
major driving forces to be considered to explain the downward migratid#f @s-GFO. One is the migration 1" Cs associated
with vertical water movement and the other one is the transpdit’@fs by root litter fall or root exudate. Further research is
needed to analyze these processes to obtain reliable prediction of future distribufi6@sFk.
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Three-year monitoring study of radiocesium transfer and dose rate in forest environment
after the FDNPP accident

g shse o BHA— L, a7 LR oS sy AL AW =B 2
KATO, Hiroaki'* ; ONDA, Yuichi' ; LOFFREDO, Nicola$ ; KAWAMORI, Ayumi? ; HISADOME, Keigd

VIRIERET AV b — T BRI v 2 —, 2 7 O T ik
LCenter for Research in Isotopes and Environmental Dynamics, University of Tsifidgia Air Survey Co., LTD.

AT, BEH T IRENERD S 3HM CFK 2347 H~) OBMEEIHOREHEL > 7 LOBITIRN
EZRZM L Tzo AFNTHMD 57225 285 CHEEHR « Eilaih) &JRIEBRERM (3 F I KT7 A=) iIcBW» T
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(Detective-DX-100T Ortec, Ametek, InQ. & W THRMADOZERREER (L 1 mE) ZHE Lz, FdficsuvT, 22
AR ER OREHARNC BB OFRMBRRD L S Nz iz b, ZTOEE F D THHI L7z,

SAERIOBIHART AN BB BIRIRICEEAT LT o L 1371& AFHdmbk, A X4k, [LEBHESSHTZ N
Z1 157 kBg/nt, 167 kBg/nt, 54 kBg/n? ThH o7z, TNHOBITRIE, FFEEMIZRICKEKD A LIRED 36 %,
39%. 12%CHTz%, MMADOZERMFRERIZ, W NOBI T E IZIZYERRE & 5% O TRk 5 @ Z2 R Lz v,
FEHNC AT 21T 5 E BT L IK FEADY DTN EAR S T EDHLMTE> T2, T FHEADENEHSMNCT S
72T, MRRND T L 137 THE L FRER 1 m i O ZE R R O 2 LIER ORIRMN 29 LTz, K7z, ARMERSE
IR ZE R % & 7 DO ZEMIC U T B DWW TR 21T 5 T2

P — R R IR TSR, BT S L, AARERBE, R0, Ze
Keywords: Fukushima Dai-ichi Nuclear Power Plant, Radiocesium, Forest environments, Transfer, Ambient dose rate
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Analysis of each radionuclides discharged by the Fukushima Daiichi Nuclear Power Plan
measured by airborne surveys
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JAFHRICE D RELBEEZ T ENHENT WS, £z, 134Csk WCsDOMETHELL E FEAT 1~3 B THhI ML
M5, BICSPTCs M M E OMILIE P25 E T 5 e D OB EAEREMEONE EEZDBNS,

JE IR Tl > LORBUBTRISE W FEEF T S 3km BNIC BT LaBry(Ce) M aR 2 438 L7z AN O
T2—=I VT, LD SERREED AT VAR ARY MV IE Uiz, LaBry(Ce)Mtiaiid = x )V F—2fRie (FWHM)
MENTWB DD, ZLOBEOFRINAEETH B, £z, AN IS 21X 5 HNEHEIC XD EENZT—
2D TEZ RFERTIE, AN AT Z—DWET— 272 AT MVIENTT % T & THIZICHL M TR 5 T2
St LHERO N RET .

F—T— R ANY a7 Z—{5E, R
Keywords: unmanned helicopter monitoring, radionuclide distribution
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Radiocesium transfer by water and sediment discharge through river networks after th
Fukushima NPP accident
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LCenter for Research in Isotopes and Environmental Dynamics, University of Tsiikauayty of Life and Environmental Sci-
ences, University of Tsukubalnstitute of Nature and Environmental Technology, Kanazawa University
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BLOEZ2) VIHRN S, RELWOY D L 137IREIE 3 M2 L TEIE—EDMZmR LIzh, R,
5OFFHEW DX 7 I 137THEIF DMK MEm 2R Uiz, —7. KHED 5 OIEiHRY & RFIKO M) 17K Tl R R
LBty Y L A3TIRENZBIC DT B EANED SNz, 2D L 137REOAMERMIE —HIFHEIRET L2
HAWTEMT 2 T ENTE BN, B THIFIH & FIECA T — VI B B AMEARI OEWIC DWW TESR 21T 7o, TN
5 O MEM ORISR, BRZ 72 EHIFTHIC & O WS A AR S OBETEE D LR OFERTHNCE T %
TREREEL S %,

F—U— P @R REI S, B D L W AT I, K B, AT
Keywords: Fukushima Dai-ichi Nuclear Power Plant accident, Radiocesium, River system, water and sediment discharge, tran:
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Radijgactive Cs-137 discharge by Dissolved water, Suspended Sediment and Coarse C
ganic Matter from Headwater Catchment

AL A B A B2 A R e R 8
IWAGAMI, Sho'* ; ONDA, Yuichi' ; TSUJIMURA, Mak? ; KONUMA, Ryouhe? ; SAKAKIBARA, Koichi
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LCenter for Research in Isotopes and Environmental Dynamics, University of Ts{iRasmayty of Life and Environmental Sci-
ences, University of TsukubaGraduate School of Life and Environmental Science, Tsukuba University

The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident, following the earthquake and tsunami disaster on March 11
2011, resulted in a substantial release of radionuclides to the environment. Most of the area in which the radionuclides wer
deposited was forested area. Therefore it is very important to quantify the discharge of radionuclide from the forested catchmer
in headwater region which will be the input of the radionuclide to downstream various land use.

The concentration of dissolveld”Cs in groundwater and stream water in the headwater catchments in Yamakiya district,
located 35 km north west of Fukushima Dai-ichi Nuclear Power Plant (FDNPP), was monitored from June 2011 to Decembel
2014. Also'37Cs concentration in suspended sediments and coarse organic matter such as leafs and blanches were monitor
Groundwater and stream water were sampled at intervals of approximately 2 months at each site. Intensive sampling was al:
conducted during rainstorm events. Compared with previous data from the Chernobyl NPP accident, the concentration of dis
solved!'3"Cs in stream water was low. In the Iboishi-yama catchment, a trend was observed for the concentration of dissolvec
137Cs in stream water to decline, which could be divided into two phases by October 2011 (after 200 days after the accident).

