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ABSTRACT

Nittaya Wakai, 2019. Radiocaesdumodi st oi bowi
Fukus-Daimac hi nucl ear power accident. Doct ¢
Japan.

The accident al dahaigiecloif nhel cakugdwena pl
had r ell maaged amount of radi o®Onel iykekeag tad t &h
accident, Yamashita et al .32 0aHaflei:nv3els tyiegaa
i n hundred species of wil- Ipllaagnet,s iimd iacgartiicnu
pl ants wer e c'éCst.a ndorvetyeed | Wittnrot i denti fy f ac
cont amiOma ttihoen.ot her hand, removal of the sc
met hod f or!3Gms niimiad mipadgthi sdssdod | Tareril at e.
no studies available on soil I mprovement b

research were!iCe icondeatmé mmitn®nt legree of so

and the neighboring vill agesatwiftyh fai€sfoa rse mtf
concenitga@itli oaand wi |l df pbannssi &ndot wahsdf et ant
effects of cattle manure compost a¥plicati
di stribution in rice parts.

For tshe afmidr second aims, we collected soi
di fferent |l and use types, including-agricu
village and the neighborindsarienasagirn ca0 X 4.

ranbettween 11 4dndvhli4 ekBdakg in the roadside
was the high®stan@héhalkeBgolkiawt ain soil with
matter showed thHhe ICowesint @tk BopdRGgmar ¢ rans-

not significamtlpyaditf fspreente samologvnbutn tthhat s



for the same species grown in diffé&fCesnt soi
uptake of plants was ¢testsr off | ptl aldy s pielci eac
reduéCesd umptyakve | d pl ants. Al though this is w
the same mechanism would occur for wild pl a

For the third aim, an expeceéeimeinnagldifffeedde
cattle manure compo¥dt am@, ric,e dARkiamkomadch
2015s a rieeseulyi,elrds i ncreased with increas
application increased extangeabkatKatienul
the treatment with complp!sds acpopn ci ecrattri atni orna t:
transfer f awteores tihre fdiowwe sgadteyv el . Il n this
the greatest . 3o sikwemisr aneiroen sgroefat er than ir
panicles were below othe wietkeéd@bheud @Dtet . ha
0fl3C&K were greater in stems than in | eave
concentrati ongs$ hefTshGaslea nrde sMigl ht asth 1 enxdci hcaant geeda b | €
and Mg der i wviac ufrreo m oanptotsip ¢ @k é ean @ d'ddshter i b u 1
i n rice.

I n summarfy,un’dCs hmadndentrati on was higher
those in agricultdie apdakmeubtyaiwnl|l sopl ant i
factors rather than pt€eatispeccespanansg i es
of K,dM@aaderived flirmofro rcrnaaéCisoenc coahamenat i on
and wi | d pl ant s wi t hwi doilef f es efna| | ddds meeo v
contaminaat-@aggmsciull t uCatt heemanure compost ap
fodurcé®g uptake by rice in addition to soil

Key woatdtsl e man!'ddse, clegmpdset , soiwli pplangerti e

Vi
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CHAPTER 1. | NTRODUCTI ON

1.1 Background
| mmedi at eFykasébaimadthie nucl ear, PP@wer dphant

i n Mar gsho ne0 lalr e as rf e fFencktresrleicdmrutead a @i oact i ve
cesildOgcont amiSnmd é otalge i ctul ehvardaele nf ilecl®die f al | o
yehntteopatehi s saintall atoipceopbe ,monir mt*ds ngn t he
fi el dmo viyrhgecont ams maattde dp | a n tf 9 efladss nr vet choemme n d e «
(FukusBmwmiar onment al] 3Seéhiosmeww&ent ér odbtr ®wodl d
fiehtdsr mat hendobst!fdsbuts winl ofahdepdiahferémt t
usens ghtusbé&ul for managing .Phevideuw'stst,amt ha
contamolamib®&dpeci es of wil df peéiland $t8i tidnma gaeg r i C
FukushathabeenYampohit,2@ ld)Hoane.ver , tohet hef or |
fact or s iasfofnetcatminngattihon had not been defined

I n additthieosbr aregbeeagng c(uplatdudrya bfriled ndd) e
croppveéng@ ereac ommé MAE &, . D 0Osluzr)f ace r ®tnoo alad seer
effective eméi€®od nfpaddwut sthhes oltaswel ferti
Application of ®rdignpneodwoimlat { Br & ledtivegR 0 V7)
buteef hel@dostri butishmsi moneipiogpepda etvi .ous st u
1. 2 Ai mutdnde of the thesis

The contamCsesat inon amfdacreé ¢ o0 woafd @ s csésne af t er
FDINPP acci dsmrit noWitche assrteea n regi onhEée Japan
contaminati on Ilimf osromaltt tmeedgapefeauntb 8t ami nati on

and ofloatntf f eygpoaft and use,t e fwedtlorass’Caf f ect i



di stribotl owekospgbhesmessary f ornaftutowmr ewod ekc
and research
On the ot heesnhagnidefsasetgundai nt ai ni ng soi l p

pevendfi’édsn cont ariomalt accepn psi al

At mosphere

Radi onudd hdllefe: 8 da
138 haliffe: ,12Cylealifp: SOc
—

13¢s i mpact i H

(Chapter

ﬂ 13Csdi stri b

s osi lwd it thf er ¢

(So)i | use typed (

13¢s deposi

FD1N®®ci '>

(Chapter
-\

Redi strib|e—

|

(Pl ant 13Gsupt akwi |bdy
13Csvaal ab (Chalter

Cq st adsloe )p
—> | (Cha®ter

and pl an

13¢s distribut
and etdhuecdtti roat e
(Chafdter

s

Fi gull®r gani ztateheni of



The objpéct heresesremht were to
) est i madeeegr €3 sotont amiorndt iamrd iwhked pl ants |
di fferent dmd dt eutstdeftyffypetsdiCs af f ecti ng
di stributiwon diemlossayi(sl€ leaafyd; e r
idreduicoh®efin soil and riceChéa4eeadh soil n
i) examine the factors affecting cesium ai

fielfdsthVit aage (Chapter 5)

Chaptregvseehve r e'PCedarsttetoeo fenvama nimesntdi §i el dst i o
I n t hisweichtapdleédintceet otadt eddBs8De ourAfsteudyt.he FDI1IN
acciteits,t ri bCsi bn bhe eaxieomdieeateyhaasnl y i n
t haegri cul eMMadwdvce®emt ami navbtber t yvpageohotl abhede
r e pofrrtemgubely t'éCrs d eposiitetic amdbén soil tloayers
organi Redniag tt reir b u t'fCsnshafe nt ceondanruombleerd obfy f ac't
Mec hasoitds uptake by plants have beabnoutt udi ¢
t he offf eccanhbaicni &1 snilteecdo.nt a mif n &¥hieo m o nit mgni nat
agriciilglufdiarl r i cdheebe@h b mp &l abteerctohned a hyan 0o mp a c t
been extensively studied

ChapBerestehnet results of thelbseddissun btalye We
soil of di$Wwerendi dminfdi cudshee | i dedsf biune htbme soef
l ands had ba&neunmbaefrf epflt sefidd ebtygr own i nplcaognt ami n
i mportanndismdHé&sad evel in tMWeifouasipe dhtaitvei:
wil dspdawmn in same sdiCls chomaedi cmheasdmer an :

(TF) | evel osceftnhseaoet rsgoredcw rie lsi n d sufgfgeerse n tn gs a ihl.



therpoientiCasl ufboymikled tpd athd ect ed by soil fac
of plant species.

Chaptpr esteme $ efsoart érgégCisc i n rice plantss gr owl
after theurdcmae@adt toffe manur e coaespooislt fwearst iulsi
after ofehsewraffmdaMde found that application of
i ncrdeasee yseacdssendbdsd i n ricleéCopldingt piabutsi
in rishebpkanmoanaxpr essvad ensi nari cre.'pdsant pa
I Br anesdproriti fveitapke atnrtana @roe gwedrtf ound t he s ame
13¢s and K concentratpamnilhidiCedsrtaeinnso r> w aesapvaerst s
usednansdi c atrort roafn stlhoecid iCisdria tiibodsf tat edt t he di
trans!| osbaettivddtdsy ane K i n3dMed d owind'@dgh/lak nrt st. i o
I n swadsmsgyher t hoafn riinc els egarvoevwsmi tim r el atiirvel y h
contirwasst hi gher in | eaves than in stems in ¢
13¢s transporof toi a@peleantesdtidsy Ca and Mg in
Chapt er edteme results of e xhtarea cd 0 rochu detexepde rii m
| aboratory wusing stable cé®ixuamt memfsfsestatd o f
contact ti mesa,ndompetenbiIceetsiiouom sadtsloe mteirand i n
soi |l s. | nexaadnditi i @ dosofff ewoeti | tamendmam| e cesi um
Chapédeirssubeefact diCs afrfaemstiiemgeicro ssgddiflemand p
13¢d deposited oqwitshe idmuaumad, Toce upe adefid@ddn at ur al
transpiom t @dtiafefthesrp ie mogis op rl oipe@mtd concetdGst.at i on ¢

ri,t%€s transport betevbyprotdr gaond icatglomnitcwinld

physi ol ogy.



