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Il ntroducti on

The Great East Japan Earthquake occurred on 11 1
Tokyo EPeweri €ompany's Fukushi ma Dalieiacvhiin gNuac | lea
damage t o t he FukusHdi mactPired emmbtieei alRs have b e

environment whi ch cDwmé dtrao rtothe ca mti mea tli aamd .o f the 1| a
reasons, more than 160, 000 prefect ur2a9 0 0r0e sriedseindt es

have not been abl e t2dS erpe tenrbackt Hyoeneer, s aasf toef?f. 2tOh2e d i

In order for Fukukima Prefecture to recover from the severe and unprecedented nuclear disaster
and create an environment where the residents can live with peace of mind in the future, the
prefecture decided to cooperate with the International Atomic Energy Agency (heteximaferred
to as the Al AEAO-eyel wbleagehated knovdeddmindyworldwide experience.

In December 2012, a memorandum for cooperation was signed between the prefecture and the
IAEA.

Based on the memorandunmhe Practical Arrangements édhr e af t er referred t o
relating to the fields of Aradiation monitoring
parties on the same day (projects based on s arer ef er r e dFCRs;0 Fukaushimd
Cooperative Project) .

Subsequently in Aril and October 2013PA were signed for five projects (hereinafter referred
t o RIRs; Fukushima Initiative Projegdt) as descri bed below in a new
projects would be supported by the IAEA for three years, and the FIPs stamtagril 2016, they
signed PAs for revising® the scope of cooperation amektending theduration of theFIPs. It

continued until December 201(7her ei naf t er prewoliseProjegid t o as i

o Scope of cooperation for the previous ProjéEtom April 2013 to December 2017%)

FIPL Survey of radionuclide movement in river

FIP2 Survey of radionuclide movement with wild

FIP3 Countermeasures for radioactive materials

FIP4 Devel opment of environment awa lmaipmg ngu rt vee yhe

FIP5 Study of the proper treat ment of waste co
solid waste incinerators

The outcomesof the previous Projectwvere summarizedin the report onfiCooperation between
Fukushima Prefecture and the lIAHE SUMMARY REPORT (2013 to 2017) [Fukushima Prefecture

!'The owner of the Fukushima Daii chi Nucl ear Power f
Company to Tokyo Electric Power Company Hol dings, [
2Steps for Revitalization in Fukushima (ver.31. 2; [
(httpw: pfreftw. fukushima. |l g.jp/uploaded/ attachment/ 5:¢

®Revision of the scope of cooperation for FI P1~3, !
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Initiative Projectsto in March 2018
Howe weermedi ati on ofi hhéehenPrebemeéente
of the proposed projects required

| AEA to exfendDebemPAT 2017
Projpoéct

was hal fway
f uargtrheeerd swiiptpho r
ufmteirlei Dad ¢ mmeiir e 2 2 €

o Scope of cooperation for this Proje@Erom January2018 to December 2P2)x

FIP L, Sufrveaernyd evaluation of the effect, of radoc
based on the continuous monitoring
FIP2 Survey of radionuclide movement wi t h

wi | d
FIP3Sust aioamtil er mé¢ asawdrn @esacti vef rmashewa tad rs

synst em
FIP5 Study of proper treat ment of waste contai

The outcomes of the previous Project and this P

“*The previous report is available as printed mater:

(https:// www. présecuRO8S8hi maakgmmapr y2017. ht ml)
"Revise the scope of cooperation for FI P1~3, 5.
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1. FIP1: Survey, and evaluation of the effect, of radio caesium dynamics in the

aguatic systems based on the continuous monitoring

1.1. Abstract

As a resul't of the Fukushima Daiichi Nucl ear Po
materials were released and deposited in the Fu
i formati on for t he safe use ofesrtiivgeart ew attheer diynn

di oactive materials in river s ycsateesmsumcrechttraateda s

>S5 9 oS 09

rivers over time by the model simul ations, st

0 -
-

efecture. Sureeysnobushendpgdamaeas e mes ocl ovneddu crtaed

—t

e Abukuma River system and in major rivers of t
21 showed that the suspesdaemhc amtdr @t iscmd vedn tr ian

o N

ebneyond ten year s after t he accident . I n addi
cia® s wa @ affected by t he presence of dams an

=

tchment . Even ctaktecwc@omceher ataido ms t ends, tsoo nmkec I

c 2 9 < O =T

n O

spended sedi ment sampl es showing an extremel

vestigation was carr i edc aoeusth, @ @aarnidn gt hnei cprroepsaernt ci ec

=]

as confir med, however their contdebusi ool wabBo:

so performed to assess changes i nc aehsai nsdoesrp ebrod eh
se&nd Hilg@gh conditions. The estimated results s
| ue s, al though some idmpnreocveesnseanrtys. arte wcaosn spirdeesrue

spended sedi ments due to riverbank erosion and

o v < T 9 =

o < 9 o

nditions contributed greatlcyaetsd ntalnes piomdr. ease i

1.2. Purpose

As a r ehseu latc coifdetn't in theks Thhkikws Eil matbDaici CoiweNuc |
in March 2011, |l arge amounts of radioactive mat
their fallout and deposition inThRekafibhasmab®emrf
i mporttoalnatr iadcyt udle situation of radi oaates)vemmartievreir
and to provide the necessary information for f ut
water, considering usheddod rtihrekyi naga gw awdeddatlilym cey. st r y
Radciaoe si omr i ver water is found in suspended (ad:
(di ssolved in water) for ms. I't i s assumed that t
on the dinf ftehree Mfh@rrne.f or e, it i s essenti al t o un
raciaeesi onmt he different for ms, in order to compr
forms «ofaersda duimoi ver s. As there are many fhornnesttea
upper catchment of rivers i n Fukushi ma Prefect
influences of these coarestilmenrdwrami ¢ n ather adireg ound
soci al conditions (e. g. compbekson refurtrheofdece

resumpti on of far ming foll owing t he i fting of
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unexpected events (-ecagl. e ffolresdi fgs edye |Itaadg gtey phoo
should be considered.

I n t his, pa otieerocy observati on survey was conduct
radiaesi omri vers in Fukushi ma Prefecture, consi d
decline in the comnesihmmaitvens ovas aadé$vescaski.uni he
fluxes in rivers were estimated from the monitor
changes in the concentratdaeas (aenmg .a ndoeucnotn toaf mifn autxi
the presence of Cs MPs) were investigated.

In additi on, to elucidaest Wmeugly nmaimverss oif nrmadi ®
to predict its future, mo d e | s i mucl aaetsi¢ aunmec ernd g rad d
were carried out. And tchae suoauimncge cohfa rsaucstpeerni dsetdi crsa (
(tot al organic carbon and stable isotope composi

Dynamics of radioactive materials in a river basin

Radiocaesium
from the accident

Radiocaesium
& ecosystem o+ Flux

Effect on humans
BN Subjects of this study gL EE LT

Figure 1. S chematic diagram describing
dynamics of radio caesium in a river basin.

1.3. Content of i mplementation

Figure 2 shows the monitoring points considered
map indicates the depassdtbmbhhamguoundfsumafiaoe a:
whi ch i s assumed to be the initioanli tdep angi tpioonnti

Abukuma River and major rivesaseianMddmagori  ntarsSeayv

in Figure 2(b). The monitoring points in the Kuc¢
which are tributariesroh shegAkhbulbawma nRisue vetf, a |
and 2(c), respectivel y.
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* Source: Results of 3* Airbone Monitoring
Exercise by MEXT (2011).

Figure 2. Monitoring points used in this study; (a) Single Basin Survey (Kuchibuto
River Basin), (b) Wide -area Multipoint Survey, (c) Single Basin Survey (Hirose
River Basin)

1.3.1. Wide area Multipoint  Survey

1.3.1.1. Wide area Multipoint  Survey

1.3.1.1.1. Purpose

From the fiscal-ayear M2015% poa nWi d‘aRivvweeyr oBa stihre aArd

water systems in the Hamador i ar ecaa ewsalsB-@peeprofsoirtn eodn
in the study area and the poSsaintpiloenss woefr et htea kraon i
foll owing the -staomee xpplotciredleipp ®edenceaeeodl dthheact i vit
concentration and to identify relationships wit
continuation of a survey <carried out by the Uni\
as a projécofomhkbeMahi stry of Educati on, Cul ture
t he Nucl e @aornAuR engour li & tye resul ts including t he pas

Uni versity of Tsukuba are also provided.

1.3.1.1.2. Method

At each monitoroinnigt opdinmgt ,hatshebemn continued by

equi pment (swngdandd endy ( € &dai mpel neto § b anck it tayn dw at er | eve
gauge) . The edud snegennmeecdol | ected with samplngrhs atriie
invacuum -drmryeerzeaasdd8™mM concentrations were measu.!
semi condlaitcd cotro r .a nTdu rwai tdei rt yl| eovbetl a edthd@nda n w énetee ravnadl s ,

t heoncentorfadud pensdednengt)) L and the ¢tdpwerreateal(cnul a
applying the equations el aborat@dThe fthexFbP Sum
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caes-18m was estimated by mudbuppegmndchegd,t dheed Maanatesn t |
ratamfdhcecaesl1d3doncentirmhseucsmpsended. sedi ment s

To quantbohygehlodsautsipoermddbids s oflovremds a dia® s, 40O mt o 100 L
river water were collected approxi mat elcya etswiucne
forwmer e s epsairamgud-d ti afgiel t rsaytsit(aFmge)T.he sampl es wer e
wi t h a ger mani um s emi ¢c ondupcetnodre d d eatnedc t d & s-5 damvde d t

concentrations in the river water were evaluated.

»™

(2 ’\:. Latter-filtration
tration =

part | art lon exchange resin
) o part
-
Figure 3. Radio caesium collecting devices; Multi - stage Filtration System.
1.3.1.2. Survey of radiocaesiumbearing nicroparticles in suspended sediment
samples
1.3.1.2.1. Purpose
I n the SS sampl es coilalreat eMlul durmpionqtt Bar Wieg s , s
extremely higherc aeéehsacno mmcoernmarla tri aochiso wer e found. A
Fiugr £&. Whi |l e t he ¢ onccaeenstti reamdiso nt oo fd ercreekiaci et wist hi ntp o

clarify the factors that speci f iccaaelsliyu mSrs5c rseaanpd ke s
order to understancdcatetsd ndmynspmire s tdhfrongdhi oi ver s.
Previous studies have r ecpoarstheecarti mg mieseoemaet ot
released during nucl &ar?2)pb®wet hpbastudygci dentvas I

may be due to the inflow of CsMPs into the river
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Year since the accident (year)

Figure 4. Temporal changes of suspended

the monitoring points of the Wide

(In the sample collected in October 2018, a higher concentration of

caesium 137 concentrations at one of

-area Multipoint Survey in Hamadori area

137 was detected, significantly deviating from the trend of gradual decrease

in concentration.)