The highest37Cs concentration recorded at Iboishi-yama was 1.2 Bg/L at the peak on August 6, 2011, which then declined
to 0.021-0.049 Bg/L during 2013 (in stream water under normal water-flow conditions). During the rainfall events, the con-
centration of dissolved?”Cs in stream water increased temporarily. The concentration of dissbit@d in groundwater at a
depth of 30 m at Iboishi-yama displayed a decreasing trend from 2011 to 2013, with a range from 0.039 Bg/L to 0.0025 Bq/L.
The effective half-lives of stream water in the initial fast flush and secondary phases were 0.1-0.2 y and 1.0-2.2 y, respectively
in the three catchments. The trend for the concentration of dissdN&s$ to decline in groundwater and stream water was
similar throughout 2012-2013, and the concentrations recorded in deeper groundwater were closer to those in stream water. T
declining trend of dissolvet#”Cs concentrations in stream water was similar to that of the loss of cadtpy by throughfall,
as shown in other reports of forest sites in the Yamakiya district.

The 137Cs concentration in suspended sediments showed 10000-45000 Bg/Kg”@sdconcentration in organic matter
showed 1000-12000 Bg/kg. TH&"Cs concentration in organic matter showed declining trend through the observation period
and the trend was similar to that of dissolV&dCs concentration in stream water. In contr&$Cs concentration in suspended
sediment did not showed a clear declining trend in every catchment (before the decontamination works). After the decontamine
tion works in Iboishi-yama catchment, th& Cs concentration in suspended sediment declined largely to 200-300 Bg/kg. The
137Cs concentration in organic matter and dissolV&€s concentration in stream water did not declined largely.

In conjunction with discharge data and turbidity dat{Cs discharge flux were calculated for three components (dissolved
water, organic matter, suspended sediments). As a result, it is shown that more than 98%@stdischarge was due to the
discharge by suspended sediments. It is also suggested that dis$6®@edoncentration have relationship witiCs concen-
tration of organic matter and so it is still important to clarify the proces$@@s migration through dissolved water and organic
matter.

F—U— R BT D L 137 6E, IR, ROCE YD, T, v
Keywords: Cs-137, Dissolved water, Suspended sediment, Coarse organic matter, Headwater catchment, Discharge
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Transport of radiocesium in the Niida River, Fukuhsima Prefecture in 2011-2014
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NAGAO, Seiyd* ; TADO, Shd ; UEMURA, Teruaki ; KANAMORI, Masaki! ; KIRISHIMA, Akira? ;
MIYATA, Yoshiki! ; OCHIAI, Shinya ; YAMAMOTO, Masayosht
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IKanazawa University: Tohoku University

Surface deposition 0f**Cs and'?”Cs reveals considerable external radioactivity above 3000k Biira zone extending
northwest from the NPP after the Fukushima Daiichi Nuclear Power Plant (NPP) accident. Therefore, it is important to elucidate
the short-term to long-term impacts of the accident on ecosystems of river watershed environments. This study investigated tf
transport of'3*Cs and'3Cs in a small river, Niida River running through lldate Viledge, in Fukushima Prefecture, Japan at
normal and high flow conditions during 2011-2014.

Field experiments were conducted at a fixed station (Kinouchi bridge) in the lower Niida River during the period of May
2011-December 2014. The 20 L of surface river water samples were collected at the station using buckets. The radioactivity ¢
134Cs and'3"Cs in the river waters before and after the filtration was measured with gamma-ray spectrometry using ammonium
molybdophosphate (AMP)/Cs compound method.

Total radioactivity of'3”Cs (dissolved and particulate phases) in the river waters ranged from 0.11 to 4.18 Bg/L during May
2011-December 2014. Highest value was found in May 2011. Tétéls radioactivity indicates the decreasing trend with
increasing time at normal flow condition. However the higher radioactivity was observed after rain eventd’ Ghmdioac-
tivity increased by 1.83 Bg/L after the heavy rain event by Typhoon Guchol in June 2012, and 1.68 Bg/L by Typhoon Jelawat in
October 2012.

Percentage of*”Cs associated with riverine suspended solids was 47-48% at normal flow condition in July and September
2011, but after December 2011 ranged from 75 to 93% at normal flow condition and 86-91% at high flow condition due to rain
events. The radioactivity of particulate phase'dfCs ranged from 20 to 42 Bg/g-riverine suspended solids. Rain events are
mainly contributed to the transport of radiocesium in the Niida River.

F—1"— R: Cs-134, Cs-13T& M 1\ b, 0] [ [$&H R 1
Keywords: Cs-134, Cs-137, rain event, riverine suspended solids
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Radiocesium discharge from Niidagawa river basin after the accident of Fukushima Dai-
ichi Nuclear Power Plant
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ICenter for Research in Isotopes and Environmental Dynamics, University of Tsukdépartment of Geography, Moscow
State University?Institute of Environmental Radioactivity Fukushima University

FZA Lttt LOBENE, ZORBAOFERICHT 2BHENZ) A7 281259, WMBRNZRNSH
FFRIE 72 ORI TH % ERERICIZIEHE > LTS RO K2 VRIS EE L, )11 RO A &
AT %, BESEMEIC K 2 ) X7 2R E 2720, WO +ERHICE €755 Cs-137T0OBE O ERINCTHLT % C
EMRETH %, BHEMZE TIEIBEME LS D L ED TR 1 & S OEIMEZ R IR SEfE ORI & £75 5 H
IKEFICEERINCHRHT 5 2 EDME TN TV 5, AFIFETRFTHIREIC B 2 Gt oo Lot zEsb L, 20
WHT O AZASMCT R EEHNET S, LYY L EER{IEDD, 2014F B IHH I FREN O 3 il
SSTHERDYY > 75— < IKBIRE - TR OB Z5%E Uiz, Bl (RS (N37° 38 337 ,E141 00 207 ).
BT FJb (N37° 39 16 ,E140 47 477 ). W'l (N37° 36 49 ,E140 48 04" ) D 3 ch %, fk/fE. HF
Bk, FRCFOSEKIRRHIEZNZF1 281, 151 86 kn? ThH O, Cs-137#HILERIZZNZFN 752, 810, 1462 kBg/hTH
%o THEWY VTSN I E B X Z 2 W ADORETRINL, Ge P&k vy ffiti#s T Cs-137DE B Z{T>
7zo Cs-137iHRHEIZ LD Cs-137REIC, ime TWIREZRET ST L THM Uiz, 100 Cs-137REFfE (3 (Al
BN R, BT AL, BCETZENZEN 13, 14 31 kBg/kgTH -7z, BIEE TICHARGREHIZ LIRS Nah -
Tzo BN D Cs-137HiH EHEEMEIIAETR T 101 Bq DA —X—TdH o7z, TNHIFHNM ARG T2 O Cs-137i/ & IZ
WA A RDB K Z 0.1%DMEICHYS T %, HIKKED Cs-137RHIEZFHMES 57z, 8 H8— 11H, 10A5—8H, 10
H 13— 16 HDRERA N2 MBI BRHBEEFNZ, 0 34\ k TOME Cs-137R HEO BN TD Cs-137
BRI 5D ZEER, I8, BF Rt BETZEREN0.3 0.7, 0.7k, SEKERAVNSWHEIZE, 7
HE— 7T Cs-137H M ERT B T e bbb o7z,