CHAPTER LI TERATURE REVI EW

2.1 The FD1NPPaccident
Thacci dentath hdam®ddgMaPrPc hi n20 k&l saeragreo u n t of

raduoliidelsddildgPel3Esl*CslBallWgan™®™e nt be
environment (Chino @heobathel, e29da4ddi WhHiDhb e R204&S8)
FD1INPP anasisdemtat ed at 7ThG@atpOpdv@stiemaatBegl v 15 %
fromechernobyl accident in 1986 ( Neasktismamad :
fofPl{ hdaliffe: 28 %db3shal f 2 eyear3s®t3@shat¢lfi foe: 3
yeals9( Makashi ma, 20R&di MEEO}L RtB@%NV)i.r onment
via diepescti ti on o(fdrfyi nckee gpoadritfiiacdl hepsu t( wwitt h r
depos(itROIM)ARDE&R )t htehiempat®Wesnti n the land res
critical | ss-luieifsd ehcnadiga B e s e haf @ man tfheo dAss.ci
Japanese aut horciutlitei$svnapitisbokd yio iosnaeial mw infed€ « d
higheb, 00@anHB80kkm radius fheea drsoenmaf ED1 NRR t
(TFrpwdél Dapt odecoacandfr’@d nopi ceaus®0 Bd hleg

max i munp elremfi el gpfaor(dS ai t oT, hiRiOnli2s)t ry of Heal t h,
Wel f(aMHLW) est abl iadleedsd 8 opbfoolrig sriaodni ocesi um i

vegetables, meat, and f Helwemne rkph rAopruiclt s2 0In2 ,1

maxi mum | imitiwomfgdod®r Blgi fkgpd chsn,t dxoldud mi | k,
beveswagsetabli shed (Nihei et al., 2015).
2. 2%Cs distributiosn in soil ecosystem

Due to the several,raxpbaoasionsd?iswe rieDllNPiP

di spemsed t he at moisnpgdb ehree gt Efswadke pfeadlilbn t he



grouhdoughpadotahncdd ewye twi ft d. IrRaasénh @ scnfat ke posi ti o
di fdfeeprend on met eocs({ Chog.RDalldabsdi(L9OG®B) repo
13¢s f al |l outi swiwedhd ersapirnefaadl It h A f t* &rdyd edpeopsoistietdi,o
itstrongly adsorbdediemageméd&npabyi chemi cal a
proessMb s movement i n aphtey seincvailr omrmemds si s( F
McHenryThpPsopeidfsy can merased fer measuring
Soil erosion and depositionplioask, eaodewaser!| b
are major environment al concerns matowmal t h
process, many human tahoeait wist ioefs shoaivle eirnocsrieoa
reduces soil productivity, scars the | andsc
Mc Henry Mal13u@)%.2605hn!l r e pCosmitrgitdochd Wweaticht o t he
soi laftfagerthe FDabdPPsaBmamegematyear
2.13Cs cipct bes clared

OncdéCs s depaost hedleaafdomison g *tCisme . deposited
t hseotiHr alughect deposition bfomftbem semesphen
from veagerdeadepoons,i ti on of er odeldCss oiinl cphaerniicce
and biologssal iamidbedmaj otCbambuesmeaohren the
physi cads palbcaes swat(eRi tacnhdi ee raonsdi. oMic Henr y, 19¢

Transpérssicrodss the | aredyedapge oins '&wiesl t o and
di stributed ads owremteitamrt i ammd vad Shsr pan owne g eTthaet i
canwashémed the soil (Davis, 196@s;, iDmihd!lmamt e
rteueedno the soil tbcompbsUpip@dksmatmyonveget ati or
soils (Davi s, 19p3por Devbat eKe(VEYmMahl1l®87®H9 7 H5ar t

1975) is |l ess important than direct absorpt



et, all975). 'Fesmdwalm afhe | andscaplkeasimah | harv
ef f(eBcrtown et al ., 1981).
24Decont anifrr@Qsxcioom ami ndtoed olwaD@N®PEi dent
Decont amifnat®@sm ncont ami natl advéia ¢ mii ¢ e lRtOulr2a l
Three methedesmmern ¢ eadbniohseur s @ ¢ & i )i osne poafr &t ne
parsaondeiii) reverse tialbltahgeer CEHABEMS 20 D2 b e
t hneost effecAticoe dinlbessghued®lii ozawa ethoalport2@ll
t hat O®6adesfaumvnaasdsoomeae/0 cm |paaydedoiid f Fuk us hi ma
on 24 M8ymROatl y, kKuaatdo feotQ fahh .0 h(a2O0olt2a)h sr adi oc
adsoobhed’0 cm Thepshefs hese st uddtensate mpehreosviazZle o f
tolpem | ayer coulh&anr &@dbeadfimnod eeoimu mhMdAHR R,nd
2013) .
2513C uptake by plants
Pl ant dJdfttsakKe oonf soil i s fswomrhornloy gdaapiroerd, s ed
Tlkand cal cul ated as:

ConcentofdCtsimnpl arwei( Blgt k g
TF

Concenot3@dinomoilwei BdqtRg
't i s gendtrhdaliley cosnc@rGsirmtd oml aoretl altierde & rol i
concentration in theEehilrloon i amgd zKinrec lof et ,h e2 G
Because tpheoipwsmiraali'dcCs)gseiumi Hdosest abl e
ces({C&lOYsukadahezZth@2a)ssabdbkeansport in soil an
could bedbyehptEsor It is well known that the
by pl and miobvatrt pbataseséséi um (K) (White and Br oz

not an essentisal betuepileankia fcoers ipuling retfhieicm e rhte s



potassi umhketthramugmor tsgr DAgser yputlPddinsfoefr Cs
amohgpearts (root >st eans>lneavderagKiatdhih 3 u lkaaadla et
2002aAni bhiingftf ect of K on Cs adsorption has
Tsukada, 2011).

26Cations ahf ebE@sdsgitlri buti omaritns rice plant

Al t hgeusgihum ( Cs) and potassi umb (tkh)a givoens ar
di fferent physical characteristics. The ior
the size of thehet,afilecbaepér osunfac€sdgihmtsoi l
oK (ionic réddiohansa2@@4nmpal . ,

Aft er tPhPe a1l N eossto,i |s truadma ¢ dfio@nst r ¢ Wisci ng
upt akelrctéepeen wedéhbySsaead et al ., 2012, Kat o ¢
2015)Sait(eodBpalk ttechdeatt hatco®snicemtr ati omasof bro
decreased by incr etabséon @ . e Xa2bOainégeoantmtieen dke di nt h
soi lamvkx ¢ ha n geecarbd eenhKrqait é ront hekmi 6. 6Becmobt eff
for réWsciupg ake by |l owland rice. H&wever,
upt akei satnrdi buglea@amti sp asrttisl. Pramkaowhy, Some S|
repor tkedc otnhcaetnt r at i on r e gt mhe st raafn{sBwtratehral ac
20080 diNNganfdydr dHy enionfhsi bit K adsorpti en and t
(Van et al ., caB8tjuwhi(Ca) b06B8ks the H and
pl asma membrane ofenhakKceptit dss( Bpstud iamihgl 96
Vi et s, Mmagagepsi unms{ Mg ) apgla(abppset ei.n Act®6 H) ng t
Heredia(e®@avjphgwmitsbf f KcbahtdmhwalG8ca upt ake

Overstr(g@b5f2oeutndalt.h art oilCao tphl acyosmpet i ti on and

ef fstot K adsor ptnigofnf.e cTth eo fde(a essmsiK atdsorpti



competition between Ca and K for binding wi
effect oWwh€a oObeul si nvemeydil ow. This finding
the transportatoindt®@sandcd @dawmrmulpaatrts. I n adoc
(190 FundntKyatnumsealiut i on efhfaedotead poiomg Cs upt a
pl ants (spinach), but whiggnint e cwaaosti it yon rCad wmmeald
Mg .