1.3.1.2.2. Method

Tocl atihfey i nfl uence of C scMiRess-1 @i tc o en ¢ = wn stptkeen sd aorthpsl e s
coll ected by the SS sampl ercatelsatonomskeotwedt mooh bbb
ot her sampl es wer e used. The radi oacctaevsel Bphar t i
concentrations Wheeradveatti gads gwasd meaes wraesd ilkcy
semiconductori dadiercg oplsataemd( | P) autoradiographic
and el ement al anal ysis of the particl es -ewmeerregyme ¢
di sperrsayesXectroasnodpgl| d SEMONn Probe Micro Anal yz
si mple method for determining the presence or ab
was investigated.

1.3.2. Single basin survey

1.3.2.1. Simulation of radio
1.3.2.1.1. Purpose

The purpose of this study is to eaasmimiogr athieod uad
redeposition via miuwerrd.calln mohied wwtawsdyw,ppd i ed f or
Kuchi Ratve r , tributaries of the Abukuma River,
raciaeesweime per for med. I n the areas near the sout

!Ti meependedit mOmei onal
was provided by Prof. Yasuo Oni
technical support from Prof o]

caesium dynamics in river by T ODAMmodel
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recei v
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a relatively | aacdaesvaarso udnetp oodiir B2gadd)iJoFi ihen s epyoeseéet al

high in the catchments of the tributaries, t he N

Table 1. Catchment area and initial caesium 137 deposition within
the Hirose River Basin.

Ri ver bas Aver agle37Csdepos

[ kZin [ KBg] m

Hi rose Rive 267 .9 231

Takane Rive 19. 2 270

Nuno River 18. 6 343

| shida Rive 30.1 290

Oguni Ri ver 40. 4 343
To simulate thecagsamimecs vef wadieo in these <catoc
carried out at t wel vwez(sd)t,e sf,r cams 201d3d nttad o2n0&A 1g.mfom i
point was est ablImasihne dr iavlieorn gc htahn n e | of the Hirose
Kuchibuto River Basin, the monitoring was carr.ieé
2021, masien | tyh aathower e al readwar eacIMudad pBhga tihnei tWia

depositi camescfimmatieocat chment at each monitoring
Table 2.

Table 2. Catchment area and initial caesium 137 deposition within the
Kuchibuto River Basin
River basin area Average Cs137deposition
[km?] [kBg m?]
Mizusakai River 7.52 587
Kuchibuto River
21.4 408
Upstream
Kuchibuto River
. 62.8 304
Midstream
Adachiota River 17.6 235
Kuchibuto River
135.2 247
Downstream
1.3.2.1.2. Method
At each monitoring point, approxi mat ey ow0d elv ed f
(every 2 to 3 mbhows) earptl sa( fheogvnmpelvesn/tl, Wagdar2 4
gual it,y e(llpeHtri cal c oonxdi udcairtidebinc y i o ECp ot ent i al (

concentrations wer e measured at t he ti me of co

radiae s iweme coll ected from river watéefrocsaamp luens



monitoring caesmpoumi radi mg udse)M i cEeac(hFifgoc me sWwamadi
then measured with a gdeertmeatnn ouramd dsietmi ccno,n diurck eogt i g a
concentratiomsecitn otnhe fcrt disea nrpil fenrgts evde,r bamé& dismeé ht a
were carBacead & edsacttah,e caedsowomcentrations and thei
river were estimated wunder base fl ow modelhi ghhd

TODAM model can simul at e tempor al changes of r
sedi ment s. For exampl e, t he TODAM model mak e s
radionuclides transported to theod®atcidng IOt eminv e
sedi ments are preferentially deposited, and to e
on the dislocation of sediments in rivers. I n th

the cadedsdoautmi vi ty hamd etsh ainrd ea base flow and high

Post processed [l
water sample | °

Figure 5. Radio caesium monitoring device 7.

1.3.2.2. Estimation of the source of SS loads
1.3.2.2.1. Purpose
Suspended sedi ments (SS) pl ay aeass-§83mfascsaamtpamntie

form through rivers. The concentration offISoSw i n
event s, resul tiomae d3-in8 T uti rt an sap d rotta toifonf eowneveant.
order to clarifwttihe sr elfattihwee podretnrtii al SS source
and concentrations of f-launvd a-h & s56% & @richa & 8-do@ndar, hi
radioactivities, tot al organic carbon (TOC) conc

(d*C)in SS were employed for a simulation using &
|l sotope Analysis in R (SI AR ver. 4.2).

1.3.2.2.2. Method

For measur emediCs i mf SBOQC admodut 0.5 or 1.0 L river w
caesiB3Ummeasurements were filtrated by glass fiber
for 4 hours. Four potential SS sources were deter mi
and river sedi mentrss) .wekRoer essatmpsl ceidl si na nadd jlaictetnee f or e s

Hi rose River. Ri verbank soils and river sedi ment s



Hi rose River. These -droiuedt edtmrad o i @l & hTaheer d8aanipd werss .w

measured using an el ement al analyzer coupled to an
detail procedures were shdwn in a study of Arai et
1.4. Results

1.4.1. Wide -area Multipoint  Survey

1.4.1.1. Wide area Multipoint Survey

Figures 6(a) and 6(b) show the cwersild@8thm cmociemtsuwd
over time (as of March 2@2%p MoiSawir peyentd atma tihrec |
resul ts from tThseu klurbiav d r & ihtey eafdT hoef cFoYn2cOelmdt r at i on
caes18m at each monitoring point showetdhea dfeardte n
this prohecdeclbiunte tobserved i mmedi at el®y 4% toMs t h
Mar @B 2tlheoncentration of di ca®d4-vieWwa gaennde rkaelslpya n d e d
1/ 10t hoefal ales erivmence di aft géhecci d Emg& a )Thh.eoncentorfati or
di ssol ved aodes-Li8@8pmenieded adep e i dm e bMld)e.wea s
aper iodndi ssdatga f or caies-d &Ihyoewde ver , t he overal!/l p @
thahe concentr atdaens-108fm diins stohleverdi ver s of Fukushi
decreased over ti me.

Based on data ob20®IIh,edt e owmif ifAleld2i o8 Haspended a
caes-18m were estimated to be approxi matuerlgy) .3. 2
Comparing Chornobyl and Fukluisvhedsmagnd-1t8Hhe i onf re fvfee c
were similar just after the accident (0. 24Yyear
I n the second year andl ibweweg o naf, tthhee ocedrf ceratergaetuilman
137 in rivers of trhee aFruek uisnh i tmhae prreemrf ggec t aif 1 to 4

were made for Edropean rivers.
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( a ) Rivers in Hamadori area

Abukuma River (Main channel) Abukuma River (Tributaries)
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Figure 6. Caesium 137 concentrations in river water.

(a) Suspendedcaesium 137, (b) Dissolved caesium 137.

10 O Suspended
° B Dissolved
3.7yr 28yr 32yr 3.0yr 31yr 27 yr
n :‘{3) (n=86) n=11) {n=10) (n=12) n=11)

B

Effective environmental half-life T.x[y]

=T e - T - T S o = - I R « s I (]

——

=

==

Abukuma River (Main channel)

Abukuma River (Tributaries)

Rivers in Hamadori area

Figure 7. Effective environmental half -life of caesium 137 concentrationsinriver

water in each region (data from 2012 'B021). The asterisk indicates the range in
the effective environmental half -life reported for European rivers after the

Chornobyl Nuclear Power Plant Accident).
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Figure 8 shows the averageesmbB8mhaty il xxmodi soasipe
2011 to Decemlrteares-Aa@M8 f | Tlkes do notd dbewta theact
temporal fluctuations of taes-ft8mwcomatendbfathensi
sedi ments. At the two monitoring. Wofnetdesl Mg th
i nventory of the catdc Hmemtt ewda swidihs psluascpeedh daend s e di
monitoring points along i|#2s%Wdfri blue a cdsaceasehswiéBertt f | u
inventori es.

The wupper part of Figure @ashbwm theedildatxedff rsa
201t20 October 2014. The | ower part of Figure 9 s
tot al catchment area (excluding No. 12, 17, 18 d
per tloadwer gr acpahe)s-1 8lFf oW | uxes wer e mthss ewhveerde atth e heer

dam covers a |l arge area of the catchment (red ha
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Figure 8. Monthly migration of the suspended caesium 137 at

monitoring points (No.1 -6) from May 2011 to December 2018.
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Abukuma
Main stream

Abukuma tributary Rivers in Hamadori area

1E+13

1E+12

1E+11

1E+10

Amounts of Cs-137 migration [Bq]

1.E+9

100

80

60

Proportion of the catchment area by dams

to the total basin area
[*0]
) £
S (=] (=]
No.1o (IS

No.21
No.13
No.11

No. 6
No.5

Figure 9. Total flux of suspended caesium 137 from Oct.
2012 to Oct. 2014. Red hatched bars indicate the monitoring
point with higher proportion of the watershed area for dams
to the total catchment area.

I n addition, the i mpact of the surface decont an
government and thecmemsil@®@impalbntieas ran itomes i n rive
The observedcdesi@8mseosncantratitoanstwerersndis | ab
European rivers after trh&) .Chtborweovbeyrl, aictc iidse ndti f(fFii
effect of sur f ace dec onctaaensiinBanit icoonn cneenat sruarte so nosn i tnh
the area decontamilndthed eilatvemy toma he area of t
assumed that the decrease observed in areas wher
is largely caused by n&atural attenuation process
Subsequerceh if wirhikuc hi RiuvBasweraenal ¥ dendv e st hegfaftefc t

decontamination oaesium prewadetich er ddditamased on the var

t heaes-183™mM concentrations in sudpemddd ms eaditmemt swo
basin tonhdeordftaamil and was fully designated as a
the basin was planned in August 2012, it started

201% Figure 10 shows the progress of the decont at

2 Decontamination | Mioimwatriyomfwelbhei Ea@yvironment,
http://josen.env.go.jp/arealdetail s/ kawamata. ht m
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i n Mar ch 2013, but only littl e p tnot gernessisv ewafsar m
decontamination was carried out fromeApriinl DZ2&Jl4nb:

2015. Thus, the period bef onRr-@éFeechornu armyit nixed 1 ®enrwiacs d
from March 2013 to March 2014, w h e n ADpercoognrt easnsi nvaat si
i progriesantdheper ifodAmr il 2014ert o2WieE panpd rdo g wa s s

mad e, was Mdetionedmasmnati e Fiimatpheygirmt§adrewalJanuary

when decontamination wasifiPcoosmp |deetceodgt. awra sn ad e foinn e d
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2011 2012 2013 2014 2015 2016 2017 2018
Pre-deontamination - D a @ oe Post-decontamination
Figure 10. Progress in farmland decontamination

The 4idieme n d ecnacees-1i08fmM concentrations in suspended s
points (upstream, mi dstur@ ém) ) and dbobowstieafmj gbBr g
ha-l if veshéoe peri odsabBre Thtreowmr siun ts showed a fast
caes-18m concentration in the upstream and midst.

ar ea dibecogt ami nati on 0oiHHwevepgyregsdhe decri etals & w a
downstsrietaemsids | o veodvinh hsee c hrad f fdADleec ont aminati @@ i n p
period (about 4 yeamgddafttieem,t heé eaa@amodearntt of suspe
water asunaofffupcecopiofati on and catchment area sh
t he start of farmland decontaminati on, and a s

idecontaminati openi pdlofgbe®s ont anmpe aitiohdeyrmo uonft

sedenmtmundefcr ebegietd, was st il |l hfp g-dd @ ¢ o 1t thaamip @ ant iotahne
( Fumglk2) . This shows the same trend as the resul't
through theaer élamatdolrliowing decontaminatitdn, repor
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Figure 11. Change in suspended caesiumEL37 concentration

over the course of decontamination.

