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PhytoIemediationisaninnovatiVeteChnologythatutiUzesthenaturalpropertiesofplantStOremediatehazardouswaste 
sites・Formorecost-effectivephytorelnediation，itisJimportanttoutilizeahyperaccumulatingplantafter
phytoremediation,i､e・therecoveryofvaluablemctalsandtheproductionOfusefillmaterials、Inthiswork,the
deterininationofmetalsinplantComponentpolymersinaferii,ﾉＭＭｊＬ`myoAgosce"Sc,aSahyper-accumulatingplantwas 
cstablishedusingstcamexplosion;Wayman，sextractionmethOdjandICPemissionspectrometry・AfterAyokosce"se
plantsWeretreatedbysteameXploSion,thesteam-explodedAyokosce"sewereseparatedintofburplantcomponent 
polymers,i､e・Water-solublematerialfractio､,holocellulosefraction,methanol-solubleugninfraction,andresiduallignin
fraction・Thbc6nCentrationsofOi;Pb,Ｆｃ,andZnintheSeplantcomponentpolymersandthedryweightsofplant
componentpolymersweremeasured，TheseanalyticalprocessdeterminingmetalsintheplantswiUcontributetonot 
onlytheevaluationandtheeffOrtsofphytoremediationusingahyperaccumulatingplant,butalsotothedevelopmentof 
moreeffectivephytoremediation． 

(ReceivedJune27,2005;AcceptedOctober3,2005） 

yokosce"sefernintofOurplantcomponentpolymers，ｉ､２．ｔｈｅ 
water-solublematerialfiFaction，theholocellulosefraction，ｔｈｅ 

ｍethahol-solubleligninfraction(low-molecular-weightlignin)， 
andtheresidualligninfraction(high-molecular-weightlignin)． 
ThemetalconcentrationsinplantComponentpolymerswere 

measuredusinglCPemissionspectrometryfOrclarifyingthe 
distributionofmetaｌｓｉｎＡ､yolcosce”ｅｆｅｍ． 

Introduction 

SoilcontaminatedwithharmfUlmetalshascausedthemetal 

contaminationofnaturalwateranddrinkingwater,resultingin 

negativeeffectsonhumansocietyA14ThetreatmentofharmfUl 
metal-contaminatedsoilisamajorconcernoftheenvironmental 
conmunity・sPhytoremediation,theuseofgreenplantstOclean
upmetal-contaminatedenvironments,hasattraCtedattentionas 
anenvironmentallyfriendlyusefUlmetal-extractiontechnique 
fbrtreatingtoxiccontaminatedsoiL6-9Thistechnologyhas 
utihzedhyperaccumulatingplantsthatabsorbharmfUlmetals 
(Cd,Ｐｂ,ＡＭＺｃ)fromcontaminatedsoil,andaccumulateinthe 
harvestableabove-groundbiomass・loillMoreoverltherecOvery
ofvaluablemetalsandtheproductionofenergyresources,i・eJ
methaneorethanol,andfUnctionalresmftomahyperaccumulating 

PlantarenecessaryfOrcost-effectivephytoremediation､1２ 
・OnthebackgrOund，techniqucsfOrestimationofthemetal

concentrationinhyperaccUmulatingplantsarerequiredfOr 
evaluatingthedegreeofmetalaccumulationofplantsAAsteam 
explosiondegradingandremovingligninthatcovered 
holocellulose(celluloseandhemicellulose)hasbeenreportedas 

anusefUlpretreatmentfOrtheeffectiveutilizationofplant 
biomass,i､e､wood,Potato,andbambooj3-l6Furthermore，the 
steam-explodedproductwaseasilyconvertedintOsugarsand 
ethanｏｌｂｙｕｓｉｎｇｅｎｚｙｍｅｓａｎｄｙｅａｓｈＴｈｅｓｔｅamexplosion 
techniquereasonablyallowstheplantbodytobeliquefiedand 
separatedintoPlantcomponentpolymers．、
Thisworkimprovedthedeterminationtechniqueofthemetals 

(Cu，Ｐｂ，Ｆｅ，ａｎｄＺｎ）mplantcomponentpolymersofa 
hyperaccumulatingplant，Ｍ１)Mmzyolcosce）Mbyusing 
variousmethods，ｊｅ、Wayman，sextractionmethod，andthe

analyticalmethodwithICPcmissionspectrometry、The
Wayman，sextractionmethodliquefiedandseparatedtheA． 