S — R 2 L, G, RS R, YRR
Keywords: Radiocesiumu, River, Fukushima Dai-ichi Nuclear Power Plant, Suspended sediment
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Investigation of the River Particulate Matters in Fukushima and Chernobyl Related to Ce-
sium Behavior
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!Department of Earth and Planetary Systems Science, Hiroshima UnivéBs#yartment of Earth and Planetary Science, The
University of Tokyo,?Institute of Materials Structure Science, KEHpstitute for Sustainable Sciences and Development, Hi-
roshima University?Graduate School of Pure and Applied Science, University of Tsukuba

The behavior of the radioactive cesium (radio-Cs), which was emitted by nuclear power plant accident, was different betweer
in the Abukuma River (Fukushima) and in the Pripyat River (Chernobyl). Previous studies showed that dissolved Cs was domi
nant in the Pripyat River (approximately 70%). Conversely, Cs in the particulate matters (PMs) was dominant in the Abukuma
River (dissolved Cs is approximately 30%). this difference of radio-Cs behavior was related to the blocking effect by the coating
of natural organic matter (NOM) on clay minerals in the aquatic environments. However, the mechanism of the blocking effect
by NOM has not been investigated for environmental samples yet in terms of morphological image and characterization.

Scanning transmission X-ray microscopy (STXM), X-ray microscopy using soft X-ray region, is very confortable to confirm
the blocking effect by NOM. However, STXM had not been installed into synchrotron radiation facilities in Japan until 2012,
Therefore, compact STXM (cSTXM) was newly designed and developed at BL-13A in KEK-Photon Factory (PF) until 2014. Its
size, similar to laptop (A4 paper size), is much smaller than conventional STXM (Bruker's STXM). Piezo electronic driven stages
were installed to all axis stages in the cSTXM. This system can be fast and precise sufficient to control the nano-scale imaginc
As to spatial resolution using 30 nm outer most zone width FZP, we can attain resolution about 37 nm at sample measureme
position. All detection was conducted by counting system using avalanche photo diode (APD) or photo multiplier (PMT). Soft
X-ray region allow us to measure the light elements such as carbon, nitrogen, and oxygen.

As to samples, suspended water was collected from in the Abukuma River and the Pripyat River, which was filtered initially
by 3.0um membrane filter and subsequently by .48 membrane filter using a pressurized pumping system. Finally, fine PMs
(>0.45um) were obtained by this filtration. Before STXM measurement, these PMs were dispersed into water by supersonic
wave for 5 min. The water droplet including the PMs was dropped on a 50-nm-thick Si3N4 membrane and air-dried. In addition
to the sampling, the concentration of dissolved organic carbon (DOC) was measured in these rivers. In this study, we analyze
these PMs obtained from the two rivers using scanning transmission X-ray microscope (STXM) to investigate (i) the chemical
distribution images of NOM (mainly composed by carbon) and clay minerals (mainly composed by aluminum) and (ii) the func-
tional group images of carbon. In addition, (iii) the characteristic of NOM was measured by STXM-near edge X-ray absorption
fine structure (NEXAFS) extracted from target area of NOM adsorbed on clay minerals.

Two distribution images (carbon and aluminum) showed that clay minerals were covered with NOM in the Fukushima and
Chernobyl samples. By functional group mapping of carbon, it was found that distribution of each functional group was similar
among different functional groups (e.g. aromatic, phenolic, carboxylic) in the PMs obtained from the two rivers. NEXAFS
spectra of carbon were also similar to all samples, suggesting that humic substances (mainly composed of humic and fulvic aci
are the main cause of the blocking effect in these rivers. Based on these results, it is suggested that the blocking effect cou
occur in the Abukuma and Pripyat Rivers, which is caused by humic substances covering with clay minerals. Therefore, it is
concluded that the degree of the blocking effect by NOM related to radio-Cs behavior was dependent on the concentration ¢
DOC in the river (in the River Abukuma: 0.9-1.3 mg/L, in the River Pripyat: 18 mg/L). In addition to the studies on the rivers,
investigation results for PMs obtained from Fukushima pond (DOC value is between the Abukuma and Pripyat Rivers) will be
explained in this presentation.

F—T— R RGNS, W)1IRi5, CsD2F), EREE X BB, ks, 7L/ 71
Keywords: Natural organic matters, river particulate matters, Cs behavior, Scanning transmission X-ray microscopy (STXM),
Fukushima, Chernobyl
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Identification of radioactive mlcropartlcles in the vicinity of the Fukushima Dai-ichi Nu-
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!Graduate School of Pure and Applied Sciences, University of Tsukuba, JApeteorological Research Institute, Japan

The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) disaster in 2011 discharged a large amount of radionuclides to the
environment. Previous studies already disclosed the source term and inventory of radionuclides. However, physical and chemic
states of radionuclides in the environment have yet to be revealed. Numerous environmental samples have been analyzed to
vestigate distribution of radionuclides by digital autoradiography using an imaging plate (IP). These studies pointed out that the
spot-type contaminations were appeared and very common not only for the samples collected during the early stage (collectin
until April 2011) of the FDNPP disaster but also for those collected later. In the FDNPP disaster, major forms of radioactive
materials have been assumed to be gaseous. This is because the disaster underwent no reactor explosion nor fire of the rea
core, which is quite different from the situation in the Chernobyl NPP (ChNPP) disaster in 1986. In addition, it has been revealec
that the emitted nuclear fuel (uranium) and 90Sr was very low. Therefore, elucidation of the cause of the spot-type contaminatiol
is crucial, which could contribute to know about physical and chemical state of radionuclides in the environment, as well as dis-
close their release processes from the FDNPP. Present study thus aiming at elucidation what makes the spot-type contaminati
in the IP analysis.