Baden thesse metvi eal yo Ke rbsiatfafteiCstn upt ake an
di stri bugleaomt parts.
2.Rli ce plant physd#sl gy uanud tart d lolni n g

Th®¥Cs in soil solution enters the root ce
transport systems, it deliveWbite aywldeBs oal
20Q00)TThed ati onship between Cs and K fluxes i
abundance and activity of transport proteir
me mbr ane oAf trerott ceel@ss.and/ or K |l oaddnpg in
which K is easier |l odd&angetnaPhanta8bhploes vi
i mi ts for Cs accumul ati on, the surpluses
recircul ati(oBuywge reototalc.e,l] 115995)

The functi on of f evraecnuto | & B t he ddi fferent

physiologically relevant functions, such a
signaling have been associated with the |yt
vegetati ve otsiymdthes.i cTHa nkeit i ons, such as st

protein stora¢dMavaguole89)] PSVs)
According to. |Icz2hhKoegctitvealcati on channece

tonoplast of the vacuol arf freemhnt d odr fofftegadgilit zp



or gansQr yrziac)es (s vheen demonstr asteslde dthiave da o tf
chansel ssat AanXporter encoding proteins (TPK)
i's present in diThereni st ipetcdbP&atvlalhkdlao TE KD ,
iI's larger than TPKb. The TPKa presents in t
TPKibsn the tonoplast of the protein storage
the effecttrsapgbrtees e rrBtseisnesl eaxrnt itvlee io6i cé ce p
physi ol ogical characteristic mi ght be i nvc

bet ween K and Cs in different parts of rice
2.8 Radiocesiumproperties

Cesium (or Cesium) means blue in LatinThe ymbol is Cs, atomic number: 55,
atomic weight:132.905, nelting point:28.44°C boiling point:671°C,anddensity:1.93 g
cm®. Phase at room temperatuselid, element classificationmetal, period numbers,

groupnumber:1, goup namealkali metak.

Cesium was discovered by Robert Wil helm
Ger man chemi st s, in 1860 through the spectr
Cesium hasinumber of isotopefrom 1*2Cs to'°!Cs, butamong these isotopesly **Cs
is stable in nature. Cesiusichemically similato potassium and rubidiunt*Cs and*'Cs
are not found in nature, they are emitthating theuranium fission process. They are
dangeous toliving cells as emissiso f b and 9 haveardatiay long malf a n d

life (half-life: 2.06 years fot*/Cs and 30 years fd#'Cs).
2.9 Radiocesiumentersthe environment

The primary source of raagst beucleisdesngi oft
weapons. The public has been exposed to the
l ongerexpotsas beubgeahinad in t Hee gamstt V avaor d,

t hheaj or source wa$ f adamo nauccclieddeenst s. aOnv e2r8y Mar



serious taldebrdenMi bk | sl andh el eaus pd wtelre pi
of approxi mat¥ehd-Bi7He P Bdjaywsd) ahnldh &I5f08 eGBq o f
dayHe)al t h damagendexp smatr addean ireported. On
the most serious nuclear accindelndari np dhwesrt op
of rddikrmenfdhi s acecliedaednedd gels ¢ a movedrtasdi eafnukc dngde:
incl 4%i vg, 76CsPBgYy, PEs) ,(8dnm®PBg) environment
11 Marchn2@attijtdentFuddias hicrha nucl ear power
occurrkelde accidenhat!| elamapgewer pl ants rele

radi onuctlheedesr onment .(Yamada, 2012)
21 Ef fects oft aamdeaées hum
Cesi(!td¥dcan be stored in t Hehef leemdtitagfd drm s h

anfMwas found to anmntdhpi scadseldd sre d itomer apeutic
cancer. On the other hand, radiatioarapplie
di fficult to hedlhe dnadltogiicmadu edbfdy cdas evse r
i's radiation si ckinlees sl amgle earrd ayn dems ehs Iwe ad
and, possi bTle efgant sleat hl. ower doses are ¢
fraction, decreased r atrreatafondi Viksicon,duchrn a
cancer may ot akhesredegeneti ¢ changes may not |
sever al generati ons.

OncléCsi gli stri buted in the environment, it

decades.
211Summar Kk noam @ ap s
After the Chernobyl nucll¥ar upt @aikede mty, ptl hae

been wi delny pstéGwmctisgpd .ake and transport bet wee

K transport eProt(alfsvsehraysn £1h9)9i 5n)h.i 185G st ouepytbagkf p e an t o



(Zhu and Smol derasl,. 20DD9 7 ;SmMWH idteg ,s ¥BPO ; Ha m
effect o&)cahcKumr § ®6moedt f e Ep'sS’Gd elNptomke ( Ev.
and Dekklhrave 16O MHowep @rpireetvd sotstbie e e odno nteh e
ef f easti nogfl el nfhaec t perteementf ounPds t hmtake by rice
pl ants was affected by a contbBdsnadiistnr iobfu tfiao
fields windth dWséfteypas has not been '&tsudi ed
concentration of soi l from roadside was h
mount ai ndissotirli.bise @mwcaof s throuy’@sfti kedmaeswe e
particlcehis,arwhaffected by raCes dndt wi bdti Fm
soil system had not been studied yet.

Since the FDmdPRoasco®émteidmci hge have be
studied. MZsni mhzipmagddy fields through r emo
recommended. However, that caused a | oss of

successf ulPdsy wpetdaukceedby, r2@e2;( Skato et al .,

2015). However, there are no available stud
manure compost. The present study found tl
increased soil n wteraibd ret K, i nCcal, u dainmdg Mgx ¢ hraerms u |

producti on'®@sndcoredarcterdati on in rice plants.



CHAPTER 3. FACTORS AFFECILA@BCENTRATI ON I N WI LD
PLANTS AND SOILS OF DI FFERENVI LIANGE USETERN |

THEUKUSHI MA. NUCLEAR POWER ACCI DENT

3l ntroducti on

On 11 March 2011, a mpjawihugar tsqguake holl
on the northe@abée ewvant o&utdea glacdhshee IiFtDsl NrPeéPa c t
systems, resaXdgliongi ams sievefr@ue upni tsi ef athe
pl ume containing | ar gien ca nuoduinntgs roaf( PCogacitd nviec
di spersed i nt(oMotrhenoatemomshpld éresOintlgad e@eunds
13¢s hlasng h@®6e&f yYyaadlsiigghl y sol.@bsieumncamtent e
human body through sa@aAvc¢ci so2010water, and fo

Deposdft3¢®non t éwasgrsopuantdi al ( fahakar eggemadbus
which wasseaesctedr i ncluding t heOHmrmngeth alf.
20L2)met eorol ogical conditi drmiKs noarmd ttahett ap «
TheCs canxkedl apessi after deposition and it
t hhmeovement off@& bertll%MPdhte®s can be taken up by
soil wat&hpotoée nt’Cmnupfakaiffdepphdntpg amn t he
species and!*EsheawanoluamhT wef i inndldsentssffeeirir ed fr o
the soil to the plants (Tikanrde fiesr rcead ctud aa se dt |
of U®hs concentr atlitsn cionn cee nplf &t tiesw@ail n , s @2i0l0 2
Hi gher Tmhdvigrlaaid@3er uptramkne soil. by the pl ant
Pl ants can béKbaodahanmnatdR@BiNeElcs r § dtacsrad et al

1997t)>Cs in cont.&nipd atnd & ilgagwdvicud t ur 8°Csar eas



emi ssion can be bolt3@s awisti mikn sgaamueaadsdymy tcem o
2014; | shiAftear athe RDUNBP ac20tiépoPds¥dmashi
accumul ation irepwi it & &pslo aunpttsaskaere doif e P Pafn t wi | d
i n MWiittdtage and!3@s utnrda rt shfad rpiflaaacttso rd iofff ewieldd d
on gmhedioavevedj dt hey mention t hlen eddéiestalof s
uptake by plants idi taifdrescteaendd Kpd ciratntspdeygs ileotlc
200QUnder standi ng t'HGs tirna nssopiolr taantd opnl aonft sy s
future management .Tohfe codonteacnii nvaetse do élrtaanhde pr

examine the degriacisessiiindent d mfufseet etytp elsamd t e

Tn

DI1INPP accident and t o3dsdetnrtasnbsigf heorhpilird raitcs or s

3. Materi anks hadd

w

2Sdmp!l ismog | sf phantws | d
S x different wil d prlhgenxtp rsepiedta deiseeswieir £i ¢ oh &
foll owedbbyewhatir on and Jafparce e enmlienstesh egd
are shown in Figure 1.

1) Artemisia indicaWilld. var. maximowiczi(Nakai H. Hara (Ar. indica; Yomogi)

2)At hyrium dwakidAmelf ron8atf o m@pshi da

At hyyokms(Eeastd h .8ahvr)i(ssty ok os;elebsaonegoza
HDryopt er i Matkd @b Dnfsoi ksy g eanrsii)se g o

5) Sedum sarmentosuBunge (S es a r me n Tsaorsmamenguja

6)Sol i dagolL.&®balitsiss sniaskaaviaa a)c hi s o

Five of them showed high’Cs uptake values as reported by Yamashita et al.