Table 3. Effective environmental half

- life for each period (years)

Monitor Pr-e Il n prog | n prog Post
point decont ami n 0 decont ami
n Upstre 0. 77 n.s. 0.98 n.s.
o Mi dstr 1. 2 n.s. 1.6 n.s.
> Downstr 0. 86 0.59 4 . 2 4 . 8
n.s. i ndicatesa¢dhb@msucsmpeearndterdat i on did noéaclhang
peri od.
700 -—
o L] Pre-
PR
g= |_ In progress (1
%E L) In progress (2
2%
A% 400 Post
éf?ﬂﬂ
;E?O[}
'-ngu

1 Upstream @) Midstream

(3 Downstream

Figure 12. Relationship between decontamination progress and the amount of

sediment runoff.
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1.4.1.2. Survey of CsMPs in SS samples

Twesphericoplar€CsMdPes (A and B) were found in the
4) . The radioasitdmiity toiose two particles was e
1%of the total radioactivity of the sampl e.
Table 4. Characteristics of CsMPs identified in SS samples
Samp| ]
Partickm) Cs137 (¢ Detected EI e
name
A 4. 2 14N0.1 O, Si, Cl, Fe, :
B 0 o.25N0. O, Si, Cl, Fe, :
Wh e n suspended sedi mentcaewnl 8m eancemet gt ihdmg hwe
simple method to deter mi rCéMPtsh ewapsr e snevnecset i ogra)taebds. e r
SJdand wet Inheatvheo dbseen reported as methods for sear
from a sampl e. @n st mpl @t met hmand or deter mining
of CsMPs without separating a singlel)pdthppllyi g
t his si mpl e met hod t o Cs MP s wi t h Kk nown radi oac
radiwviatyiand | P brightness and attempted to det e
suspended sedi ment sampl es. The threshold of r a
radioactivity value of a parti'%)l eandld lfpédasrrtdbov ér o
radioactivity were classified CsMPs. Tabl e 5 shi
in five suspended sedi me+t019ammilses nwelslte gtad e di n
were estimated to be prepeastenthbeofe€aMPs i ndé6as
sampl es, but their contribution was very small
Table 5. IP measurement results and radioactivity contribution of the
SS samples
Csl137 . Csl137 Csl37
Sample concent Weflgs\ in t| Thbe Csl37 in CsN CsMPs
name in the o( ) samplncl;SmMPe (Bqg) in to
(Bq/g) ‘9 (Bq) (%)
1-NZ1910 3.2NRo0. 2.7 8.7 0 N/A
2-SU1910 18N0.3 1.4 23 2 0.48 0.22 3.0
. 0.41 0.36 0.32
3-SD1910 23N0.3 1.4 32 6 .7
0.30 0.23 0.19
4-NR1810 2.1RN0 3.2 6.7 N/A
5-TR1907 4. 9N0 3.0 15 1 0.46 3.1
1.4.2. Single basin survey

1.4.2.1. Simulation of radio
Figure 13
Ri vieFumgza) .

caesium dynamics in river by TODAM model
shows

Bot h nts ar e about 2 4 k m

poi
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river wi dt h at St. 10, including the floodpl ains,
the monitoring, high fl ow eventbhse cawsded ,t hen dr if e

deposited on the riversedti dmutatt heeaah vmarbietdo rcirmg
significantl y.

(a) St. 3
188

184

180 T T

0 10 20 30
Distance from the left bank [m]

Elevation [m]

(b) St. 10
56

I R

48 T T T T T

0 10 20 30 40 50 60
Distance from the left bank [m]

Elevation [m]

Figure 13. The cross sections at the monitoring points in the
Hirose River Basin (St. 3 and St. 10).

Figure 14 shows t he cvaaersiiaBtm oamsd isnu sspuesnpdeendd esde d i me
n water at each monitoring point along the Hir

concentratiormaefs-igammsgvemideeld i n t he s omec aes-it8hre t r |
concentrations are strongly influenced by the i
vari ed between monitoring points, irrespective
caes-18and suspended sedi ment concentrations).
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Figure 14. Suspended caesium 137, and SS concentrations at
each monitoring point in April 2016

Figure 15 shows a scheme of the monitoring netwo

model to the Hirose River. The distance from the
River to the confluence of the sTa&kligre3 2Rimv erl nwitthtle
the inflows were considered from the Takane Ri Ve
main tributaries of the Hirose River. For t he H
200 m in the dicbabhneh,oantdhé&é5Dl owl cul ation poin
Basi n. The dyoaensweame fsirmuliaot ed i n the Hirose Ri:
dat a.
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Oguni River

JoATy BNV

31,732m

18,532m 14,332m
)

—m—

4,452m

8,332m

- Monitoring point

O Junction

Nuno River Ishida River

Figure 15. A schematic representation of the monitoring
network in the Hirose River Basin.

Figure 16 shows the calculated and measwaesdi wmnc
137 concentrations along the Hirose River usi ng
The solid |Iine represents the values estimated ©b
the actual measur ement val ues o bthaei nreadi na tr isviexr nco
t he HRirwkste. was possible to reproduce thaloapgat dlet

maishnhream of the Hirose River using the TODAM mc

simul ation were i n ernetl awniitvhe |tyh eg onoeda saugrreede nv al ue s .
6k .
-
BEak]
%.5 St.1
EE St.6
229)% St.3 3 St.8 .
& g St.4
. é_g_ [ S e
20+
gg— 151
EERU - :
E% : J—H—‘—| r {4 .
2% 51 H
g =
VY e -
0- T T T
30 20 10 0
Distance from the confluence with the Abukuma River (km)
Figure 16. Simulation results of changes of caesium 137 concentration at

base flow levels water estimated using the TODAM model (Hirose River).
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A simul ation of t hee seloBniic einnt rraitv em wdt er during
August 16 t o 19, 2016 (total prechAoeémn¥dr aogha wea7,
Fukushi ma Pftilesf eschtouwne }i7n Flihgeurmresul ts al s dedhvevwe na
me as wmnald | cuv altedhfeomoni t poi OGP 6,8and0yndleirgh f | ow

conditions.

IM'T;S](
ol St.3 St.6
in 961\
. el
1 P IR 2~ SESERRSRRRE=SR
0
l-;_!l5
ey \
S< 10 \
$E \ - M\
2z LT AR
g o
~8k
g2 St.8 St.10
':,J:éGk
TEak| T
; E /\ ) //\_
752k T _
g 0
=4
&Z 10
5
SR AN A e
i3 /
= 8/16 817 B/18 8/19 8/16 817 B/18 8/19
Figure 17. Simulation results of changes in caesium 137 concentrations

during high flow events estimated using the TODAM model (Hirose River).
[Upper rows: Suspended caesium 137 concentration, lower rows: Dissolved
caesium 137 concentration] (High flow events from 16 August 2016 to 19
August 2016)

Monadrting data collected from 2017nura2(a) hew&schilke
simul at e of t he S U scpeeensdiedd™ acnodn cckingd g @lt vi eoch s i n roi
TODAM model . The results of t he model esismhudwvant iiom
Figure 18 and 19. In the results of the applicat
t he char act ecraiesstliBchs coofn cleonwt r ati ons in both disso
° Mi dst weam generall yure®)rodlhhe dsi mulgaDo wms trreesaunh
based on t he dat a f6omutl lye 2008Bf I(otw t @ah Drecipi
Met eor oAggnicsayls hi ma, Fukus'Pi mae rPe edlesca uabel)e t o r e
changes in susaepddbdtbBesumpendaces-aBidh dbessehvedt.i
Through this cooperative project, caewd8mMpossndl
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the TODAM model for two rivers. | nc aaedsdli8tfm oi nn ttoh eps
rirnve, future applications to other rivers and to
The accuracy of the simulation predictions <can
speci hf or mati on and dat a. I n particul ar, hydro
relationships between water | evel and flow rate

suspended

obtain these data in advance when perf or mi

an

Suspended Cs-137 concentration

Dissolved Cs-137 concentration

[Bq kg 1]

[mBq L ]

sedi ment concentrati onsonwsiitdhe rpeadr tniecclees

eventual nucl ear di saster.

6000
5000 (&)
4000
3000 Ll,_
2000
1000 ° |
0 ___________________________
40000 35000 30000 25000 20000 15000 10000 5000 0
Distance from the confluence with the Abukuma River [m]
= = =SAND Silt-2 Silt-1 e Particulate Cs137 ®  Observation
10
(b)
7.5
c o
— :
2.5 (] o
° @m=r—F""
0
40000 35000 30000 25000 20000 15000 10000 5000 0
Distance from the confluence with the Abukuma River [m]
e DissovedCs137 ® Dissolved ® AVE
Figure 18. Simulation results of changes of caesium 137 concentration
at base flow levels water estimated using the TODAM model (Kuchibuto
River).
(a) Suspended caesium 137 concentration, (b) Dissolved caesium 137

concentration.

21

ng

pre



0.5 10
5 Ca
g _, 04 8 B
= o o
8 -E'O.S 6 o
2802 4 E
g, °
2 201 2
2 8 ’
ac O 0
(?) 8 9:00 12:00 15:00 18:00 21:00 0:00 3:00 6:00 9:00 12:00 15:0018:00 21:00
715 716 Time
--------- SSC-sand SSC-Silt2 SSC-Siltl ® SSC-measured
- --D0 SSC —— SSC-observed Q
8000 4
T (b '
® 2 6000 ® 363
! —
n g A QEJ
© 2 4000 o o 2 0=
25 TS
ég 2000 1 § g
n »n <
78 o 088
3 9:00 12:00 15:0018:00 21:00 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 8
715 716 Time
Cs137-sand Cs137-si2 Cs137-Si2
Suspended-measured Cs-137-suspended ® Dissolved-measured
Cs137-dissolved
Figure 19. Simulation results of changes in caesium 137 concentrations during

high flow events estimated using the TODAM model (Kuchibuto River). [Upper rows:
Suspended caesium 137 concentration, lower rows: Dissolved caesium 137
concentration] (High flow events from 5 July 2018 to 6 July 2018)

1.4.2.2. Estimation of the source of SS loads

I't was found ¢cahas-1B®8mnaredtesr @gdni ¢ c ar bnocnr eians erdi vweir
i ncreasing SS concenturr@éD)onThesei vesuwassaeshBiing m
137 and obhogmnwer ecamove tOmetherotwhdrm 8&nd, t her e
relationships between ScSaecsolnBche natnrdatT @Q sc camade nbtorta
( Fumgz0) . However, t h e acvaeersalgBem vaanldu eTsO Co fc obnoctehn t r a't
the -bhew condition tended to H#Héowarcgpaeditham,t haongs
the additilbinad &®fidnogvpheivieghnt s had | owees-tdmcamdr ¢
TOC than SSfdtowt tenlhadseé on. I n oftlheew ewoaeddsis® vd ur i
and TOC in SS were diluted by amaéstipum oodnh meé mer a |
The*C values in SS showed a gradual decr easuirneg tr

20) , whi ch suggested a gradual change of organ
concentration in river water.
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Figure 20. Changes of both contents in river water ((a) particulate
caesium 137 and (b) particulate organic carbon) and properties in SS
((c) caesium- 137, (d) TOC, and (e) d'3C) with SS concentrations are

shown. Blue squares indicate the data at base -flow, while red circles

indicate the data at high -flow river.
The r esxuwletsd 8aif, TOd*C &Bndfour potential sources o
As expected, forest scoa € ssi 8gth ocwendc etnit @ abhi ghestdue
decontamination practices. Forest l'itters showe
depl dtCedval ue, and riverbank soils andcaesvierin sed,]
and TOC concentersattitomd. sThmaul ati on by SI AR using
soi l i s the predominant ssbuowecohdftuoenal agsé& dhoe
ot her sources remaiumregf) at At gtwhoéwe ceotnbd i (t Riotngan do,n  t
the contribution of forest soils reduced signitf
These results | ed to the conclusion that erosi on
at hfilgohw event s promoted adat ¢ iomlad cwanepshl tBdho w f
concentrations, resulting in-fdiowutiiorrefwfagetrs o f
t hat it i s better to clarify ¢tfhe wf ocervneanttiso na npdr ot coe

S

mul ati on rdedsiutlitosn,alu stirnagcear s and fingerprinting
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Table 6. Properties of four potential SS sources. Averages are shown with the
standard deviations (S.D.).