Surface soil samples were collected in the area about 20 km northwest from the FDNPP in June 2013. Spot-type contam
nations were detected by IP analysis. Then, the radioactive particles were isolated by repeated sorting process and measu
by the~-spectroscopy with the high purity germanium semiconductor detector. The particles isolated were finally observed by
SEM-EDS to determine the elemental composition and the morphology.

So far identified are four particles, and determined radionuclides-$pyectroscopy werE4Cs and'3”Cs. The morphology
of the particles exhibited two types; spherical and fragmental. Thus, the spot-type contamination was characterized as due
such specific radioactive particles. The particles consist of Si, O, Zn, Fe, etc. and Cs (of which activity matched with the results
by ~-spectroscopy) were also easily detected by SEM-EDS, suggesting glassy molten material. However, other fission produc
were not found in the particles. Tremendous amount of radioactive particles were collected around the ChNPP, and they wetr
termed hot particle. Dominant components of the hot particle are nuclear fuel and typical fission products’$8ch @& u
as well as'3*Cs and!3"Cs. In contrast elemental composition of the present particles were dominated by Si. Uranium was
found for only one of the present particles, but its concentration was very low and localized within the particle. In conclusion,
characteristics of the present particles are quite different from the Chernobyl hot particles, but very similar to those reported fol
the particles isolated from HV filter samples in Tsukuba (Adachi et al., 2013, Abe et al., 2014).

F—T— R RS IR, BERERRL 1, s, FINALE

Keywords: FDNPP disaster, Radioactive particle, Consist elements, Isotope ratio
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Desorption behavior of cesium (133 and 137Cs) from the clay minerals distributed arounc
the Power Plant
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DRGHEYIE D EFEENC U E Nz S N2 EE O T, BEHE & EEE 5, FRELO TEE RO
FARFERIEHEMEE S T L (Cs) TH B EnbNTWa, FFHEIOIAHIF TR Cs M T ERE ORI EICIRE L
TWVWBZ EMEREINTED, TEBIGEENICEEN TV AEIRE LIV CsD TR D IAR A L fEREIN TV 5,
BEEOHEIIMEEEHEASZRS L LTED., ZORLERY TH 2 ERM LI TH B AA T ZA b, N—ZFa T
A b, A T4 FOEFEIEMERIN TV, IR LIS EIROF G2 R > TH 0. BEICHF S NS5 4 I3A
TWHOREA A > EZWARETH B, CsHE TN OMLIYINOBRIEDFRICE W2, FFRERIC K D SNz Csid
JERKE TSR D JERNCREICFHEF SN TV B T EDNTFREENT VS, UL LIBIKRT O TERG A 4 VDN i cH 5548,
TRENCARFFE NIz Cs+TH > TEMDIGA A > & DAZHUT K D CsHITAEMIT ZTREMD B 5. EIRFUT W TR TR+
g 2 RERKIE FHRG A 4 R ITIBE TEHEA TV S, LIeh > TRIRO IS LT BEHE Cs+y KAREREIIC
KHIT % T LRSI NG, BREITICET 2 UE CsDBREDHfIC X, KATEN D DO FEER A 4 1 X % Csiali
ZEEOMENNETH %o AT EERE —FHRELIC 4T 2 L8 LR VT, TEFA A (Na+, K+, Mg2+,
Ca2+, NH4+, Lit) INIMC K % Cs OS2 R/RMICGET 5 2 & 2 HINE LTz,
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A—=bIIX T T 41K B REUEZEZRR L TR I D CsWhas 2B D it
A study of Cs-adsorption behawor of clay minerals using autoradiography and consider:

ing the actual environments

INEL R by R RS R R 2 HE AT L R BEOREH 2 e A1 2
KOGURE, Tosh|h|r6* : MUKAI, H|rok| L+ HIROSE, AtsusHi ; MOTAI, Satokd ; TANOI, Keitaro® ;
NAKANISHI, M.tomok02

VUK KAABEBRARISERL, 2 UK KA A an kb 2Rt
IGraduate School of Science, The University of Tok§@raduate School of Agricultural and Life Sciences, The University of
Tokyo

BEFFHEHIC X O B ENTZGHE CsD BB RORERIAS NICT 5 T2 DL ITIEM TN TV A D, R
FICHETE CSMED K S ITFEL TWVADONEWNS S VO AT Y 7R LN)VOMEKTIZH F DA TOERV, Falfkk
BREHRZ IPEH WA — RS VXTS5 T ¢ L EFIEMEEIC X 22 A S DY HEITHESHE: CsZ2WE - EE LT
WA MLV O BRI T RTINS LIk D, ZOHDE L DEDIE T OHIOME T H % IRt S I kS
% AL ERZER} (weathered biotite TH % C & &5 L7z (Mukai etal., 2013, —/7. FERZETD Cs DR HFNFEA DI
EEBROMEETIE, BLRERND ZWVIEN—IF 254 MAOTEREIMMOIEIN LR TRANCE < RN T EAURE
NTWVs WA http://reads.nims.go.jp/ T DEVDFEIE, fEEDFEEROEGIIH— DI & 1K & DR DT -
KRB DT, o b EMBERICBIZNA 2T 2 v VEBRNMZHE L TWVWD D EEZEND, ETFHEOER
FHEBRETHEET 372012, SO T sub ppmL NIV OWEEEBRZ1T S DD %, F T THRALZ. BEHER
17t (Cs-130 L IPA—FS VXTS5 T ¢ VT, MR kST ERY R [FRFC KL O Cs-13TATRNIZIE L, ED
FEVIREIC R CsM K K WG S 5 DM \To, ZORH, WIS TERIU 72 BULRERD, fthoks Lo (R Ciiugo
AEfbORER, Er®VBAFA M, 4594 NaOLTF A, AFVF A, 7O Ty, AEITAME ITEHXT
WiHTL LD CszWFE « BETAHTENHSN 5Tz, FHERMETHORS LI Uiz Cs-1378, KFE DR
e & HICHFTBRERERNCBEITL T EBHREB LN, O L3 REDEEICH T ML Y Lo~
L E TS L TOBABEND S %,