(2014) The plant samples were randomly selected and collected by severing the



aboveground parts & 3). Soil samples close to the selected plants were collected using

a soil sampling scoop to a depth of 5 cm.

»

Fi g8XRi ct whsee lodct e



3. 2L@2cations and description of sampling poi
Fi g82 eshows t he .Tshteu dsya npolciantg opnosi nt s ar e nt
|l ocation followed by an al.gftha&betliacmdl nammaeke i f
as an abbreviation of the scientific name
Locat:Apinndlac$®oal ti wer emasampl ed (L Ranad puapdlidayn df i
fi €lYygThree soileaampt es!| driwmerraed dcictliloescet ewde c o
sar menamd utmhr ee soil Jlaknp lwdhs cht itsheé ocaacdsli G
1 km away from 1P and 1U
Locat:Abdrel 2 oi dofokymesoRlist i weremacoll ected in

fi €IPdAtyokosicenswo ar eas &ICInhg eae csandl sdintpdh

coll ected at each plant sampling point
LocatAlymk® saxred stehree soil samples were col |l
BM.

For sites 1P and 1U, soils aRrRorpbkanes W& e?2
and 3M, the sampl es welrhe dalelsehc tseod i m nQ@c tpd ta
kept separately in polyethylene bags for tr
3. 2S@8mppdreeparati on
From each soil sample, the moistufkesoil

rest dvraisecdiat room temperature for one week
before the chemical and pbgsiicailt pThigas tyer
results are dni{eds OAC tjwei gik8e rbrass i s

Plant sampldes edemné 60OAC for five days and t

The dried samples were grounantJsped hBl @rodvalre
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3. 2Sadi | analysis
Soi |l texture fracti omeettihPoNda kvaais | td@h@Ea nbiyc t

ni tr(d@emd s'NH

t

he

mo i

st

S 0 iMKsC | w aast
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mat (S©OfYwas cal cul at ed Cwi7t2(P ®rdite® & [0oF jmmBeto 3 ;

al . ,. 1992)
3. 2R&di oactivity measurement for soil and wi
To med¥wsreradioactivity in the soil and

semi conduct(@GMX dle5t2e0chP,r Sei ko )ES&RBP| eTsokwer el
prepared for radi oacti vi tsyammé @ s wrf e neeancth btyo
cont @i8neront ainer, 48 mm in diameter .and 58
Lt.,d Osakhat,0 Jnaopraen tdheachpa ¢ B smamp lwea sc owrtaapipneedr i n
pol yet hyledmea ebapd aci m@ mi t o nhMletlacstuari en gGd | me w
mi nutes forDaegachhnaamplie was performed usir
(Sei ko EG & G). The detection efficiency of
nuclides mixed act?CWidapasn aRadirai s mtcd pued i Msgs

Japdh&gotigl ant tr dilnfsvhercabwtithattehde f ol | owi ng

13¢s concentratidon in plant (Baq
TF

13¢s concentrath on in soil (Bqg k

3. Results and discussion

3. 3L3@s concentration in soils with different

Tab3dle showdst tawthcentration in soil was hi
whereas that in agricultural ARinfdfsé3@wanst i n
concentration i n t hbeesceatulsseei e§f evats @fF esombbh

i nvol vi ngr tsiods gmdpt he .sl ope of the | andsca



The higheédGs lienvetlheofsoi |l of 1R!3@ds xpassib
clay particles accOmohhti &g OedpBo)rtthéés rtwhassts i d e
emi tftreedn t he FDkMPRbas Afadteaert idepw&s th emag mea h e
fixed in .Suayne@l®damgitd retséChs tfhaxtati on in soil
irreversible, &4Xd fediest mpiabutiicoemsofoccurred
er osSiomi,] aRil ghi e and McHenr'yYCs( 189ds00) r breedv i cernw
particle is strong and | imiting its movemer
was used as the tracer for measurdamng bsei |
explaindéCstrmaded hparetpiomlichee dhraodadsi de.

I n contrast, soi |l butomxdMbhadedat heghowta
13¢sThis was presumably due to the soil cont
slope |l.Andecdpag t 02 ®RIHsddseotr bsl to SOM as
interaction, resul ting i nKoeanrhaasnhci ¢ @ Codu€ayito v a |
that after the hEDMEMPRTr & @oirdvemmsr ef ai ned i n
| ayers ofThfeorleoswk ¢s miglwathias f ected by the coc
weak adsdiCpt ioomn SOM ahhedse accohnicnegnt r ati on i n
| andR, 1U, )sHoudndd r2e2G | ect the initial amou.

were | ess affectedn bwatleeerachi ng through r a

3. 35S@i | propeftisespafakecthbiyngi |l d plants

Th®eCs concentrawiasnpiositheeplyactherienoat ed

contrast, tllefvtad arsfodr ttha&ctpdorants @Fidunet f
33, indicating thds theplami s avwas i afyfmdt ed
the present study, however, the TF of wild

tended to ha(Ta b32ewa nTde BB aghwmBle@s h otwis’'a®€s wa's



not detecAred do Baaelittihfesroma 1P and 1U, in whic

13 amMdcakagbf exchangeabllea K, rmwedpekthiowal ¥ hat

K strondPCGs afpfteackt€¢s nboyl dpelraan tZshari® 93 mo | 2d0e0r0s)
According t(20®r@i)dsenedata awli t h ex&Shamoéabl e

kdal | ow3Chsi quhp tpd kaedobsyever, the present study r

did not3Csptakseoil containing high K content
Tab3d d°Csxoncentration and property of soils o
Sampl Land Number Numbe:r 13¢¢ Som CEC Cla
poin type pl amptec soidmpk kBqg?tk: % c mekl g %
(n)
1P Padd: 2 3 126 N6 1B N*a0 15 [BaC 47
1R Roads 1 3 269D8 49 NcoO 61 RcO 16
1U Upl ar 2 3 168 N2 77 Bb0o 1® MbC 13
2C Canal 1 (2 6 164 N3 64 0be 77 ©BdO 45
2P Padd: 3 9 182 MHN2 70 B b2c 87 NMd2 31
3 M Mo unt 1 3 6.3 5 85 BBl 11 RNcC 1@
*Mean N*Memsur edn@WMehsur emd wumbher of soil s
Measur ené¢ Waltthes in the same column foll owed

significarPr0yO0d) fdeprémk ey



3.3.3 The relationshipPCheumteekne pl ant specie
(ayCs uptake by the same plant species in d
Tab32@an@s howSbalatti @ sAltmak osgreawre i n di ffere
exhibiteldCdiddreaemttr ati ons and TF values
For i nSaadrndei,s2iPmaex hi bi't®sd caonhciegdt r ati on anc
di ffering from.Thiosei $opodPi e Helcayuxeeé as$s 0
| ower exchangeabtbBaK apndl hfAgcbceorrldN Hagn dt ol UEv a |
DekKdmR,699pplytiongt NH soil with | ow é€3€shangea
uptake .Bymplant g(19@&mdr tead ath i a;NHa ptithsey i n g
contaminated soil st3tsa ufsiexde d hteo dcel saoyr piti incerr ad fs
13¢s -availability for plants

Si mi lAdybkpstemave exhi bit®*@scomicgmenr ati ons a
val ues-2btyi Mes-6and m&s, respectiVkRily,i $hpamoba
because the soil from 3M haNQreNidndv &OWM hi ¢
contMimter ali zation of nitrogen thro'®dh SOM o
fixed to clay miné¥saslayarbkabltinhy dtoralpk,ant
199Bnm addition, among WHiwoo k2o0G,ceembsleeatund h ¢ s i
13¢s concentration and TF Auyad kies gweorse® ai pnp asroeil

with a higher SOM content



Tab32d3Csxoncentr atpilamtisn amidl d heitrhe eEPpewxdliwes soi

Wi Ipd an Locat Land '*Cs 13¢s i TF K* N H* SOM
type sof |l pl a*ft
kBq? kBqg™tk c meklg mg kg %
@
Arindic 1P Padd 14 N D 0 13 frop 18 f1c:1® Ha
1U Upla 17 0040 000< 20 .[Mo:20Ndab 76 Ha&b

Soal tis 1P Padd 729 N D 0 1.3 [ 18 Hdb 1@ K@

1U Upla 100 N D 0 20 f& 20 H[H#&b 76 Ha&b
(b)

Atyokosc 2C Cana 130 251 200 018 07 R&Od 07 M[wHc 73 [Ma8b
2C Cana 1%8 137 3ad 009 09 H® 05 M[ic 54 A
3M Mount 635 371 98 058 07 RNOd 34 [H&Hb 85 K4