Type 137Cs n utsc n TOC n
Bg kg'! a mgC mg*?
Forest Soils 5400 + 1600 12 126.9+ 0.6 12 0.105 £ 0.021 12
Forest litters 240 = 150 16 130.0x0.5 16 0.468 £ 0.011 16
Riverbank soils 470 £ 530 46 126.4%0.8 15 0.018 + 0.015 15

River sediments 110 £ 110 175 125.4+0.8 21 0.001 £ 0.001 21

p value * <0.001 <0.001 <0.001

*Resul ts ofif Wahlei Krdstkedt .

Base-flow High-flow
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)
3
~ 807
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c
)
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5 %
=
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S
O 407
@ |
5
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T T T T T T T T Credible interval
Forest Forest Riverbank River Forest Forest Riverbank River
soils litters soils sediments Soils litters soils sediments

Figure 21. Simulation results for the relative contributions of each four
potential source to SS under base - and high - flow conditions. The data were
shown as the credible interval.

1.5. Conclusions

I n Whderea Multipoint Survey of the Abukuma Ri

Hamador.i ar ea, it was confirmed the presescemof
concentrations, with a decreasing trewadsowlkarifin
that the amount cafesflusmpesdeaeécracdaised at the moni-t
t he catchment ar ea, and t he decontaminati on W 0

suspendedes-h@8mMoconcentrationmns.t hehe omnesd dmuade oan o
investigated for suspended seaeé snieannmc esmtnrpd teiso nvs .t h
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the presence of CsMPs was confirmed in the sampl
the radioactivéd ywasn dmailsle. sampl

TODAM model simul ations were carried out for two
and the results were wel.l reproduced the monitor.i
and resuspension of rfii vvearn ts e doil ,eesn tisn plhaey isnicgreia s e

river waters under high flow conditions.
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2. FIP2 Survey of Radionuclide Movements in Wildlife

2.1. Abstract

Fukushima Prefecture idgdudiormrduothi nches unriweayast i amdc
wild animals that constitnder shpathovemenhhse etosy
in the ecosystem.

The present survey has measur edc atehset aantt taii wmietdy i no
bdies of wild ani mal s, a nodv @giinmes sand adiefdf drtesn cddsuc
As the activity concentrati dmehasvideepl yForlax ardp

possibility that wi lod aesammi gi wy t ©iso mic¢ng mtt hr emitdrii omo d
been movi ng into areas wher e wi | dc aaensiian@rh isv i wiyt
concentration S i nhabit. Therefor e, t he mo v emen

i nvestigated.

2.2. Purpose

The iacecent at the Fukushima Daiuiseli aNwcldeaprkRawde r
contamination by radioactive material s. Radi onuc
inhabiting the natur al environment tberal betaom

environment through food and water.

I n order to ensure the safety and security of e

Il i ve, t he Prefectur al government , since i mmed:i
monitor i ncgl irdaediaocntui vi ty concentrations in the mu
generally consumed by peopl e.calessbBeanud tl1dT, momi
gammamaay emitting nucli des, have been deteceerd ffr
haé&n been studied e ncoauegshh aleo vb etelme arcadiimau | at ed f r on
into their fl esh. So in order to Iift the distri

to ensure t e daofcatly pemdgylsceand i $1tyu dbeaessvname ma it &
in the ecosystem have been | aunched.

The migraaesh8rmffrom the environment to the wil
affected by their ecol ogy such as foodOhabitadiao

caesaatm vity concentrati ons we metahsearmdébdide iers folfu owti U &

wi tth me and differences by ani mal speci e df wed e i
habits and behavioral pattated Hteemadi baubéi dkbos
bodies were also investigated. Therae sii8 Ma apo $ v i i
concentrations in the mu%lcle and the stomach con

The relationshicmelbamdedmer ®dciict i?hwga sf ocrinarfirfdotdi
survey from 2013 to 2017. Predeonkyyj bantdiolobdi dad
analysis of stomach contaessoadamulsdatairdre di,n atnlde rk
ani mal si nagc ctoo dt hei r food habits has been i nves:t

regarding the home ranges of wild boars and Asi

27



(GP&YI 1 ars has been also carried out, nhdwewegwar e tt

draw any firm conclusi ons. To show their behavio
GPS coll ars was carried out concurrently with th
I n addition, using the survey resulatrs motdard tsi mwe

perfor med t o etlearrm ffyl utchtewmadtsairBgrs aacft i vi t y concent
muscles of wild animals which took account of t h
DNA analyses were carried owtf iwn ldr deii mad ploEwl t
of the popul ations are increasing and which are
term abandonment of humans i n t he evacuation Zo0

return) and ¢irnestittea czeoqniede nc e

2.3. Investigation results made from 2013 to 2017

2.3.1. Content of implementation

We selected wild boars which inhabit wi de areas
research, because even studiesylasdiesasnhgr tdied i mgq
clear tendency of-sdeceeasmaicgessh afitiemme nt o ani mal

2.3.1.1. Radionuclide dynamics in wild animals
2.3.1.1.1. Measurement of gamma - ray emitting radionuclide activity concentrations
in wild animals

We measur edayg aenmiat t i ng nucl i des (wet wei ght) c
species (wild boar s, Asian Dbl ack behbairl,| ecdo pdpbreak ,p
mal | ar d) captured by nuisances ktiHd mea sbuyr ihnugn tp rnc
using the measur ement resul ts, wel 3i7nveeosrnti giart eedd |
muscles of wild boars and other animals between

the passage of émime Wé ta®lrsa hmeaays weringldt tgianngmar adi onu
concentrations in stomach contents and of wvariou
di stributions in wild boars.

We checked t1B& ca@aé$i gmound deposition at t he <ca
from their capturaenailyfzerdmarteiloant,i oaarsdli3¥s shkoa tl wegerno
deposition -la3n7d accateisviiutny concentration in muscle.

used the results of UAV surveys carried out by t

Measurement of radionuclide activity concentration

Example of sample (Muscle) Cell U-8 (Germanium semiconductor detector)

Figure 1. Measurement o f radionuclides in wild animals
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2.3.1.1.2. Radionuclide migration from the environment into wild animals

To investigate the eXf3 7%cdctoifvidtiyetc comc ecnatersa tuinb n's
ani mal s, we meh3Uradticaiesgaumbnceheratomach cont e
captured in Nihonmatsu Cityfrom fiscal 2013 to 2
caes-18m activity concentrations i n st omach con

i ndividual s.

2.3.1.1.3. Physicochemical fractions of radiocaesium in stomach contents
There are three physicochemic@Fi durmaet2).nsl mft read
they mainly absorb radiocaesium of exchangeabl e

stomngly bound fraction, for example strongly boun
wild boar, it i s thought that they take in soil
Because of soi l intake andal heéer &df iroaedsi coec aefs i p my
there is al so posls3i7bialcittiyvitthya tc ocnaceesnitunmat i on i n t |
than those in other wildlife. However, it remair
mi grati on -10Xf rcoane ssi ouimn and foods eaten by boar i n:

o ——— e I Exchangeable fraction

m——————
n
=

Figure 2. Physicochemical fractions of radiocaesium in soil
Exchangeable fraction: Comparatively, easily to elute.
Organic matter bound fraction: Coupled with organic matter.
Strongly bound fraction: Exist in soil particle.

I n this study, we focus on about activity conce
of ca-48i7fumn st omach content s, and research
physicochemical f-tacsiomacbfcoaesnusm and migrat.i

The physicochemical fractions of rade@esiumis related to the absorption of the radiaesium
from soil to plants.| n coll aboration wi t h t he I nstitute
Fukushi mat Wniwerasrie verifyi npghydicochempcaldractioma fl irt ad it d i

caesimmst omach contead smiaghrf aetcitosn riandtioo wi | d boar s.

2.3.1.2. Investigating the home ranges of wild animals

We attached GPS data |l oggers (hereinafter, GPS ¢
t heir behavior s. We s et the GPS fix schedul e of C
wi | d boar behaviors for moredtwiahd omeamoimé¢ hav iWe

outside the evacuation order zone (Figure 4).
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<ok 0 R L o
Figure 3. GPS collar. Figure 4. Attaching a GPS collar to an anethesized
wild boar captured with the cooperation of a

harmful bird and animal capture team.

2.3.2. Results

2.3.2.1. Dynamics of radionuclides in wild animals

2.3.2.1.1. Results of measuring gamma -ray emitting radionuclide activity

concentrations in wild animals

Fi gure 5 shows37thaec tciaveistiyunt oncentration in the m
t hr owgh Fukushima Prefecture from May 2011 wunti l
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Figure 5. Results of monitoring caesium - 137 activity concentration in wild
boar muscles.
The X-axis indicates wild boar capture timing, and the Y -axis indicates
logarithmically transformed caesium 137 activity concentration. The black

dots indicate the measured values for individuals. The bar graph shows the
geometric mean value of caesium -137 activity concentration in each year.
Each box indicates the reliability section from 75% at the top and 25% at
the bottom. The bars indicate the maximum and minimum values (May 2011 to
March 2017).

From figure 5, any clear tendenoynw was arcadti vihowrt

bet ween individuals was great
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Figure 6. Temporal trends of caesium-137 in the muscle of boars
(Regensburg, Southern Germany)¥.

For comparison with wild boars captured in Fuku
changes oé&egmuatiigviconcentimatwiolnd boars captured
Chernobyl di saster. d&fi gRege s lsthrogvsiln hRd stals e@e 1t ma
of Regensbul®7 aatisviutmy concentration varied gre
show any <cl ear tendency of decmaa®Peecf 8choeewdal d
similar tendency, we should continue to monitor

i n Fukushi ma Prefecture.