F—U— R WEEFERY, B L, R, BUEERE W&, A— S VAT T T ¢

Keywords: Fukushima nuclear accident, radioactive cesium, clay minerals, weathered biotite, adsorption, autoradiography
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SR-1 -XRD 7% FHU 72 #id S iR S8k O FEPa Tt _
Characterization of mineral phases in radioactive particles collected from Fukushima con
taminated soil using SR-u-XR

a7 U LRe L R E 2 KR AR 2 M EAE 2 T SRZ 2 B TR L gt sEh

JCsE BERH 3 5 /e figfd !

MOTAI, Satokd* ; MUKAI, Hiroki ' ; WATANUKI, Tetsu? ; OHWADA, Kenji? ; FUKUDA, Tatsug ;

MACHIDA, Akihiko 2 ;: KURAMATA, Chisaki' ; KIKUCHI, Ryosuké : KIRAZAWA, Hideaki?® ; KOGURE, Toshihiré

VTR ER AR BRI SR, 2 FARJE I WSE BT, 3 W - MORITST RS
IGraduate School of Science, The University of Tolddapan Atomic Energy AgenciiNational Institute for Material Science

BEHE—FREN TR E NI BEHEEO TR TE, FRIOEWIGIEE Y V7 L (Cy) DEIESHREEETH 5,
R IZBNEED S, TP TR LIS CsZRE LTV EEZ SN TWASM, FIHEPO CsE/RIZIE
WNE WIS, BN K BWEE DR EIZEA THED 5 T BIARLEA A=YV 7T L—F (P) ZHW =
F—=RITVFTTT 4R EICK ST, B Cs WS LT W3 HEHR OB+ um OfEHERL 2 55E L. SEM-EDST
ZDIEARZFINTz (Mukai et al., 2014, ZOAEHE, 1) JBULIRERE 2) Sl ks IR TR E N 5 HIEFIRL, 2 LT 3)
ARSIk 172 B O E IR 72 ENMFEET 5 T eSS IC K 572, LA L, SEM-EDSZU TIEZ DFiYI2A
RIS B RV, Z T C SPring-8D & WL 7 i NI X BRIET (SRu-XRD) 12 &K - T, Shir&HE
K9 B HEP)OZ DR 2 S T Lz,

IPA—btF 4557 ¢ TREIN, SEM-EDSTaHli L 72k 72~ A 7 al—RIc K-> ThH T b #l
DY NHERE LT XRD JIEZTT o 72, HIE SPring-8D BL22XU T A 72 HfWVWT, AV w b T40% L <& 60umic
o7z 15 keV (A= 0.8273A) D X #p7 U TR FICHES U, B ICEARZ 180° [mlisX &, [/ 8% — 2 24 IP
Tiddk LTz, I/ NT 2 02— LRI R OBE 2R L, 1 XcoBi N2 — 2 %1%z, SEM-EDS
Mo EULRERE# Z S NIEHMER ) 513, BfEREOET SZ— a5 N, FHCEA OfEIC LV ~10 A D
E—IhWR6NZEDR, FARICIRAN~14 AR~7T ADE—IUNRLNZEDERENDH D, HLkmN\—ZIFa251 M
RAFV F A MEDBFEDRUL RERDFET A EWHL M o Tz, £l NS DR FD Cs-137TDHHEZ IP A —

FIIXTTT 4 DRENENS BRED D FD XRD /8Z— LR UTH, ISR SN o, £/22) DL
BEFIRL & Z 2 5N B XA 7 I2iE smectiteDBIRD AT/ 82— RS R 7% 5 T2, 3) OBEKEMID EED X A4 7 Tldkh
TIPSR OB R T B DRED S R WAL T RS Nz,

F—TU—F: MEFERRER B Y L, A= I I T T T 1 R, BUE R ZERE, SR-p -XRD
Keywords: Fukushima nuclear accident, radioactive cesium, autoradiography, clay mimerals, weathered biotite, SR-u-XRD
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Eﬁlgﬁ%lp F=brIIFXT 5T 1 AT BB RN R OBt > T LDy
L',:

Distribution of radioactive cesium in contaminated Fukushima soil particles using FIB
and IP autoradiography

A e s #E I L  NE i L
MUKAI, Hiroki 1* : MOTAI, Satokd ; KOGURE, Toshihird

VR AR A A R R
LGraduate School of Science, the University of Tokyo

O AZ SRR L2 LTzA A= 7T L—bk (P) Zffi>7cA— bS5 UF4 757 ¢ LEFHEMEHEMEHAED
BB LICKD, RBRTHRINE NG R ER OSSR 72 55E L7z (Mukai et al., 2014. 215 Ok 11
BEXZET p mORKEXTHZH, EoIhFHOBGEEE Y LOSHZELMCT S Lk, tHPTtovs YL
OFREICDONTHER D ETEETHS. LL, IPEF—bTFIFTTT 0 OZEMBIREEZE T E . mTHD, T
NTRRTFHOBMNEED D AE RS T ENTERY. ZTTHEAR, IPA— IIFTI5T 0 IMATHERAA E—
L (FIB) IC XA CHEffiZ W3 ic kb, HERTFHOBEEY S LM ORI REh L.