Soal tiss 2P Padd 1®2 276 3@ 021 08cd 59a 49b
2P Padd 729 216 .18 030 10c¢ 38a 440
2P Padd 168 397 3 025 07cd 1.7b 4.4b

(©

Atdel t oi 2P Padd 133 290 .79 022 12 RiHc 11 Hidc 16 K8

D.t okyoe 2P Padd 180 563 28 028 07 [M®Od 06 PRBooc 58 HIiO
(d)

Sesar men 1R Roads 268 200 786 008 03 RN® 08 RO 49 R
*Measur eddl VMe Asur evd ,BVMe d\iSDONot deltesd etdhan 3

kg) ,Measur end Bi, t e x Seapt edsnifm@P KYal ues i n
same RelOpaébedh ydrda kreg/t

col

umn

foll

owed

by

t he

t he
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(bfCuuptake by different plant species in t1l
At |l ocation 2 (2P and 2C), we coll ected
weedloa(l ti)ssama t hr ee Astpek 0 s 6 kedaesl et foe,@mB. r O n s
tokyodensNes found that thelSCs pcloannctesnt @l ii mintse
val aedldz2@and Our result s, howeveur(,19dAidfif er ed
Yamashi.t 20,B4Wwhaol report eldCst huapit apkoet eegnit ri thH d yn s
t hei r .lsapseacti(det Q! i fi ed their results acros
found3@shatccumul ati on in dicot species was
mo n o €gortasgisre st he present stugy,anttise airrev eveteidg ¢
this similarity in their respectivieCsphysiol

concentrations and TF values among the spec

3. 3l3%@s concentration and TF of wild plant ir
We colS3esatrene nitmsu®, where the sofds has a
concen®bltkBOukgr esuBABRs HmwsTalbBset comheent r at i
in this plant AWhskBytwédimeéley thiegW F val ue we
(0.0 85T hi s result di fferggdOfLldwmo YarepSdritteal ¢
sar mendiosspulmayed a hi g!RCfrd=t0eh)n.t i al uptake of
The present result suggested that the TF v

potentiCal ufpbrake by the plants.in an extr eme



3. €oncl usions

Thé3s concentration isignhief ircaaddiydehigdielr
agricahdumalnt ai . Thesciel dsdmhpresnces were affe
of factors, whichlfandéet ppenmahred Z2e@p ogs aphy
13¢st ransportation thkhessgddaoihle pra@apgdéedii mige sprion
content and s(BOMafofregdétdseé da dmatrtpeéri on or desor
Th¥Cs concentratiohbeasdm&Fspatiues bbdbr pl ant
soiwlesse gni fi cantcloyntdiafsfter etnhte;y iwer e si mil ar
grown in thHbaesameesoits &hidscatpe akbatpoaepl
affected bryegaoridl| dsaxp@iTitkels es opilla nftavetr (s 1| nvc
i ncr easirnega Sat@sg -@ieai | abi |l ity, whiGhcl ayabtahdc
SOM cont(@nhe @mesence of competitive or coo
K effectidés yupteake almy ,/iNiHe relamrets het present
however, tphantsoitkransfer e aowufgohr vian tueer pmaeyt i T

potential f¥s inanteeexkibmgmalgd soil



CHAPTER 4 RADI OCESI UM CONCENTRATI ON I N STEMS,
PANI CLES OF RI CESGROWN SIONLAREPLACEMENT PAL
FI ELD TREATED WITH DI FFERENT RATES OF CAT

COMPOST I N KAWAMATA, FUKUSHI MA

41lnt roducti on

On 11 MarabbhgeOfis$unamgr eaird hgruadkebyhi t wi d
nort heaBue tJtappsanevent , the FD1NPP was damage
radi onucl idegh ail 8 @udemigsshaonud @ays idue dayg
to be releasedsulbmsedqeemt Impsgpd @WERXNTt dlrhden t he
3¢ an enter the human bo@Awccti20dWgh cont ami:

Food crops '3scoodnutcaendi niat ed | and alf’@s the m
i ngestio@hiun amum&mdNEfdeers t he FD1INPP acci den
Agricul tur e, Fo(MAS$prryo, p oasnedd R itesrheear emeestvieo d 91 g
contaminated @YAFEUI@@&@) v dlan@fsnitxapn gs aihle, s o
with water and sep@yratvien g.&eitmodv laphsgostfli ctséoeps ms a
to be an effective meted,sasikbd maj ahep
(Nak anreits hal . , 201L3;alShi o02z0alwla;, ) Tmnaka etuady . s
Kawamaotwan , Ya ma(n2i0cihsip oett'éCds twhaast fi xed in the
the. soil

Based on the above ar3 iacrmhelsgyaremoyiagt it ha
mor e tYoaoafn 8B rom t hRAFRJIMHOOMever, it is imp
remove 4139 %f oé6m the soil, since some small

the deepercorayemgdto (@Whdé)etr emdO@atbtmosot hel 8



approxi feotfeheg @5i gi nal cesium mwelmeaeirreddrien

reductiCesnupt ake by crops through soil manac

Foargricultural |l ands, removing suUflfsace so
content in the soil, but A mMpsomawgr ésel soi h
removal i's .Appbki maetciessaofy or ganiacn dmactattetrl es

manure compost are possible options because
i mprovAmeatding to (NOudhi)wmagk ir i ecte aslt.raw and
compost to recover soil psoiductsucctcgsafallry
rice prhbodwecttdérmnaut horap pflocefad mbhat e compost
radi ocesium increases in the soil, Dbecause
radi o¢ &s shmwak i.Caettt lael .m@ R9tle7/i)sol ow cost f er:
pl ant nutrients (K)(Eagrhtead da laQilay® Opéokt.jats s? @O e | |
known thatfpectassk s updalk snoyl délrasnlt.s, 1997
To obtain maroe cietrfedrhimgacttisomf cattl e manur e c
13¢s in soil and rice, we conducted a field
been decontaminated by removing thh es asnodiyl S
soChttl e manure compost was sulivhrequdhptelcy | ap
of this study were to determine the effect
application on'3Gdicet ryii ed tdise avnedsn ,ona manspani c |
pl ant s.
42Mat eri als and met hod
42 .1 Experimental field and treatments

The experimental f4+eWwd, | apptedi matofhwamat

t he FDIIINePPfield is lwaguWetrled bygr ahwaitee and



canal on thhe sfoiud lhd sh4aBe haenc taarreea (ohfa )0 and i s
pl ot s, each measuring 15 x 80 m. Before thi¢
antdhen replaced with sandy soil

In each plot, cattle Maooted®ompeosdanddad Oap
till agebehplra@mninidOgy 2za ds a t&ikv d a k)oTmeecahthy e e
days ol d rwiece steedlsipngsnt ed with a asmdacing
harvested i.n October 2015
4., 22 dhmhemfemntilizer and irrigation

Thehemiemal iKIC{Kk=t0s ,kya nhdP-KNN=6 5 ,=8F =6 Kk ¢
hd) were addeldheée ofri ealld wadsoti rrigated with a
transplant of rice, the field had been wat e
423Cattle manur¥Csompost and

The cattle manure compowt mwasar mathexeédowmit
and fermented d¥¢sr cONmemtt nsati Dme of compost
kg Chemical components @&i. compost are show

Ta b B.eth e miccoamiponent s of cattle manure compo

Analyzed fact«Dried wei

To tha I( %) 1.2
TotCal( %) 39.7
P20s ( %) 0. 86
CaO ( %) 1.3
Mg O ( %) 0.6
K20 ( %) 3.13
Ash (%) 24. 6

Data was provided by Fukushima Pr



4., 24 Soi |ls aampd irnigc e

We <collected soil and rice .samphed ail oba
col l®citledsampl es at t h{@&e apldi hutssi g tshoitlwoc d
Rice samples were coll ected fgaompltihmg ep @ion tn
cut the aboveground?pacRisceofsampmglee plwmertes 9
t hr eestpeam,t sl eav.d] | as@ampaescwer & ro vtehnr. eder ideady
The dr iweads rgircoeu nd i nto powder b e fléCse t he
measur.ement
425Ri geelodnponent measur ement

At thelBRahveéess, (in average) at each sampl
was measured by brown rice weight. The ri pe
1.8 mm mesdgr amsowsamdhts were measured for |
content .
42. 6 Soil analysis