Figure 7 shtot®%% @aetbBVvumy concentrations in the
i nhabitretshe efcmsystem | i ke wi | d boar-437 | actAisv iat
concentrations decreased with the passage of yea
This indicates that thd3@anmeal vehagngesncolenst adeisfifae
depending on the ani mal speci es.
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Figure 7. Results of monitorin g caesium- 137 activity concentration in Asian
black bear muscles.
The X-axis indicates Asian black bear capture timing, and the Y - axis

indicates logarithmically transformed caesium -137 activity concentration.
The black dots indicate the measured values for individuals. The bar graph
shows the geometric mean value of caesium -137 activity concentration in
each year. Each box indicates the reliability section from 75 % at the top
and 25% at the bottom. The bars indicate the maximum and minimum values
(May 2011 to March 2017).

Figure 8 shows relati-bhsdhs eisl begtowerd dapaoesiutm on
Asi an bl ack beaand acpakievapcaiinvtiss,y concentrations
boars and Asi an bl ack bears showed-1B&s istoiivie grreol
deposition at the ca-pBUdracpovnty andceamabsatimons
and Mshlaack bears captur ed-1a3t7-spooniln tdse poofs igtriecant earmaoc
higher -8383@sacami vity concentrations in muscl es. F
boars showed higher activity cholnaccekn tbreaatriso ncsa pitnu rm
with the same soil ground deposition.
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Figure 8. Relationships between caesium -137 activity
concentrations in Asian black bear and wild boar muscles,
and the amount of caesium - 137 deposition to soil at the
capture points.

Figure 9 shows wild boar and Asian black bear m
ar ea of capture. | ndi vli3d7u ad st iwiitthy hciognhc ema e sait u m
frequently captured in the Haln3a7d osrdoiundgidemowher
comparatively high. I ndl v74 daat isv iwti yt hc d nocwe nctareasti i uol
frequently captured i n the -ABZu sopedgi ognr owhdr ed e
comparatively | ow.

|t has al so been tchoantf uecrhn®eddi avittihv ikkiyi csomecenlte ata fo

di ffers between species.
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Figure 9. Monitoring results of caesium - 137 activity concentration in the

muscles of wild boars and Asian black bear (by the captured area).

The X- axis indicate the capture timing of wild boar and black bear and the
Y-axis indicates logarithmically transformed caesium -137 activity
concentration. The dots indicate the measured value for individuals that
captured Hamadori (red dot), Nakadori (yel low dot), and Aizu (green dot).
(May 2011 to March 2017)

Figure 10 shows caesiuth37 activity concentrations in the muscles of copper pheasant, green
pheasant, spebilled duck, and mallard captured in the period from October 2011 until February
2017. When including N.D. values, the caesiuh37 activity concentration in the copper
pheasant musclewas higher than in the other specidhe copper pheasant is not a migratory
bird and inhabits a forest ecosysteém.

34



4.0

3.0

2.0 ‘

1.0

Cs-137 activity concentration in muscles
[log10 Ba/kg, wet weight]
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Figure 10. Monitoring results of caesiu m 137 activity concentrations in the
muscle for copper pheasants, green pheasants, spot  -billed ducks and mallards
(data period: October 2011 - November 2017)

The activity concentration of caesium 137 in an individual that was below the
detection limit was set at 4 Bg/kg (wet weight) 2.

Figure 11 shows the temddradt icvhiatnyy ec orf c eratersd tuimo n

pheasant and €fCreesql hh eaxcdameieenyt rati on in muscle d
in the green pheasant, but no <c¢cl ear trend was (
variation between individual birds was observed,
The reasonf éwmendéd ebdativieen bird species i s proba

habitat and/ or the condition of the accumul ati on
copper pheasant mai nl vy i nhabits hoarbsts, dvei ISat

ecosy%t em.
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Figure 11. Monitoring results of caesium - 137 activity concentration in the muscle
of copper pheasants and green pheasants (October 2011 - November 2017)

The activity concentration of caesium -137 in individuals that was below the
detection limit is set as 4 Bq/kg (wet weight) 2)

2.3.2.1.2. Radionuclide migration from the environment into wild animals

Figure 12 shows r elaetsildrms haicps vbheeweenti ons i n t
stomach contents of the d4d8mMe awitli dibyaco®nNncEme rade
and stomach contents showed positive relationshi
of i ntake-1B83fFuacde saisumi ood i temsl3amhdacstoiiMi toyn ccoanecseil

wi | d boar s.

& 47 y=098x+025

Z P<0.01
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Figure 12. Relationship between caesium -137 activity concentration in

muscle and in stomach contents of wild boar.

According t o research on t he i mpac-l1 37 f actthievi ¢
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concentrations i n t he muscl es of wi | d ani mal s V
factor s as food habits and habitat amecaddlBidsm v

activity concentrations in the muscles of wi | d
which the animals were captured. Figure 13 shows
Both species of wild boar and Asi an b }la3c7k abcetairv ist
concentration in muscl es.
Wild boar Asian black bear
Peak Bottom Peak Peak Bottom Peak
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Figure 13. Seasonal variation of caesium - 137 activity concentration in

wild boar and Asian black bear muscles.

However, the variation pat tCaereps-ld@dinf faccntd vhdtyweem ct
in the muscles of wild boars were | ow i €GakKay utmo /
137 activity concentrations in the muscles of As
then increased unti.l January.

2.3. 2.1.3. Physicochemical fractions of radio caesium contained in stomach

contents

Figure 14 shows <corrella37ians$i betweeonncaprsiami on
boars captured in the pr-32cdatrieviitny 20ddmcemindatia
i n stomachCaxexit@mt sactivity concesnt satoiwerds siimgnir
correlations with activity concentrations in ex:
summed of exchangeabl e fdhodoautnidodsnmnatileoosgamach ma ¢
However, -1c3afe saicutm v i t y ico nntuesnctlreast idoinds n ot show si
with activity concentrations of strongly bound
exchangeable fracti-boendnfilracgaans mahtairned in

item dndrsoistrongl y -1r3e7 aniegdr attoi ocna eisnituom t3h% bodi e
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Figure 14. Correlation of the physicochemical fractions of caesium - 137 activity
concentrations between muscle tissue and stomach contents of wild boars

2.3.2.2. Investi gating the home ranges of wild animals

We tracked boar behaviors by usingad GRSBgeolcloarr,
t he toame ( ange) from 2013 to 2016 as shown in F
i nto a coar ehiagrhe aacotfi vi by memsantemanhitopoints (are
9%o0f mtosi by actividwyalypymrglehrnad ath ome ot mo st of t he
a | arger roaming area contaiThengeabublampdight $hedhwt
that the boars havet htewoc orrees iadreenat iiasl azpopnreosx,i mat e |
of their home range is 244 ha.
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Core area

Core area

A 4

Figure 15. Example of sample structure of home range area.

We carried out wi | d b oFaurk uhsohmemar aCnigtey s(uXd Orbeayasrdsi Nt9r
days) and Ta zcahwiak u,l wNMisthammmat sua€k®vg tpdrliOadays)

the evacuation order zone. Figure 16 skowdmeher :
me s h i n t.heF uk wsutriema Ci ty has ur ban and suburb
| was+dihni & u, Ni honmat su City i s |l ocated bet ween

surveyed on this occasion had a core area of abc
250a.h

No.52_Fukushima City(M) No.58_Fukushima City(M) No.66_Nihonmatsu City(F) No.67_Nihonmatsu City(F)
Core area 37ha Core area41ha Core area 51ha Core area 20ha
Home range 244ha Home range 186ha Home range 207ha Home range 97ha

M:Male, F:female

Figure 16. Size of wild boar home range outside the evacuation order zone.

We investigated wild bodaowhoménsandges heneVamiuak
see how the ranges would change in theitsiietsu.atHiognt
17 shows the core area and home range areas of
evacuation order zone. No. 50, 85, and 208 are i
an environment around cbtdes pohei dBot hé66esandu@?

areas outside the evacuation order zone.

I n the current survey, the number of animals t h;:
and duration of GPS coll ar attachmentHodviefvfear, el
available dat a, the increase of human presence
boar.
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Figure 17. Comparison of home range and core area.
Table 1. Sexes, weights, and numbers of days with GPS collar
ID No.50 No.85 No0.208 No.52 No.58 No0.66 No.67
Sex M F F M M F F
Weight (kg) 37 48 51 44 70 35 37
Numbers of
days with 81 99 117 99 50 110 34
GPS collar
Wil d boomag ranges may change depending on the tin
the home range sizes of eight individuals (the i
and two mal es, the outside of the eabesgat  wbhomser
could be acquired for one month ofr |l onger i n No

February (thesomneedi RPdABeRmnuwg R O0tlMle number of sam
home ranges tended to beotdegeromesidantbet evdeu
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Figure 18. Average of home range size of wild boars inside and outside the
evacuation zone. The error bars indicate the minimum and maximum values.

We investigated habitat type imomérer carognes rafn giers
inside the evacuation order zone, faramldarn dcd eo o e
s ugagtehsatt t he home ranges of individuals inside t|

farmland (Figure 19).
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Figure 19. Ratio of land use in the home ranges of wild boars inside

and outside the evacuation order zone (each bar indicates the value

for an individual). Study areas showed the city where the wild boars

were captured (Outside the evacuation order zone: Fukus hima city and
Nihonmatsu city, i nside the evacuation order zone: Tomioka town).

2.4. Investigation results made from 2018 to 2022

Just as in the 2013 to 2017 ©period, the present
radciace saatm vi ty concentrations have been higher t
bl ack bears inhabiting the same forestry ecosyst

2.4.1. Content of implementation

2.4.1.1. Fluctuation of radiocaesium activity concentrations in wild a ni mal 1 s

flesh

Regar diommucrlaiddie acti vstiyncbobheemusat eenof wil d a
prefethardature Conservation Division is monitor
bl ack bears, copper pheapatht s edJdpakssanpghead & mt
the culling by management programcaresfi@&@m amdt i113g
activity concentrations in their muscl esaebsiumg
137 in thd mudaod édooars and other animals and t he
were also investigated.

The survey conducted from 2013 tocdb6s¥8mlactii i Vviet
concentrationofnwt hd omobs mhbhle.s2 .( sFeétég uBae8 el@3 )on t he
fluctuation patterns, t h ea dtaitwai twye re®o rdd evn tdreat ii mnt ©

August andhcttheihiyglconcentration period of Deceml
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| o-wct i vityatdoomc epretrri od of Jul y -a ot iSwiptt ye mbemrc emtdr d
of November to January foredAmifahudtt aekil dDmaaact i WMiht
concentrations in the muscl e adltienre atrh emoadcecli dtehnatt
| ogconver sioaesof8mhaecti vity concentrations in the
and the dates when theyccwprpvercanps-i@fddapdsti he olno
on soil s at t htehdyo cvwaetrieo ncsa ppthuerreed as expl anatory
appliinedeach @fcttitvea tlyowoncent-aati vhtpecoodent hagh
the entire period.