Mukai et al. (2014DFEFICIED E, (1) BULEER}E, (2) SRR 72 5 SEHRLI T, (3) PRHIRS Tk OREAD 3 &
FHDORGHE TR IS OV TN 21T o /2. £ FIB ZFHWV TEHIRDJE(E RERZE u m DL DD/l L,
EHWIPH = IV TTT 4 TKPITELXIRA 7O 2 L—E B> TTNSDO/Ny 257 ek 0w L
. A—=8ITVFT5T 0 DFER, TNETRXTONTH SRGHED B E N, igHEE > AR L RER ORI
FIEFHEICOM L TWA T &R LTz, TS S Y LGN, BULEERNCHE U 2B R D2l %8 >
T, FERNEIANIZE LTz EEZ NS, —)TAKR TR, FRICESNTZWDhO/NTDS BT Hh 1, 2D
INEDBDHEEZ & > Tz, Thbbe Iy AIERK FICB N TIRREELTED, BSNIZIh o8 Bk
HELTWREEZLNS. BREBICKHTIYMORERICONTIRIP LA 70 a L—2EBH0THRE « HiEs
To. FORER, 2L O/NTREEER R L, BEHEE S LT ORFHICBENTIIIEL ML TWAE T 2R LTz,

F—U— R JBCRER], \BEFERY, Mttty Y L A= S VAT 5T 1, FIB
Keywords: Weathered biotite, Fukushima nuclear accident, Radioactive cesium, Autoradiography, FIB
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g)é)r%;lfﬁgj)%ﬁiﬁ%:ﬁ ) 2T TTRENE Nc Ptk HIC &G N2 e 2D L

e FEEODH!

Measurement of radiocesium in spare seawater samples collected in marine monitorin
for the Fukushima accident in 2011

HEA HE— B 1 LEE TEAR 2 0SS RS B R B L e !
KUMAMOTO, Yuichiro'* ; YAMADA, Masatosh? ; AOYAMA, Michio ® ; HAMAJIMA, Yasunori* ; MURATA, Akihiko ! ;
KAWANO, Takesht

UHBRCERITFERFERAE, 2 SARTRE, 2 BN, 4 BRORE

LJAMSTEC,?Hirosaki University,>Fukushima University: Kanazawa University

20114 3 HICRE LIcmEH— IR FEEr (FNPPD HHIC X O, HE LS FRh S > o L2 ST
YA E Nz, TNETOMIICK D, B ENREHEL S 7 LDZ O IR ERCBIT LT
EMMEEEINTWVS, LA L, TOBITBRNOBIT UIREOHEIZZ I HIcHLEMTE> TRV, ERIFEE
&, FNPP1/H 5#) 30~50km BN 7z i EHHEIC B8\ T FEEZ D 20114F 3 A 23 HA S ZEMliE. KR5X A b N UiE
KD E ORREE ZtE Lz (MEHKE= 2D V7 Do ZNHGHEYE Bttt L, BOHEA ha v
Fo L, BEMEIDR) ORERERIZ. T TITHBREE X O AEIN TV (20134 4 ALK E - HRBIZESD
HPICTABD ., LA L. HHRFEICHIST 37002 M0E MHKE=21) V7 | Ic&k>TELNET—ZIE.
SN Y E O EREE R C ORI 2 #iR T B 72HICd. RULT TR LR EZ KWV, > LDV T
. 20114F 7 A & TRIBMR51E (EREHEE) ICX2HE ULMFEBENTOERY, ZD7z8, ZOUFKHMOEREHZUH
WK R L 20114E 5 A B 7 HICHII Tid, ZEAEDT—2M T R T EMEINTHY, ZOWRITO
FNPPL/» 5 #) 200kmE N OMME « SV EEEIC 350 2 et o L EHmIEE 5 I s > Th R, 20114 07
B MWEEHICB TS TERE=2Y 27| 1k ZO—50 () MrEmseia 7 ik (JAMSTEC DOFiEMiHc X > T3
fEE NTzo FIEC 38U 2 i KaRI O EREURE, ANHIDOFHEEICfi 2 5 7= DI PR DK & b THRIE Nz, HLIZTD
[ FAwiEkadfl) 2 JAMSTECK DRED =2, ZOHICHEEN TV BB > D e @i R A K> THE L.
CNETT—ZDZEEAFATH 572 2011E 5 AL S 7 BICBI 3 EH L L (134Cs & 137Cs) Dtz S M L
TeDOTHET %, [Fliwlgkidkl (&, JAMSTECOFHEMNC K % 7 HOBINIHE CHELE Nz (YK11-E02. NT11-E01
YK11-E03. NT11-E02 MR11-E02 YK11-E05, KR11-E04, fRHUCIZ= A F VEUKSEMDER N, T PmEKaR &
%10, 5 LLIE 20Uy MIVEIRENTZ, ZNHD 5 B, 4ffiilEy (YK11-E02, NT11-E01 MR11-E02 KR11-E04 O
FEHCDWT, ZRFENTY VBV T TFUET VB LEIC K > TEME L. JAMSTECTS DI 7T R U IR KA L)L
TR REFBR AR DAL/ Ny 7 75 >~ R Ge &SR 2 WV TR E >0 LBEZRIE Uz, EfEaTE & E 72
WU TELNTEINOANHENZIE, 8% ThHoT, 5H LA, FNPPLYSDIHERIKOERRA (4 H LA) ICHkT %
EEZBNDERE (500 Bg/nt LLE) @ BiCsZzZ T RmiKIE, SR O = IR RO A 50km BN TEIE
Niz, THUE, FNPPLEFHICHUH S Ntz BACsA FILIC H T 2 WSROI RIS > T > 7Tz D EEZ BN,
—J5. FNPPLA 5] 100kmifi& O JbkE 37.58/54E 142210 1 Bl TH ERED BiCsHMEIIE N TE O, Hil
R 9™ 2 R HBRIC X o T BACsHHIRICHRICHED o F- T EWBIRE NIz, 6 H FANCIE. #E B 50km BN T
BACIREIXMK R Le—7 . SIREKIIMIEED S SR BIC £ Trdticiih> 7z, & 51 36.5~37E Tk, 9<
P2 BE % Hillin & 119 A K 91, £ 200kmifa (B 142.5/ i) X T 34Cs @i E/RMNRRIRICHITIED -
TWee 6 HICHIIENIZC O « FEERANOKE HPEKIE. 5 AR E TRIBEMICIEE L TO BB SE DN < iz
CTLICKBWENHREINS, 7TH FAICES &, FNPPIOEEEHE 2R &, @iEE (500 Ba/n? DL E) @ 134Csld
WBE L BEMHESOERI/KTORE N, T, O E ClciEiukiisk 34Cs Z TR /KD T EER A
200kmENCEAT LT E 2R R LTV, Tl ShEMEEED DHEE X N TERKHRBE EE > LORREIC
DWVWTEHLERT S, AZEE. ISPSEHIE 241100050 Bk % 5217 7=,