Fresh soil sampl es wer e ulsheed rfeonra iinnionrgg asnoii
air dried at room temperature for oTnhee week
dried soils were used f or!3hshynse acsaur eanmedn tc h e n

l norgani(MQmintdrsNdtenf r esh soi | MKaCsl eaxtt raa o tad
ofldsosbl Jamadnt heir concentrations were meé¢
anal(BETeerC Aut oanal IBExchQupgrtabdbe K, Mg, Ca,
soi l were eMICHEOOBEt wiat 284S oislolfyamadnt hei r
concentratiaresd widrteh menasat omi ¢ abZ30p& i on
Pol arized Zeeman Atomic )Alastaropnt i e@xic hSapnegcet r ©

(CEYXdneasur ement was mhaxseod Semot heWwdreangad a me t



19970t al (EQamadnni(I NJvwoggreen measured (MTT0O0 a CN
Mar k 11, Yana)Soi IKypoH ognd app@nwer eS5@e@adur ed
watert hi opnH rfHeotreir@ 8, FJaanpdanconduc@Hiovi b4 DSt er
JapaespeSbivVvetexture classificati pNalwas, det
1997)
4, 2Ri7ce anal ysi s

Rice samples were dige@oecebkal MdtkKge8Xa
di gestion, K concentration was measured wi
(Shi mad€e€®&0@R,)) .Japan
4,28 Radioactivity measur ement
Concent ¥ tsinomssoiof and rice were n@MXured w
15200P, Seiko BG&G|] PBakmpd eksapganm the radioac
prepared by adding 70 g ofU8drioemd asoek si AT
di ameter and)hG® hmmsiampise snmmedeetewpgchnm d a nsi ty
Rice samples (approximately 14 to 42 g DW)
Each U8 container was sealed in a polyeth
semi conlchec sta orfe me as ud0e neintutwesr ef or soi |l and
sampl es.
4. 29 Data calculations

The data were used to calculate as the fo

(l))HarvesHH)Boden et al ., 2009; Yang et al .,

Grain weight (DW)
Totrdalce weight ( DW)




(2NDh%eCs tr angTh r ofma s togad( tStnoo | rdiecres : et al ., 1!

_1Csd nime(tBghkg
13¢s | (BgOky

whetaemveroddge arld Eohidyer s

TF

(3Nhe TF to aloveground part

~
g

B a _
TF to abo\ ¥Cs i
B a

when®et he number:sokemsicéepaess and panicl
m=mass weightlg oni W ch part
c=concent¥®@d noea@ly kart

(4NheECHK ratio in each rice part:

13¢94B g %k 83510% meB¢)*
13¢s/ K r

K (c mekl §)
*( Konalo. et2015; Staunton et al ., 2002)

42. 10 Statistical analysis

The effect of compost application on soi
comparisons test using the RPNy sanahilysbes
of varidiiameeyiodl ds anads omne v gcamporddntEsx cve |
43Results and discussion
43. 1 Effect of cattle manure compost applic

Soil properties in the explarbdl2eonitialp Ho, | oEtCs,
and bul k density did not.laoahazmogne rdasse ,t ¢l aymp
significantly increas@d®plyo ttahle (Tdpambgbond tot ap p |

nitrogen (TN) were signifitacfantd@®pd@ Micr eased



AmmoniNHNi n soils did not diffeb2atofmmg pl ot
of TN, wiNQ)evarsi noat & ertag cotred yi ns oti Hes
Tabd £f f ect of compost application rates on
Treati Bul kCI a- H EC N H* NQ T-C T-N SOM
t Tha dens P
Mg *m % tS dnmg %k mg k g kgg ki %
top (HBoiclm)

0 1.3 5 b5.3 29.50.56 ND 10.80.981. 86

10 1.3 11 5.4 31.20.630.2¢17.01.382.92

20 1.2 10 5.4 26.6 0.68 0.5%722.71.743.90

40 1.3 9 a5.7 29.4 0. 39 ND 19.71.493. 39

sub slo0i Ic nf)5

0 1.4 4 b5.6 33.9 0.41 ND 10.60.931.81

10 1.3 10 5.5 36.60 42 ND 14.11.192. 43

20 1.2 9 a5.6 34.8 0. 36 ND 21.71.613. 72

40 1.3 9 ab5.7 22.4 0. 25 ND 17.51.323.01
SOM = Soil organic matter, ND = Not detected,
are not signifPr@adb) yb aésd ¢t ccost nT u lag y (

Soil cation eRRE@RManmg@modapagint yi cantly diff
P00 Téb43p Exchangeabl e K, Mg, and Ca were
applyinigf20ofphabld)yewWar did not di(PPep. bet we

Somewhat

compared to

the south side of the plot
example, TC and TN were
may possibly have b.een

unexpectedly, 'gloot

showed a

caused

fheemeednt e

by

| owe rs i td@Pe@dOnh Tthh s e

soi l

C

-

\

€

da

er osi

t Hplsemorfg tthrer 2ed stanhpal i pg opgi nt s
signi fi

n



Tab43&f fect of compost applicatiommandatNas i mn
soi l at harvest.
Treat CEC K Mg Ca N a
t *ha
c mekl g
top ssoicilm)( O
0 16. 214 0.15 0.82 « 6. 35 «L 0.28
10 15. 78 0.39 0. 95 ¢ 7. 48 ¢ 0. 32
20 19. 02 0. 47 0.94 =« 7. 86 ¢ 0.28
40 14.60 0.40 0. 88 ¢ 6. 81 ¢ 0.28
sub slo0i Ic nf)5
0 14. 214 0.18 0.80 «k 6.47 «L 0. 34
10 23. 33 0. 42 0.97 =« 7. 46 ¢ 0. 32
20 15. 39 0.55 1. 09 ¢ 8. 31 ¢ 0.31
40 21. 49 0. 43 0. 88 ¢ 6. 65 ¢ 0. 27
Values in a column followed by thRrOdObBlebast dl

on Takeéegst.

43. 2 Effect of coé¥dposbonaempltiraat iooniansoil s

In ali*Cplmemgined in the soi(Fiagh)@d@der emov
concent¥’@s i war iodd wi del y o & fhfi inc iearctd 4pfl ot gr
towsO0amdl not differ between the top and sub

The concelddsr aitni osnoiolfs tended to increase v
and was positively corr(réd0vtd@gd gudN.The€si | exc
concentratioploh whse BDghehathan in other |
observed witHhhis®oiwasiupric@®Gsabrdegmaiurei ntgo i n t he
removal of the soil surface and comi€isnati on

(< 400hHBqg kg

rzarza

vl el
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Radiocesium concentration (Bq-

1400
1200
1000 -

800 -

600 -

400 A '

200 A

N sl . ’—h | 1
Ot 40t

10t 20t

134 137
O Csm Cs

Fi gdt@oncent rldds od@d oifn the es aigle-50 & ALtDh & MmO
| ayerrsdcdaihvaaed di fferemmt. r(aBrerso romfb aBrdsmpaorset

1800 -
1600 A
1400 - y = 1508.3x + 142.67
1200 4 r2=0.794
1000 A
800 - - -
600 — =
400 - #
200 -

O T T T T T T 1
000 010 020 030 040 050 060 0.70

¥7Cs (Bq kg)

Exchangeable K (cmgkg?)

Fi gd2Tehe Rel ati oi@shipn dedxwereainge-fbtm K in

(socliirdcl es) drmMd csul{ opeinl ciF clnesB) (Erro



43. 3 Effect of compost application rates on

Rice yield rel aTebdd4éToaiat s mase Hhowmcieni nc
and%asod unhull ed grai.bs W6 |%pbyh daipBo@ riec2dd ean d y
40 tofhacompost Harmresmpsddltaingleelxy n t o stmoatw r at i

significantly different betweédpl @t00%s but t

Tabddki ce yield related traits.

Treat Tot al dUnhull e Strav HI Grain/
rati o

t ha g “m g “m g “m
0 1116 N 568 N 8547 N 0.509 N 1.04 N
10 1139 N 577 N 3561 N 0.508 N 1.04 N
20 1359 N 681 N 1678 N 0.505 N 1.03 N
40 1499 N 745 N 1753 N 0.497 N 0.99 N

Mean h=SD3)
Values in a column followed by th®e Gabn®) | e
based -waly oanneal ysi s of variance

Tabds&r ain yield and component s.