2.4.1.1.1. Rel ationship with the animal si feedin

Previous studie (see Section 2.3.2.1)2showed a positive relationship betweena e s-13d m
activity concentrations in boar muscle tissue and stomach contents, suggestirgahats-13d m
activity concentrations in boar bodies are strongly influenced by ingestionafecs F187mn food
and soil (Figure 12). Therefore, with the aim of investigating factors that cause the extremely
wide variations in measured values among individual wild boars and the factors that cause seasonal
fluctuations and migration of high caesiubB7 activity concentrations, we attempted to
investigate the relationship between wild boar feeding habits and caek3Umactivity
concentrations in their muscle tissues. This was carried out by (i) analyzing feeding habits based
on metabarcoding methodBNA analysis) and (ii) measuring caesiuh37 activity concentrations
in their main foods. DNA extracted from thoroughly agitated and crushed wild boar stomach
contents was used to analyze wild boar feeding habits and the nuclear DNR FE§ion was
analyzed to estinate herbivorous feeding habfits

In addition to food, wild boars are thought to ingest a large amount of soil from digging up and
eating roots and stems that grow underground, but the transfer of cadSurmto the bodies of
wild boars though soil ingestion and its levels were unknown. Therefore, we considered a survey
methodology to investigate the transfer of caesili®Y by soil ingestion.

Samples of main food species were collected in Nihonmatsu City and in the Adatara and Azuma
Mountain ranges from 2016 to 2019. Samples of herbaceous plants (e.g., white clover, tsukushi
hagi, etc.), nuts (e.g., konara oak,a p a roaks ahestnuts, etc.), argl e r fruyts (e.g.,Padus

grayana etc.) were collected and measured for caesiBw.

24.1.1.2 . Rel ati onship wit hhakithte ani mal si

It has been craeepsdrBthre dactth avti ty concentrations i n
ani mals are positécaes-Y8wmoacateil mitteyd awonndhentrati ons
activity concentrations arcae plo&mtl s oded pyosd dri roenl ai
environmemte possible reason for tchaee sd &ans carca li vv 4
concentr atbieo s acsoowlad use of |l ocationscées1d8mragi
contaminati on. Il n this study, therefore, we used
collars in Fukushima Prefecture to ergmbnéent habrt
use and deexilgmocdont amination in these | ocations
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To assess the exposure dose rates of Asi an bl a«
activity cormaestiBat i on mokscle (Bg/ kg i rk etarwe iamt
wi | d boar s i n t he af orementioned Radiati on Mo n i
conducted by F u k u s hcianeas-1 Birfne fseoci tl u r dee pansdatt i otnh e ( Bcgal/p
l ocation of e a8whe rsea nupsl eed atnoi neasltd orsaet er athee (e&X®yo/shu)r
t 0% |

2.4.1.2. Management of wild animals in the area contaminated by radionuclides
2.4.1.2.1. Monitoring

Caesiuml134 andcaesiuml137 activity concentrations were measured in the muscle of pheasants
captured throughoufukushima Prefecture between October 2011 and March 2022.

2.4.1.2.2. Investigations of wild animals around the Evacuation - Designhated Zone

(EDZ)

We surveyed t he popul ati on strucpruefeecdfur avi lud i
mul tiplexed | SSR Genot ypea@yalbysise.qulMNMA I exxgt r( aMd tGe d
ti ssue of wild boars captured widely in Fukushin
Kumamot o Prefecture thattgweue poepat el u odne o ta$nidre
pol ymorphisms (SNPs) we r-vei doeb trad gnieas f g boymefdheddo me
clarifying genetic structures of *ainldd cH aasrtse.r Vien

using t he derived SMNMRg vegf aovramatdoomducTtheids i n col
Fukushi ma Prefectur al Center for Environment (
Environment al Studi es.

2.4.1.2.3. Strategy to lift restrictions for distribution and consumption

Hi story of c odnissutnmipitbiuotni canndr estrictions since t he

Hi story of restrictions on consumption and d
I n response to the spread of radioactive mat ¢
foll owing the Gr gqatakEastn JWMaparh Ear,t 2011, t he

on April 4, 2011 provisional regulation val ue:
Sanitation Act, and compiled the "Concepts of
Cancell atiamd oArdasemso which Restriction of Di
Foods Concerned Applies. figu(ihdectd)e inreassf t er referre
Subsequentl vy, on April 1, 2012, t he nati onal
radi oxateisia@amgener al foods at 100 becquerel s/ k

i nspections and other factors.

I n this prefecture, a private research i nsti
concentrations of radionucl i deash itrhemwsucalves yt icsosn
by the Ministry &f ntcdeer eEqwli tr 0 nanfe ntiwheer ep rpir voavti ed esc

the prefecture, they were made public. Since s
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the provisional regulretlisomevwalkid ogfr aon0D 0 olre o cawe
reached out to prefectur al residents through h
private consumption.

Since October of the same year, t h es uprrveefyesc t tua
mearsal activity concentrations of radionucl i de:
prefecture, including wild boar s, bl ack bears
and mall ard ducks in seven areas of tlye ofr ¢ the

Il iving environment

As a result of t hi s dae sésxtenegeadtii n@ga /5k, g0a0d0f oaadi v

wild boars in Soma City in November of the samé
( Nucl ear Emergency Resporde aHd &adnpwaratre/r sor dier
consumption and distribution of wild boar meat
with Article 20, paragraph 3 of the Act on Spe

Preparedness.
Subsequenltdsy , es@aenpdi ng the standard values we
prefecture, so distribution restrictions were

prefectures in July 2013. I'n the Kenpokuilahd S
continue.

Changes in populations of wild game (wild bo
Changes in numbers of wild boars caught in th
20.

Numbers of captured wild boar
35,698
29 72730,738
26,130
20,603
15,467
13,094
11,087
5,824
3,7363,021 I I I I
nm i
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Figure 20. Numbers of captured wild boar (2010 FY )

Changeéedhei mmount of damage caused by wild boe:
Changes in the amount of agricultural damage
FY 2010 expressed in terms of monetary cost s,
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Damage cost caused by wild boar
(tens of thousand JPY)

12,000

10,000

8,000
6,000
4,000
2,000

0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 21. Damage costcaused by wild boar (2010FY )

Management framewor k of radioactive materi al aft

| ssues ardornanymdtrioonn ameésdirsctibmsi on
Du e t o ramnisamaplt i on anmdesdirdgtcrtiiwmtsi, ont he me at

beasttsurceadp i n Fukushi ma Prefecture was no | ong
private consumption and sal e. This made it i m
and the wild boar popul ation was expecwéaddcho

woul d also cause serious damage to agricultur
Therefore, Fukushi ma Prefecture greatly incr
prevent an increase in the wild boar popul at.

controltdamages.

The need to consider | ifting the distributio
Since t he earthquake, i n order t o reduce da
environment and agriculture, foresatryr eandt hf
prefecture has continued to i mpl ement measur e
control by installing electric fences, et c.

workers and experts dispatched to nltamadalr ecscemam

according to | ocal conditions.

However, where the government has i mposed co
on meat from wild game, it i s not possi bl e t
this has |l ed toodmotdiexdt inen itho htumrnterwi | d ani ma
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Requirements for i fting distribution restr.i
from the guidelines)
Lifting
Ar ea
I n principle, the whole prefecture shal
t hppr ef ecture meet the conditions for rest

the prefecture, municipalities, et c. s o

di stributed, easing of restrictions may |

geographeéc@il. eangmunicipalities).
Conditions for l'ifting restrictions

I n areas where the restrictions wil/ be

ensuring a sufficient number of sampl es

i ndividual differancesns,saasonhhke pariod o
and the results shal/|l be below the standa
Parti al i fting
| f a system is in place to properly cont

according to the distributisthhmdamg ithep ate
meat testing below the standard value may

Excerpt from the guidelines.
Current prefectur al initiatives against nat.
The prefectural government conduct s nreaadi & toiro
the safety and security of prefectur al reside
The wild game <covered in this survey are wi
pheasanbs]|] | sedotucks, mal |l ard ducks, acemmon t e
An overview of the survey results (wild boar
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Figure 22. Monitoring result of
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Results of Radiation Monitoring of Wild boar in Fukushima prefecture
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caesium 134 + caesium 137 activity concentration

in the flesh of wild animal (wild boar; 2011FY 2020FY)
I n response t o t hceo ospietruaattiioonn ,o fwitthhe tlhAeE A, we (
t hings, wh at met hods should be used to meet t
government to | ift consumption and distributio
As t he reqguirememni st ifemmis nldirfctaitregd rienBeth her igrug da
sufi cient numboérs agfequampldes However, there i s n
nor relationship between the | ocation where t|
the restrbetli.ohsewi |l |

2.4.2 . Results

242.1. Fluctuation and its reasons of radionucl i de:s

wild animalis fl esh

Figure 23 cakcw8mrth87 activity concentrations in

Asian bl ack bdarkusdhad ptaurPedc fiect ure in May 2011 tc
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Figure 23. Results of measuring the caesium 134+137 activity

concentrations in the muscles of (a) wild boars and (b) Asian black

bears

* The 1st quartile (25 % and the 3rd quartile (75 % are indicated by
the upper and lower ends of each box respectively, and maximum and
minimum values are indicated by bars (those less than lower detection

limit excluded).

Theaes183Mm+a87icvontcyentrations in the musclvas iaftiw

among individual s. Some of them showed activity
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Figure 24 . Caesium-137 activity concentration

s in the muscles of (a)

wild boars and (b) Asian black bears (in regions where they were
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* Each dot indicates the measured value for each wild animal.
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The survey conducted from 2dde8s-utdnmiac t2i0vii7t ys ecveerad
in the muscles of wild boars and Asi aoaibd-talZk bec:
deposition density on the s aipltsurcefd I(scecaet 20 s 2whle
the Soso Dipotkrui cbti,stKeaathtu and tKeée td a e svhBemm ed etphoes i t i
density wamedaitlisvxel y hi gh, Amainayn whoilladc kb obaereaas ssa nwah t h
137 activitys cwenrcee nctarpattuiroend . I n th-Ai AuzDi Pt stcte
t heaes-183mMm depositionwdepebkatlyoywmgagsepi Wsl d boars an:
bears wdaées-lbawctivity csonweernet rcaatptounr ed .