F—U— F: WEHE T IREA R, B Y L, e =2 VT
Keywords: accident of Fukushima Dai-ichi Nuclear Power Plants, radiocesium, marine monitoring
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BOENHFEIC K 5 S EFEERIC X 0 i E N7z 134CsK T 137CD i [k U1 >/

N MVABED . . .
Estimation of total released 134Cs and 137Cs derived from TEPCO-FNPP1 accident int
the North Pacific Ocean by

FERG ORAE 1 L ER 2 PP AR O S K 2 R L
INOMATA, Yayoi'* ; AOYAMA, Michio ? ; TSUBONO, Takaki ; TSUMUNE, Daisuké ; HIROSE, Katsur

VY O7 R&IERMTE > 2 —, 2 @ERY, 3 P Imgein, 4 BRI
! Asia Center for Air Pollution Researchrukushima University’ Central Research Institute of Electric Power IndustBophia
University

R H— 53BN (TEPCO-FNPPL) S & N7e NS ERME (13Cs, Ty /o 2.064F 1 137Cs Ty /5 30.074F) O
MRS BT B0 & Z ORMZ L%, FodPNEZE O TR Uz, fRFTIIRIE . AN TGS RRR RIS %0 2011
H3HAMS 20115 HX TTh S, fRHTICIE, S PHEHFICBVTARINTVE IR TOT—2ZMH LTz,

AN TSRO E R DD - 72 3 H FaJ—4 H AN T, TEPCO-FNPPIDIREIRIC I % 134Cs U 137Cs
BEIIERICEWVMETH o7z, BICS KT BTCs D EIE. JbkE 40 FEhaZHuiic, HFf 165E i X THEE 1
TWLETFDHSE MRS T2,

BOENIRC K B RN IO THEE U2 JECERIC BT % BCsDA XY b Ik, 15.2+1.8 PBqe fiEE SNz, &
Too DS BYINITHHYE T B 8.3+1.8 PBgh'. TEPCO-FNPPIAFES (<Hifk 141.58) IC/707i LT e, HBIEND 137Cs
DEHERHEEND 3.5£0.7 PBq (Tsumune et al., 201)MEETN TN &M D, BIENOEZFHRICIA T, Kb 5ifE
FENDRE FEMNRFEEHDA VAR MJICEFELTWVWEEDEEZ 5NS,

KB E RS L Uz 4 H 6 LA, 1BACSHURBEIFFY 4.2 H O R O CHEEEEmIc i LT,
20114F 5 HHANCIZH 240.4 PBic ik L Tz T EDMEE S iz,

TEPCO-FNPPEF M LLRT DL A RIS I % 1B7Csid. 195048 —60 D KR KRB EBRHKDOEDTH D |
ZOIFFEEIZ 69PBQTH > 1z, 134CsiFZ DYMAN W\ T & 6 KB EBRHROFEE RIS TDr e D L&
Z6N%, WEE R TIIFEID S KGN CHEHEICHRE T Nz BICs3TCst 1 Th B T &, TOMEIFRIEL 1A
HIEERHRIC X 28 NNEAR LD NG T-C B, TEPCO-FNPPEN 5D 134Cs & BTCsDHEIZIZIFH LV &
EZDHTENWTESL, TNHDT LEEET S L. TEPCO-FNPPERMIC X - T dJELAEED BTCsDA >RV RV I,
H20%tmLzt o LHtEE Nz,

F—U— N WEE T IFEER, 134 Cs, 137 Cs, LR, BaldNfiL, 1> kY
Keywords: TEPCO-FNPP13* Cs,!37 Cs, North Pacific Ocean, Optimal Interpolation analysis, Inventory
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G IEH%%{%E&‘%W% R D 18 S YR PRI C D 7S DU T
Modeling dispersal of land-derived suspended radionuclides in the Fukushima coast

HIPE BRSPS U S M 2 S R S = sk
YAMANISHI, Takafumi'* ; UCHIYAMA, Yusuke' ; ONDA, Yuichi? ; TSUMUNE, Daisuké ; MISUMI, Kazuhiro®

VRE R, 2 PCET AV b — T BB e 1 > 2 —, 3 B g

IKobe University,2University of Tsukuba?Central Research Institute of Electric Power Industry

Several oceanic dispersal modeling have been conducted on dissolved radionuclides leaked at the Fukushima Dai-ichi Nucle
Power Plant (FNPP). These models normally consider scenarios where the direct release of radionuclides from the FNPP at
atmospheric deposition as the secondary source. In the present study, we view freshwater discharge from the rivers as a missi
piece for the inventory of the radionuclides in the ocean. The land-derived input introduces a time lag behind the direct releas
through hydrological process because these radionuclides mostly attach to suspended particles (sediments) that are transpol
quite differently to the dissolved matter in the ocean. Therefore, we develop a sediment transport model consisting of a multi
class non-cohesive sediment transport model, a wave-enhanced bed boundary layer model and a stratigraphy model proposec
Blaas et al. (2007) incorporated into ROMS. A 128 x 256 km domain with the grid resolution of dx = 250 m centered at the FNPP
is configured as a test bed within the existing dx = 1 km domain (Uchiyama et al., 2012, 2013). Three classes of sediments, viz
fine sand, silt and clay fractions, are considered here. The bed skin stress is evaluated by a combined wave-current stress mode
Soulshy (1995) with the wave field computed with a SWAN spectral wave model at dx = 1 km embedded in the IMA GVP-CWM
wave reanalysis. A total of 20 rivers inclusive of the 6 major rivers located in the domain are considered as point sources of the
sediments. The daily-averaged freshwater discharges from the 20 rivers are evaluated with a surface runoff model HYDREEM:
(Toyoda et al., 2009). Sediment volume fluxes from the rivers are then calculated with an empirical L'-Q’ (discharge to sediment
flux) relation proposed by Takekawa et al. (2013). Fraction of three sediment classes in the riverine discharge is determine
empirically based on the outcome of a USLE-based river sediment modeling conducted by JAEA.