Treat No. ¢ No.smpifk Ripen 1000 g Grain

t Tha panic grair wei gh
m2 pantcl % g g “m
0 371 N 61 N 4 86.7 N 23.1 N 453 N
10 366 N 64 N 3 85.0 N22.9 N 458 N
20 417 KN 64 N 8 85.7 N 23.4 N 593 N
40 438 KN 67 N 4 86.9 N 23.7 N 601 N
Mean kh=SD3)
Values in a column followed by the same | et

way analysis of variance



Rice grain yieldd saTeatbd&@unpolne nt smipemr, spi
panjched percentage of ripened grains were
(P>0..®5wevelrQ@d Aens wei ght “bwasrisciegniinf itchaent4 0

than those(Ps<®%ot her pl ots

43 B4f f ect of composiCapipipi epaatretosn r ates on
The concentrati ¢TMfodiCd t mams cer Jabdéeormr e |
The concelddsr aitni oanl lofri ce parts was (@WOh | owe

Bg kMinistry of Health20Lapour and Wel fare

Tabd46€Concent t3si on ofce plant parts and trar

Treat Stem Leav Panic TF o TF o TF of
t tha Bg 'k Bg *k Bg '’k stem |l eav abovegi
parts

0 21 14 N D 0.05 0.03 0.022
10 35 6 N D 0.05 0.600O0 0.020
20 24 5 N D 0.02 0.00O0 0.0009
40 18 9 N D 0.02 0.01 0.011

Th¥Cs concentpartti Dnwas me aklrr &Nt widteh ect ed .

Transf €rfoff8Ccst ofrr om soi l to aboveground pa
manure compaBhe aPRwlaisclduodgwerst i n “toHe cplmpto swi t
(TF 6003 hi s4wad mner t han t haWe offounrde tchoantt rToH
in aboveground parts of rice plants were ne

So@?FO06 RHFi gad.e



0.025 -

..
0.020 A S J

n S~

= 0.015- e

& o >~

O 0.010- .

a y =-0.0362x + 0.0292
0.005 - r2=0.642
0.000 . . :

0.00 0.20 0.40 0.60

Exchangeable K (cmgkg?)

Fi gd3Tehe rel ati od#Cshitp amestfveeernf act or to aboveg
and exchangeable K i-n admd S mi bsi (ahageert
n=1) .

Th*eCs transTifvral fu@ctodr s¢ ems was higher tha
t h'®€s accumul ation in stemésnwabegpéisenttha
was not det ectTehd si mersiudd parMifelred. from t hos
et. AllB)MHho studied about a heavil ySoamanttaminn at
in 2011, f o'dthsd otfh arti cTeF poaf n0 ktd 602 6r. a Ugcehd dfar cent
(200@ported!*Ewadt bTOwoaf rice in Jaacpcand emeaf owaes
in the 0&BbxYR3E of O

Application of potasslisn (Kt)akeef flectir vekby
accumul ati orf Siamtmoi @e¢ @ilai,nx012; Ka3 aoi tea al
et (a2l0.it2ported that radi ocesium concentrat.
i ncreasing of exchafg@gé®dbbemiendesot hat Kakah
in soibe sthiogwheaelr t hHansSai sa@aoemyhbdkghat applic
potassium fertilizer on the!%@ard¢gnageotwt dt isc
ri ce Agrcairmd.i ng t d 2Na6Bpirce edgdrecawrciiemtKncul tur e

showed ti m&€s moraems!|l ocation from |l eaves to



sufficient solution. Appropriate sdiCls K con
transportation and &dobmulaetonlin 20&d4)pan

Our results could be explained that exch:
compost eff eéClsipted kpecrcammuudc @ad i on i n | eave anc

pl ant s

43. 5 DistriCsyt iKonanadf N in rice plant parts
Concentrl@@skonsanadf N in each rice npldant pa
Di stri b'ddsi oannsd oki i n the riamdpdiamftempadtfsr v

NBottifs and K in stems was higher tH&Gsn in |

transport in the rice plants was associated
25 1 - 40
- 35
?20' - 30 o~
e E
o 151 - 25 2
z 1 F20 &
¥ 10 + o - 15 3
T
P 51 ’ 10
[ - 5
0 e e e R R R R Lo

Ot 10t 20t 40t Ot 10t 20t 40t Ot 10t 20t 40t

Stems Leaves Panicles

mK ON <2Cs

Figd4@oncentr atkK,ont tedidf@s ot al ri ce= pll)ant par
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|

137Cs/K ratio
|_\

o
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1

H H ND ND ND ND
0

Ot 10t 20t 40t Ot 10t 20t 40t Ot 10t 20t 40t

Stems Leaves Panicles

Fiug4e Ph¥Cs/ K ratios of stemsnp=1I1ZEklaves, an:
ND = Not detected.

The mechani $ésreigslt st bmngi on in plant orga
trangwbrte et al ., 2004; Maat hHowe wer ,alt. he
translocation %8s acdukulatpbanobfparts wer e
our experiment. This can be expl aimsedhlry th
i onic radiftuees Cl§.13a36 @n np dfoochra nks)on .etDidIf er e2® 0
1%¢s and K accumulation in ri(Kenmartes hds ,b
Nobori et Rice pR&MN#AGs /WK tihn dhii'cd@steea cocruenautl eart i o n
greater K tnahgSpoptten'B@#khratiuodywas higher ir
|l eaves in Ypd ¢aicgé BOut hasults agreed. with t
(20,Wwhp reporit®@«& trrmaat othe roots was higher
of .Simel arly, (Z60&pdat etd Bhdatr dathieo sdeadil eas e
younger l eaf bl adei npdoisciattieodn st hoaft rdsc ewapsl alnd

younger | eaves than K.



I n contiCac tr,attihkes of ri ce “ppllaonttss wenr et hhei goh
|l eaves than thase i piwdlyy e aawedo®mared to the 10
hdapl ofths s resul t wsudgdsotws Mgh atn ds «Cial mi ght aff
in a pertidissitomnsef ocat i onl hbee tkweterna nrsipcoer to rngeac
pl ant <cel | scaitsi ornesg uilnactl eudd i bnyg o K S nial nd eMga,| .Na i
1997; Ep sMieeitns,, 11996914;; He rsetdrieae 1e9t® 28 lal,. ,200 2 ;
In the preseé®&, gtaudy, otfhel eaves was negat
exchangeabl e K, (Mg g46,®ds uCgag @ snt itrhge tshoatl K, Mg
!13¢d¢ ransl ocation .Howiedert heéeé hoiseecphraeli sati on:
i n  s(Fie g&?.e

The dif flédd4€ nrcaetsi o nin rice plant parts indi
in thé3satversfus Klatntdhmspwasaanfbected by bot

condiatnidonrsi ce pl(avhatn pehty salo.l,ogWbBtie ®hi e, 6B 1

Hamton et al., 2005; Buysse et al ., 1995)
I n addition, regardl ess of soi l nutrient
physiological mé¥sanmismr¢buti onl iamg accumul

parts.
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44Concl usi on

Application of cattl e manrcureea s epingflod s . | r
Concent rtddGsi oimns roifce plant parts were decrea
compost . Phse waoswvefsdund i n ritpcleotgr(o2w.nd itni nbehse
than control soil) proofbasbdiyl bk c(aauxsdeiCarf g et ahbel
in rice plant parts was decreased: stems >
rice pl antDsi sitnr i dlédtsi wilnotofi ce pl ant parts wa:
Di fferlédeK ofati o in rice plant parts indicat
13¢s adte@&&K ratio in stems was higher than t
Mg andn@acatMigna@ntdh atae giunf @ssceidlir anlsé towadn omi c e
pl ant parts

For future research, an important3Cgoal wi
transportation and accumul ation bet3dveen ri

di stributisnshamdrrdecbreepsleaantc hed



CHAPTER 5. ADSORPTION AND DESORPTION OF STABLE CESIUM IN
MINERAL SOILS FROM IITATE -VILLAGE

5.1Introduction

After the FOLNPPaccident, the government designed some areas to be an evacuation
zone, litateVillage was included. Thegpulationwasmoved out and the agricultural land
had not been cultivated sinc011. To recover this situationgecontamination of
agricultural land wuld be the first stednformationon the distribution of*'Csin the
agricultural land andactors affecting'®>’Cs adsorption in soivill be useful for further
research and decontamination worlksthis study, we investigated agricultural land in
litate-village. The soil samples were collected frahe paddy field and upland field in
August 2014 Stable cesium (CsCl) was usémt extracton experiment irthe laboratory.
The objective of this study was determindactors affecting Csdsorption and desorption
for mineral soils of litatevillage.
5.2 M aterials and method
5.2.1 Soil samples

The soil samples were collected usagcope to the depth of®cm in paddy field
and upland field in litat&/illage in August 2014. The fields had no cultivated since the
accident in 2011The collected flesh soils were kept in polyethylene bags to carried for
laboratory. Soils were dried at room temperature for one week, then ground and sieved
through 2 mm mesh screen. The samples were kept dried in polyethylene bags until used.
For all exgriments, the soils from both paddy and upland fields were used and the

extraction experiments were done with two replications.



Table 5.1 Initial properties of soils.