Lontger m vari aovtd aesactimi vriatdyi cso nicre nAsriaan oml ack bear

muscle tissues
To under stamm VvVa&amigati ons in the activity concent
bear and wild boar muscl e-termsuwveas|jcaes-d@88halaxze o it

censrahnhi bhe muscle of b o tohm shMaeyc i 2e0s1l.1 Daot aM acrocl hi

—~ O
o
® S Q@

Radiation Monitoring Survey for Wi ld Birds a
e used. Since seasonal vagiian iwnac webea¥dd ramd

-

sed on that repwseéed wioth dieims iwmemwse alcdtiwi ty C C
riods (Asian -BkEptk mbbeera,r : wiJdlddughermd : miAghi lact i
centpreatiioadrs ( Asi an bl-Jaarku a@dreya,r : wiNodv-dbadoaerh:) . D elkcsei m
t a tfhreo-a cotwi t y c o npeernittrdast lhaodgthi vi ty cpecieods ataod
riods combined, eatimatedweta h -mogdh6 faeaaenxeidd M act i vi t
ncensrabnhimmscle tissues (Bg/ kg wet wapghbhtp dat
each indiv-itdaal fcaamaseitiBory 1s0o i | de pPdaist iexm | @Ba@/t i©
i abl es. The estimated | i tseadrnfmodmalt i wans csre lteecrti
a resul t, a mod el t hat i-ncand bfda ensidBtriu rseo ida

depositions as explanatory variabl es wastsel ¢ gt

< O 6 T o o0 T T =
- O O 94 O oo 9 O =
>

> o
m -~

concentrati on -gcetriiwidt,y tchoeenchengthr ati on peri od, and
The {dt®emgn variati ome asshionnme dt raenddeci n ea%Wlopérdedce
interval of the estimated value tended to incre
period (Figure 25). This is attributed to a | i mi
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Table 2. Model of long

muscle of Asian black bears

-term variati

on of caesium 137 activity concentration in

Period Al C Del t a I ntercExplanatory va
Capturel og10-13"
soi l
deposit
Entire 151.60.00* 7.729 -0.0002 0. 1
(n=271)168.61 92 -1.057 0. 3
319. 71 03 13.93(-0.0002
337.61 00 1.768
Low act5?7. 0. 00* 6.819 -0.0002 0.
concento68. 1 9 -1. 497 226
period 22 1 .47 12.52(-0. 0002
(n=191)23 1 .25 1.706
Hi h ac20.9 0.00°* -0. 485 5
concent22.8 1 0* 1.252((-4.036&* 0.
period 35.5 14.52 12.34(-2. 486+
(n=28) 36.0 15.07 2.057¢
* Val isdD emotdee | Al C<2 . 0

51



© — L L0g0e
(]
o
<
— L0202
° e = LL'9L0g
Lo W TARm
— L LSL0Z
# gropd
— LLrhoz
a uummmmn__mi — L LELDZ
R — LLZL0e
[ [ [
(=] (] (=]
3 e -
(N4 B/

| o
o]
n
L1y ]
@
0
o
B
©
c
Q
o
| o
8]
o
=
o
@
=
T
5 @09._&.%» o w0 o
5 oo _
oE Oy %_an.
s
B oo ..Wh\_.u
I I I
o (=] o
g 8 =
bg) a[2snw Ul UOIIBIIUBIUOD JE-SD

L'L'0g0e

L'L'0goe

L'L'9log
L'LsLog
LLwlog
L'Lelog
L'L'elog

The high concentration season

10

L'l 0g0e

L'l 0Z0g

L'L'gLog
L'L'SL0Z
L'l wLoZ
L'l elog
L'LcLog

Date

caesium 137 activity concentration in muscle of

Figure 25. Long -term variation of

Asian black bears

52



For wi | d boar s, a mo d e | whi c ht riamcsifwdendeidd@ mpsar ke
deposition as expl anataocrtyi vv & ryi acbolnecse nft a raat di thoiewv ilpteyw
concentration peri od, and t he entire peri od w a
decreasing trend was okrgertebdfdeeretas amElwiadut mahéeé
similar to that observ¥?ed in wild boars in Europe

Table 3. Model of long -term variation of caesium 137 activity concentration in

muscle of wild boars

Period Al C Del t a I ntercExplanatory va
Capture | og1lg

137so0i

deposit

Entire 1514.0.00* 7.656 -0.0002 0.74009
(n=10311578. 3 87 -1.200 0. 7377
1865. 3 62 10.96(-0.0002

1890. 3 53 2. 444
Low act338.60.00* 14. 14(-0. 0004 0.7353
concent367.62 98 -1.425 0.7342
period 438.91 3017.66(-0.000414
(n=285)458. 71 102.168
Hi h ac720.90.00°* 2.738 -9.06%* 0.7308
concent722.11.12* -1. 033 0.7320
period 838.1117.186.631 -9.67%®"*
(n=456)838.9117.922.612
* o Val isdD emotdee | A1 C<2 . 0
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Di fferencaesecismoaimadi t vy cso nicre nmusadlienti ssues of As

wi lbadbar s based on sex

To clarify the differences in the degree of radionuclide transfers from the environment to the
bodies of Asian black bears and wild boars (depending on sex), we conducted analyses using
monitoring data from the Radiation Monitoring Survey for Wild Birds and Animals by Fukushima
Prefecture, in the same as 1) Lobgrm variation of radi@caesiumactivity concentration in muscle
tissues of Asian black bears and wild boars (hereinafter referred to as 1). Data used were divided
into low and high activity concentration periods as in 1). In the low and high activity concentration
periods, a linear mied model was estimated with logitfansformedcaesiuml137 activity
concentration s in muscle tissues (Bg/kg wet weight) as the objective variable,-togri€formed
caesium137 soil deposition (Bg/A)® at the capture location of each sample animal as the
explanatory variable, sex as the interaction term for the explanatory variable, and the capture year
of each animal as a random effect, to examine the effect of sex on the relationship metwee
caesiuml137 activity concentratiofnin muscle tissues dncaesum-137 activity concentration at
capture locations. Subsequently the model selection was performed by AIC.

As result, for both Asian black bears and wild boars, only logrBhsformedcaesium137 soil
deposition (Bg/m) was included as an explanatory iable in the models selected for each period,
but not sex (Tables 4 and 5). This result indicates that there is no difference between sexes in the
extent of radionuclide transfer from the environment to the body for both species (Figures 27 and
28). Sexualdimorphism (i.e., body size) has been reported to be an important variable in
ecdogical factors in wild animalfs: 14). It is known that there are regional differences of Asian
black bears and wild boars regarding sexual dimorphism in home range sk&thsekction, and
behavioral pattern§?'®. In this study, it is possible that there are no differences in sexual
dimorphism and associated ecological factors in Asian black bears and wild boars in the region
compared to other regiondzuture studies foecological factors such as behavior and sexual

dimorphism, such as in body size, may shed light on these factors.
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Table 4. Linear mixed model estimating the effect of sex on the relationship of

caesium 137 activity concentration between in muscle and a

of Asian black bears

t the capture location

Peri od AIC Delta AIC Intercept Explanatory variables
Low activity 69.1 0.0* -1.372 0.7076*log10 (Csl37s o i |
concentration depos)ition
period 78.5 9.4 -1.370 logl0 (Cs137s o i | depo
(n=191) Sex
Female: 0.7064
Male: 0.7076
229.3 160.2 -1.804
High activity 29.1 0.0* -0.485 0.5785*l0g10 (Csl37s o i |
concentration depos)ition
period 34.5 5.4 -0.275 logl0 (Cs137s o i | dep«
(n=28) Sex
Female: 0.5535
Male: 0.5146
41.2 12.1 2.057
*: Val i d Delta Al€<42.0
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Table 5. Linear mixed model estimating the effect of sex on the relationship of
caesium 137 activity concentration between in muscle and at the capture location

of wild boars

Peri od AIC Delta AIC Intercept Explanatory variables
Low activity 350.2 0.0* -1.300 0.7192*log10 (Csl37s o i |
concentration depos)ition
period 356.9 6.7 -1.344 logl0 (Cs137s o i | depo
(n=285) Sex
Female: 0.7178
Male: 0.7349
442.4 92.2 2.211
High activity 650.7 0.0* -0.776 0.5785*l0g10 (Csl37s o i |
concentration depos)ition
period 659.0 8.3 -0.794 logl0 (Cs137s o i | depo
(n=456) Sex
Female: 0.5535
Male: 0.5146
762.6 111.9 2.561

*: Val i d Dafta AIE<2.0

Low activity concentratiorperiod High activity concentratiorperiod

30
I
4.0

35

Muscle "'Cs  (logs[Ba/kg FM])
Muscle "*'Cs (logso[Barkg FM])

o - Male
w | -Female w - Female
T T T T T T ° T T T T T T T
3.0 3.5 4.0 4.5 5.0 5.5 3.0 3.5 4.0 45 5.0 55 6.0
Soil 'Cs (logsoBg/m’]) Soil "'Cs (logyolBa/m?)
Figure 27. Relationship of caesium 137 activity concentration between in muscle

and at the capture location by each sex of Asian black bears
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Low activity concentratiorperiod High activity concentratiorperiod

Muscle '*'Cs (logo[Ba/kg FM])
3

Muscle *'Cs (logso[Ba/kg FM])
3

. Female
T T T T T T T T T T T T T T T T
3.0 35 4.0 45 5.0 55 6.0 6.5 3.0 3.5 4.0 45 5.0 55 6.0 6.5
Soil *'Cs (log;o[Bq/m?)) Soil ""Cs (logso[Bg/m?])
Figure 28. Relationship of caesium 137 activity concentration between in muscle
and at the capture location by each sex of wild boars
24.2.11. Rel ationship with the animal si feeding hab

In the results of feeding habits analysis for wild boars captured in Nihonmatsu City in FY 2017,
many individuals that fed on nuts (e.gl,a p a maks and chestnuts) were found during the
activity concentrationincreasing period (September to November) and the high activity
concentration period (December to Marcihe results ofcaesium137 activity concentrations
in food are shown in Figure 29. Nuts tended to have higteesium137 activity concentration
than herbaceous anld e r frupgs. The relationship between the feeding habits of wild boars and
the activity concentration odaesiuml137 in their muscle tissues will be investigated in the future

using DNA analysis and other methods, with researchers tattiadead in cooperative studies.

25

20

1.5

1.0

0.5 i

Cs-137 concentration [log10 Bg/kg, dry weight]

Herbaceous plants Nuts Berry fruits

Figure 29. Caesium 137 activity concentration s in herbaceous plants, nuts and
berry fruits
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Soil sample (5 g or 3 g)

200 mL or 120 mL

Artificial gastric juice added s -
(solid-liquid ratio 2.5%)

Vibration 100 rpm, 4, 8, 12 h, 39 °C

pH adjustment(pH7.5) 0.2N NaOH added

Artificial mtestinal fluid added

200 mL or 120 mL
(solid-liquid ratio 2.5%)

Vibration 100 rpm, 4 h, 39 °C
Centrifuge 3000 rpm, 10 min
Filtration 0.45pm membrane filter

Filling of filtrate container

Weight measurement

Cesium 137 measurement

Weight of empty container
measured 1n advance

Artificial gastric juice :2.0 g/L. pepsin solution prepared with 0.075 NHCI
Artificial gastric juice: 1.5 g/L. pancreatin solution prepared using 0.2M phosphate buffer

Figure 30. Experimental methodology for leaching of radio caesium from soil in the
stomach and small intestine of wild boar

In evaluating the transfer afaesium137 by soil ingestion of wild boars, we devised a method
for soil radiocaesiumleaching in the stomach and small intestine of wild boars (Figure 30), based
on the "artificial digestion test method mimicking digestimnthe stomach and small intestine of
pigst®" as shown below.Data collection by this method, using soil collected in Fukushima