The developed model successfully reproduces the dispersal of the land-derived sediments and their recirculation process
associated with resuspension and deposition in the Fukushima coast for 4 months after the accident. The discharged sedime
can be transported about 50 km from the shore with prominent patchiness of deposition and erosion near the mouth of each rive
For instance, the offshore region of the mouth of the Niida River is evaluated to be erosion dominated, consistently with the
measurement. Misumi et al. (2014) estimate suspended 137Cs concentration in the bed with considering static adsorption al
desorption of 137Cs between the seawater and the bed sediments based on the dissolved 137Cs model result of Tsumune e
(2012). The inferred bed 137Cs agrees well with the observation in the shallow area, whereas substantially underestimated in tl
offshore area at depth deeper than 200 m. They attribute the reason of the underestimate to the 137Cs due to sediment transj
that is omitted in their model. We carefully diagnose our model results and find that although the clay-class sediments reach th
deeper area, the time-integrated deposition is merely about 0.002 kg/m2 that is considered to be a minor fraction. Therefore, it
suggested that detritus and debris of organic matters rather than land-derived minerals likely cause the offshore 137Cs depositic
We further examine nearshore dispersal patterns and quantify the inventory of 137Cs attached to the sediments originated fro
the land by applying the empirical power law for 137Cs concentration as a function of specific surface area of the suspende
particles proposed by Onda et al. (2014).

F—TU— R KRB EEAE TV, e 2D L 137, 2B AT ¢ 27, ROMS
Keywords: multic-class sediment transport model, radioactive cesium 137, multiple nesting approach, ROMS (Regional Oceani
Modeling System)
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S —FFERIUC K D U & N7z 134CsE 137CDILATREIC 1T 2 KIE ket
PGS K UBE A o . . :
134Cs and 137Cs in the North Pacific Ocean derived from the TEPCO Fukushima Dai
ichi Nuclear Power Plant accident

FHiGER o S EEL 2 Hult MikaelP ; AR Y60c 4 ; [ SERER 4 ; EE Kl 5 ; BEAS IE—BRE 6
AOYAMA, Michio * : HAMAJIMA, Yasunori? ; HULT, Mikael® ; UEMATSU, Mitsud* ; OKA, Eitarou* :
TSUMUNE, Daisuké : KUMAMOTO, Yuichiro®

LIRS KRB RERTZET, 2 SR KK L)V RE SR ERtiRY , >European Commission, Joint Research Centre, Institute
for Reference Materials and Measurements (IRMNK 5URZEKGHFERTZERT, 0 58 1L BIFFSHT, © HETETs BRFE RS

nstitute of Environmental Radioactivity, Fukushima Universitypw Level Radioactivity Laboratory, Institute of Nature and
Environmental Technology, Kanazawa Uni¥&uropean Commission, Joint Research Centre, Institute for Reference Materials
and Measurements (IRMMCenter for International Collaboration ,Atmosphere and Ocean Research Institute, The University
of T, Environmental Science Research Laboratory, Central Research Institute of Electric Power IPBesegrch Institute for
Global Change, Japan Agency for Marine-Earth Science and Technology

We collected 2 - 10 litre surface seawater samples at more than 300 stations and water column samples were also collected
24 stations.

The measured 137Cs concentration in a seawater sample at north 5 and 6 canal of the FNPP1 site reached 68 MBgq m-3 or
April. It decreased to 1000 ? 10000 Bq m-3 during the period from August 2011 to July 2012 which means that direct discharge
rate became very small, about ca. 100 GBq day-1. After July 2012, the activities of 137Cs in surface water at near FNPP1 sit
were still kept around 1000 Bg m-3 which corresponds about 10 GBq day-1.

After the FNPP1 accident, both 134Cs and 137Cs are observed in a wide area in the North Pacific Ocean and 134Cs activi
and 137Cs activity ranged from 1000 +- 71 to less than 0.4 Bg m-3 and from 1080 +- 60 to 1.2 +- 0.2 Bq m-3, respectively.
A zonal speed of FNPP1 derived radiocaesium in surface water at mid latitude in the North Pacific Ocean was 7 km day-1, ¢
cm s-1, until March 2012 just after one year the accident (Aoyama et al., 2014). It after March 2012 till August 2014 was also
estimated to be ca. 3 km day-1, 3.5 cm s-1 which showed apparent decrease of zonal speed. In 2013 and 2014, a maximum
Fukushima origin 137Cs activity in surface water was already close to pre-Fukushima level and observed at the eastern part
the North Pacific Ocean.

Until the end of 2011, a main body of Fukushima derived radiocaesium were existed at surface mixing layer, however, aftel
winter cooling occurred subsurface maximum of Fukushima derived 134Cs and 137Cs due to subduction were observed at abo
300 to 400 meters at 35 deg. N to 40 deg. N along 165 deg. E due to subduction. Southward transport due to subduction wz
also observed at 24 deg. N, 165 deg. E, too.
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i IR K O 2 D E R IR O HEREYIIC B1) % f8 B Ecii Cs-1370D 25 5%&
Temporal change of Fukushima-derived Cs-137 in the sediments in the waters off Fukush
and nearby Prefectures

HNES E&E T &l Kl b e |2 L Bl — 1 iy B!
KUSAKABE, Masashi* ; TAKATA, Hyoe! ; INATOMI, Naohiko' ; HASEGAWA, Kazuyuki ; ISONO, Ryosuké

(R e YIRS RS
!Marine Ecology Research Institute

ST FRERFRIC K DEFEICE 5 E N BTCsid. ZOKI/MMEHENR & HICHME NN B/ PEISHEIE
. 4, FRFEX D 30 kmBESTE 200Ba/Li < £TZORAIE EF U, DRIFFEBEIRINCK R L7z, UL, i
JEICHERE L 72 137Csld, MK EDADZ RET. TONM/ 2 — 2 R OFAEZLI R SR R O BRI 2 & i
IR B 7o ISR A - WISt 2 ki d 20 E DD 5, [FAIFIC, HHFERBEOREFHNCIE, T ORERYIZLOR
MR RS Tx %o HEPFAEYIBRESIZE AT FHUERR K O . SCARAE BUHEREFIRIHIT) OZFEHREO—REL
T, SR B SO TREHEDE= 2 ) VT 217> TE Tz, ARKRTR, WBEMEEYICHDSE=XY »
THERZ b LI, MmISEFEFRHRO BTCsDmOBLR & Z ORFZL, IS TN ZHE L TV A ERZHITT %,
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