Sample Clay Exchangeable K CEC NH4*

(%) cmol kg? cmol kgt mg kg*
Paddy soil 4.68 1.28 17.5 1.78
Upland soil  1.27 2.07 16.0 1.97

Table 5.2 Chemical components of bamboo fresh powder and charcoal

Materials NOs (mg kgy)  NH4" (mg kg?)
Fresh bamboo ND 2.46
Bamboo charcoal ND 514

ND = Not detected
5.2.2 Extractionexperiments
The experiment wasoaducted texamine the effects of:
a) Contact times.
b) Concentrations.
c) Competitive ion.
d) Organic materials amendment.
5.2.3 Chemical solution preparation
The chemical property ot*’Cs similarly to that obtable cesium (Khandaker et al.,
2018), stable cesium is general use instedd’6k. In our laboratory, stable Cs solution
was prepared by using cesium chloride (CsCl, FW= 168.36 g). Preparing HI30hg
stock solution was performed by dissolved drle2l66 g of CsCl in pure water and then
adjusted to 1000 nwith pure waterCesiumadsorption experimesivereused 5 mg+t
(ppm) and 10 mg¥, which were prepared by using stock solution diluted with pure water.
5.2.4 Measurement of Csoncentration
For all experiments, adding the soil samples and solution to 45 ml centrifuge tube the

shook and centrifuged by 5000 rpm for 5 minutes, and then filtered throughetbbrane.



The supernatant was used to measure Cs and K concentratiansallyo mi ¢ absor pt

spectrop@@dBometPeorl ari zed Zeeman Atomi.c Abso

The equilibrium of Cs adsorbed in the soil was calculated as follows.

( Cs x Cs solutiod golume / Soil
where
Cs=Csi Cs
Cg = initial concentration

Cs. = Cs concentration of supernatant

5.2.5The Cs adsorption experiments
a) Effect of contact times
Soils4 g (DW)and 40 ml 5 mg} of Cs solution were added to the 45 ml centrifuge
tube, shook for 1, 6, 12, 24, and 48 hrs. After shaking, centrifuged by 5000 rpm for 5
minutes and then filtered through 4membrane usintheplastic syringe. The supernatant
was used for Cs concentration measurement. Both paddy and upland soils were used and
done with two replications.
b) Effect of Cs concentrations
Soils, 4 g (DW) and 40 ml of various concentratidhs,10, and 20 my* of Cs were
added to 45 ml centrifuge tube, shook 2 hours. After shaking, centrifuged by 5000 rpm for
5 minutes and then filtered through 4Bnembrane usinghe plastic syringe. The

supernatant was used for Cs concentration measurement.



c) Effect of competitive ion

The competitive ion was used potassi(if). Preparation ofolutionwas done by
mixing solutions 10 mM of Cs (0.0752 ni¢) land 10 mM of K (0.256 mg'), expressed
as CgdmM) /K(mM) ratio. For each sample 4 g of dried soil and 40 ml of solutions at the
ratios of 1.0, 1:0.5, 1:1, and 1:®@ere added to the 45 ml centrifuge tube, the extraction
procedure was same espressdabove.

d) The effect of soil amendment with various material

Preparing of soil with organic materials by added fresh bamboo powder at rates of
10% and 20% of soil weigh{(DW) into soil and mixedThis method washe same for
bamboo charcoal. For each sample, added 4 g of mixed material and 40 ml of 16fmg |
Cs to the centrifuge tube, the extraction proceduretieasame as abovéhe following
content, treatments will be expressed as soil paddy or upland10 and 20 is equal to paddy
or upland soil + 10% and 20% amendment materials, respectively.
5.3 Resultsand discussion
5.3.1Effect of the contacttime

Figure 5.1 shoved that Cs can be adsorbed suddenly after contactedthetsoil.
Cesium adsorbed in soil was countered to over 90 % of the initial concentration for both
soils. Different of adsorption rate among two soils probably because different in soil
properties such as clay and potassium (exchangeable K) contents. Gangais were
contained 4.68 and 1.27 % of clay, and 1.28 and 2.07 cmol/kg of exchangeable K, paddy
soil and upland soil respectively. Our result suggested that Cs can be fixed immediately
after its contact with the soils.

According to Nakashima (2018) radictive cesium‘Cs and*’Cs remained at the

initial points of deposition with not moving. The resulted of our study may explain that Cs



be fixed strongly in mineral soil after its deposition. However, Cs can-bestrébuted

through soil erosion SutHand (1994).
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Figure 5.1 The effect of shaking time on Cs adsorption for soils.

5.3.2 Effect ofthe concentration

Figure5.2 showed that Cs adsorption increased by the increagésofoncentration.
This result may be explained that capacity for Cs adsorption of the soils should be higher
than our tested concentration. The different adsorption lines for two soils was not observed,
indicated that soil properties were not affected the capacity of adsorption for Cs.

Our result was agreed with the report of Nakanishi (2018), the adsorptit¥dsiin
mineral soil was had not showed the saturation. However, in our experiment, the highest

concentration may be much lower than the capacity of adsorption of the soils.
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Figure 5.2 The effect of concentration of Cs on Cs adsorption for soils.

5.3.3 Effect ofthe competitive ion

Figure5.3 showedthat Cs adsorption asincreased when the solution containthg
ratio of Cs/K in solution from 1/0 to 1/0.5, but these was gradually decreased when rates
of K increased. This result sugget$tat increasing of K from 0 to 0.5 caused Cs adsorption,
but when K equaled to Cs tlaesorption will not be affected. The different for Cs and K
to be fixed in clay mineral may be explained by their diffeedn ionic radius (1.33 nm
for K and 1.69nm for Cs) (Johanson et al.1999). When K presence in solution it competed

with Cs to be fixed in clay mineral.
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Figure 5.3 The effect of K concentration in solution on Cs adsorption for soil.

5.3.4 Effect of organic materials amendment on Cs adsorption

Figure 5.4 shoved that when the soils received fresh bamboo powder and charcoal
powder the adsorption of Cs were reduced as compared with control soils. Among two
rates of both fresh powder and charcoal, bamboo charcoal showed the lowest Cs adsorption.
Our result was simdlr to the report of Khandaker et al. (2018) who studied using bamboo
charcoal asan adsorbent for Cs from aqueous solution. The results suggestetthehat
addition of organic material caused the reduction of Cs adsorption forildogsexplained
that thesoil with high organic matter resulted in more Cs desorption and enhance Cs
available for plant uptake. Dumat and Staunton (1999) reported thdtwtag substance
complexecausedess Cs adsorption than the uncoated clay mineral.

Both paddy andupland soil showed that addy fresh bamboo and charcoal

resulted in reduce Cs adsorption. Among fresh bamboo and charcoal, charcoal was more

effectivelyreducel Cs adsorption.
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Figure 5.4 Effect of organic materials amendment in soil on Cs adsorption.

5.4 Conclusion

The esultsshowed thaCs adsorption capacity of mineral soils from litatkage did
not show the saturation stage but increagitdl increasingof CsconcentrationThis can
explain that the soil can adsorbed the fallout*é€s with unlimited The Csor **'Cscan
be adsorbed immediately aftes itontact with soilsThe gesent of potassiunK) in
solution had influenced to Cs adsorption ugheratio of 1/0.5 suggesting thahe Cs
adsorption was less when the solutadrsent ofK, but the present of Kon caused Cs
adsorption. This result explained that K ion in soil solution expandeddborption sites
for Cs. On the other handoil aganic matteplays a role as reduces Cs adsorption as its

block the adsorption sites in soil particles, resulte@ssddsorption
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B Introduction
Introduction

1. The accidental damage to the Fukushima-Daiichi nuclear power plant
(FDINPP) in March 2011 released a large amount of '37Cs into the
environment.

2. 13Cs (half-life: 30 years) emits B and y rays during its decay.
3. Uptake of *Cs by crops is the pathway of '*’Cs enters human.

4. A year following the accident, Japanese authorities prohibited crop

planting in agricultural soils containing '3’Cs > 5000 Bq kg™

5. The maximum limit of '37Cs in general foods of Japan is 100 Bq kg’
P(since 2012).

Introduction

137Cs uptake by wild plants and rice is
expressed as transfer factor (TF):

137Cs concentration in plant (Bq kg™!)

TF = .
137Cs concentration in soil (Bq kg™)

Back roun d Introduction
1. Yamashita et al. (2014) reported the '*’Cs contamination in hundred
species of wild plants grown in agricultural fields in Iitate-Village.
However, the factors affecting '¥’Cs distribution in these plants had not
been defined.
2. 37Cs distribution in non-agricultural lands has not frequently studied.
3. To obtain more information on '*’Cs distribution in soil-plant
systems in the lands of different uses, we conducted the investigation
in 2014.

Research I: Factors affecting *7Cs concentration in wild plants and
soils of different land use.