Prefecture, will be conducted in the future with researchers taking the lead in the cooperative

study.
2.4.2.1.2. Relationship with the animalsi habitat
Changes in wildlifeakrcsBiomt misatamwmeea wmddiuse | ocat

|t has beent repags3it7emdactth av i t ys ciomceme r musohe tis
ani mal s ar e positicvaeel syl 8dho rarteyliaxd eerdc ewittrhat i on s i n

caes-13u/m t hese activstywreomosntnateilgmaeslrd/ml abed

deposition in7lt h@nenwdgwintmeentr eason f ore tchae sielam
137 activitys cdoahuckeetsadsomal use of l ocations f o
ofcaes-18m contaminati on. I n t hi s study, therefor
bears wearing GPS collars in Fukushima Prefectur
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changes in habit adaeassiled fa ncdo ndteagmieneast ioofn i n t hese |
I n 2018, bear traps were set in national forest
ani mals that were captured in the foyvedHtusnt ohgKel

were anesthetized, fitted with GPS collars and r
Tabl e 6. Age estimates were taken by sectioning
annual growth rings at t(tThe rhoontes riam gerso s osvenc ti ino
using %Menl®&mOm Convex Polygon ( eMGPa)f t(eFi gruerfee r3r2e
GPS coll ars worn were set to record one GPS |l oca
SN\l < -/ O R B
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Figure 31. Capture locations: Traps for bears were set up in the national forests

enclosed by light blue lines.
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Table 6. Information on captured individuals which are obtained by behavioral

data from GPS collars

I ndi véd Sex Age Weight Data peHome r a

I D size? (k
100% MC
AMO 1 Mal €9 7 4 2018/-71 74
2019/ 8/
AMO 2 Mal €10 1114 2018/-8/ 104
2019/ 7/
AMO 3 Mal €4 53 2018/ 410269
2019/ 7/

o ”‘ﬂr}h N7
. ‘_‘7-‘\ 5/ :.\.‘ el ) 5
SV ERAWY |- - e
: /

; J().L\)‘:g/ {1‘! 1?‘.};,9,’/‘-- :: Hj‘- i AETN i
Figure 32. Home ranges of each individual estimated by 100% MCP

Using the behavioral data from these GPcSaessilumr s
137 soil d e p?F kaitt itohne (uBsge/ m ocati on.%Besowmsieand oBmit d
Movement?°Mbdetafter referrenBBNMMavwwe rBeB MuMs) e ca nfdo r5 Oe
ani mal and each month wusing the obtained GPS po

use area. Random points were the?% ncreeaacthe dh oante ar adr

i nt ensi v eCauesseil Gair lesadlie p o s i )i oant (eBagc/hm r andom emi nt

a caelsdiumoil de?podi yge oAddhtplizvedld d e | (hereinafter

as GAMM) assuming gamma distribution was esti

caes-18msoil deposition within the home caeagiesman
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137 soil deposition at the obtained random point

ranges and intensive use areas wheplkamnator wndami
and individual | Ds as random variabl es. The esti
Next, to analyze rcalestliddn shiips deeotoweden ons and e

we created an outer contowal sofan@Pg§emeirmat £ df @0 Oa Ir |
within the contour.

Then, environment al factor s (i .e., el evati on, d
veget at i ofma glubse ecrhef darteas t , JQaupear causse )ca & ksrpdud ta, berri
(g.Mal us taonrdierpspus) forest, pl anted forest, coni f
forest, shrub forest, graes-iamd sonbdkedepbantd] pnaas
point were obtained. LinexraemdB8&| ¢ hewerseo i ds tdiepatse
random point as the objective variable and each
The estimated models were selected by AI C.

I n addition, to clarify the seasonal abriasi ars
| ocati on, we obtained environment al factors at r
i ntensive us e area as described above, and t hen

factor as the objective vaméd arbdrege d handnoinnthen s1i w
used as explanatory wvariabl es, and individual | D
To further clarify habitat selection for each
(hereafter referred t o as GL MIM)i oas swansi ngsta mht
environment al factors obtained at r amednot mm opnoeidn thso |
ranges and intensive use areas, with the binary
home ranges and ZXnisfi viet usas airre at aes itrhte obj ecti ve
factor as the explanatory variabl e, and individu
were selected by AI C.

The resultscabseivdt $biatk deposition dvid hnot t obkar
seasonald¢yges-iwdml =o0i | deposition within the inten
seasonal variati on patteanasaathif eirtey ¢ o omaoe nthreatria
muscle tissues which deerneda stehse nf ri onne rsepafsi ensghdtueri ismg

a decrease from April to June, and a sharp incre
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Table 7. GAMM which estimated monthly variation of caesium 137 soil deposition

within the home ranges and intensive use area

Use | oc Al C Delta A lnterce Expl ana

vari abl

Home ra -316853. 0* 2.29*%10
-316631. 221. 89 2.30*%10 Month

I ntensi -32344.50* 2.55% 10 Month
area
-32240.4104.16 2.55%10
* o Val isdDemMdtda€I<x2 . 0

deposi
(Bg/ m2
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|

I
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|

7] — ]
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Figure 33. Seasonal variation of caesium 137 soil deposition within the intensive
use area
The center horizontal line indicates the mean, the box indicates 75 % of the data,

and the bar indicates 95 % of the data.

The blue line shows the regression curve estimated by GAMM.

The results of t h ec areestiaBtv osnosihli pd ebpeotswieteinon and e

in the study site are shown in Table 8. wélolcaaso
|l ower elevas-idmssoil depositioG@Gaes-h@mdsool beepog
tended to be higher inotheéeghecaticonssi poyfo pboereccieho tf a0
broadl eaf forest s, c oonri ef setrso,u smifxoerde sft osr, e sptlsa,n tsecdr uf
naked | and. Oncadédel dmhseaoi Ihadhaposi ti ons tended to
a higher proportion of Japanese oak and Berry fr
Seasonal variations d fn darhwi rhoonmmee nrt aan g efsa canod si nt
described i#87Fi(dbasesd 0 t he above resches-18%m the
soi l deposition and environment al factors in the
positi vrestriedsaawisti®@m soi | deposition. Regarding t
were negati veedes-Ir8m astoeidl tdoeposi ti on, a similar p
muscl ee tciaseslsl W macti vitys cwansceamlhsganVvoohord mentadll fean

63



Q 4 —7T T T T 9 »nw O T o
> 53 O O o O o v @ X

| o

wh i

fr

cept for berry fruit forests in both the home
ttern of environment al factors may be account
es-18m soil depositiaomge widarhd nwh yh et thexcn@ee ssisBh a | [
il deposition within the intensive wgusaesaB&a do
tivity concentration i n muscle tissue. On t he
siti veed gtaces-L @ s oi | deposition showed a patter
the seasonalaetsdmuimmtt omi b ys cionn cmeurstcrl aet itdm sues i
th in the home ranges and inlttkeliyntdmdi s assoa
beech forest use afdaed-isB Fcetaisvointayl cwoanicineantriur cartt 4i ¢
e seasonal variation in use |l ocations pattern
ea graduall ywsenofebédseatdheantf forest s, pl anted |
wer elevations from spring to summer, (resul ti
il e gradually increasing their wuse ofelJdeavpaa n eosnes
om autumn to winter.

Table 8. Relationship between caesium 137 soil deposition and environmental

factors in the study site

) Regres: Stand
Environmen . t val Pr (>
coeffi erro

Di stance
-1533. ¢ 93. 8 -16. 3 <2-286
far ml and

Di stance
-1820. ¢ 87. 2 -20. 8 <2-26

urban | and

El evati on -5415. 7 102. -52.7 <2-26
Beech fore 22147. 185. 119.:7 <2-&6
Japawmake f o -9347. 1 171. 54. 4 <2286
Berfrryui t s -8170. 2 111. " -73.1 <226
Broadl eaf 10521. 94.9 110.¢ <226

Coni ferous 1514.9 81. 9 18. 4 <2-286

Pl anted fo 9818. 7 103. . 94 .5 <2-286

Mi xed for e 1573. 3 82. 4 19. 0 <2-286

Scrub fore 1901. 4 82. 6 23 <2-286

4363. 8 88. 4 49 .3 <2-26
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Figure 34. Seasonal variation of environmental factors negatively related to

caesium 137 soil deposition within the home ranges
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Figure 35. Seasonal variation of environmental factors positively related to

caesium 137 soil

in home range
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Figure 36. Seasonal variation of environmental factors negatively related to

caesium 137 soil deposition within the intensive use area
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Figure 37. Seasonal variation of environmental factors positively related to

caesium 137 soil deposition within the intensive use area
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seasonal wWarciaek8B@macti vitys ciomcenmtscéatei ooni ssue f
environment glesftascttdhras swe@soaakd3d & macitaitviiotnys i cnoanyc e n
be affected by seasonal variations in habitat us:
as opposed to habitat selection.
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Figure 38. Habitat selectivity of environmental factors negatively related to

caesium 137 soil deposition
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Figure 39. Habitat selectivity of environmental factors positively related to

caesium 137 soil deposition

2.4.2.2. Management of wild animals in the area contaminated by radionuclides
2.4.2.2.1. Monitoring

Figure 40shows the activity concentration chesium134+137 in the muscle of green pheasants
captured throughout Fukushima Prefecture from October 2011 to March 2022. Since then, no
individuals have been detected witlesiumactivity concentréions exceeding the food standard
values. In recent yeay caesiumactivity concentratioa have remained below the detection limit

in many individuals.
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Figure 40 . Monitoring results of caesium 137 concentrations in the muscles
of pheasants

2.4.2.2.2. Investigations of wild animals around the Evacuation- Desighated Zone

(EDZ)

Genomic DNA of wild boars weanss eixn r RBrkedsehciftrmes m B 'h
speci mens i Rr eKfuentatmuorteo* |, and s ubsjeegc tainnmag ytshiesm tAcs aa
tot al of -BB&I| eSatnigdpme ipsomtsy mMo3SNPs) 2@erfore xa amfcitremi |
geographical trends of popul ati on st Pruecfteucrteur & hvee
classified into seven groups based on their capi

Prefeaotor enie togpolesgin total) (Figure 41).
A STRUCTWMREBI ysis and cluster analysis using the

Accor digkvga ltwe under STRUCTURE analysis data, the
t hey dwviewieded into two genetic | ineages (Figure 4
revealed two clusters that can be divided into a
southern Soso Distrienta,n IDwasktir iDéiteaaorfd rcetd leunddu rKee,n ar
group i nhapoku ni Kterrhiuc tDi skterni ct and Ai zu District
and Kumamoto Prefecture (Figure 43). (*The meat
are provided by Munecmanspa BKyoyupssaAlssst a mat ed kgene f |
wild boar population distributed on the east sid
we st si de. The results showed that the gene f ¢
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popul at % nw@as0g8eater than that from the western
The results also indicated that gene exchange w
significant than between the east aod: weét7®wpopwli
the west popul ati on: 89. 7%) . It was expected t
mai ntained as separate populations across the AL

would be little back and uflarttitonlse t(Wwe ggrureadh )at he
Figure 41 . Grouping of specimens after their MIG -seq analyses and the number of
analyses

Figure 42 . Results of STRUCTURE analysis based on wild boars DNA data

2 colors (red and green) represent genetic lineages suggested by the
results of STRUCTURE analysis. Ratio of the colors are of the lineages in
each sample shown by vertical column (0.00 -1.00)
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