Experilnental 

H)lpemccLlm"JaZj"ｇｐｌα"rsaJ叩ﾉe
Afernplant,Ａ'hy伽冗yokosce"Sc,wascollectedfromOgoya

abandonedminearea(KomatsuCity,Ishikawa,Japan)．Thedry 

plantswereseparatedintotheabovegroUndpart（leaVes,１eaf 
blade,petioLandrhizome)andtheundergroundpart(roots） 

PFerreα""e"ZmeZhod 

Theplantsampleswerehydrolyzedusingasteamexplosion 
methodTheapparatusfOrthesteamexplosion（Japan 
ChemicalEngineeringandMachinery,Osaka,Japan)consisting 
ofasteamgenerator;ahigh-pressurereactor,areceiver,anda 
condenserwithasilencingactionl2-16Thesolidandliquid 
productsoftheexplodedfernwererecoveredinacycloneatthe 
bottomofthereceiVer,andthegaseousproductswerepassed 

fromthetopofthe・receiverintothecondenserJSteam

explosionswereconductedunderasteampressureof255MPa 
(225℃)andsteamingtimesof3min． 

Dae伽ｊｚａｔｊｏＭＭα"Zco"叩olze"rPobw2elT
Tbematerialsofsteam-explodedA、yokosceJzseplantswere

separatedintofburcategories，suchasawater-solublematerial 
fraction，aholocellulosefraction，amethanol-solublelignin 

fractio、（low-molecular-weightlignin)，andaresiduallignin



ＡＮＡＬＹＴＩＣＡＬＳＣｍＮＣＥＳＤＥｃＥＭＢＥＲ２００５,ｖＯＬ２１ 1５５４ 

Residuallignin 

firaction Zl搬鮒ｂｌ｡■
HolocelIIjlose 

Braction 

Ｗate炉solubIe

matelialfmction Ⅲ 
２ ！ 

：ロ●■■■▽■●●□■●●●●●Ｓ●Ｇ８●■ＢＰ０Ｓ■ｃｃ■●⑪●Ｓｃ●●◆●。■Ｃ■●巳●■■●●■・■■●●●◆●●●ＣＯ●●●●●◇い●●甲■●●■古◆ロ●勺●●●①●■●・■◆◆●●●●●。■●■■■Ｂ・巳●ｃ■９ワロ、。｜●●Ｏ■Ｆ■●●■●●。■●ＳＱ

■ＤＯＢ●■■■■■△■ごＢｅＰ○ＯＧ●ＯＳ●●●■●ＤＯＤ■、０■■ＤＰ。■■■０９０■■■ＣＧ■■Ｕ００●０６７，■●●●●■■■■０■■■ザ■ＢＱＤＣ０●００●ＤＢ０ＤＤＣＤ■■■■■■■■■■■■ロ■■０●０ＣＯ●□■▽二。■ｑ■｜■□●●■凸■■■、■■●■Ｃ０ＵＯ０■●●■■ＤＣ■●。●Ｃ■■●■■■■□■■■■■■●ＣＤ●■●●■●＆■■■●。

(d） (c） 

008 ４ 
1５ （

【
画
四
口
』
ロ
Ｕ
』
○
口
◎
疸
国
口
巨
８
目
。
◎

６
 

４
 

０
 

０
 

（
一
画
図
旦
ロ
Ｎ
」
・
目
・
胃
ね
息
・
ｇ
ｏ

３
 

２
 

（
『
、
印
且
Ｐ
凸
』
・
ロ
・
疸
且
８
．
ｇ
ｏ

ｌ
 

（
『
加
凹
且
⑪
田
・
ロ
・
隠
目
。
。
ｐ
・
◎

僧

－１ 

１１ 
「

JJiJU 
0．３ 

ﾘﾘﾘ山
０ ０ 

（‘ M1JA,ﾁﾞ金■
Fig.１ConcentrationsofCu(a),Ｐｂ(b),Ｆｅ(c),andＺｎ(｡)inUnitpei｢gramofsteam-explodedA 
yokosceJ1sep1ants． 

fraction（high-mOlecular-weightlignin)，usingWayman，s 
extractionmethod・l7Afterwaterinthesteam-exp1odedA

yo肋ＳＣＢ"seplantswassublimatedbyafreeze-drymethod,５g
ofsteam-explodeddryA・yoAoscelzseplantsand300mlof
distilledwaterweremixedfOrl2hatroomtemperatureand 

filtcredbyaBuchnel-typcfUnnelwithaglassfilter(40-100llm 
porcsize,ShibataScientificTechnologyCo・Ltd.,TOhﾉo,Japan)．
Thefiltratewasdried,andthissolidwasawateFsolublematerial 

fraction・Theresiduewasdriedrapidly,andlgofdryresidue
wasextractedbyaSoxhletextractor(WB-6S,ShibataScientific 

TechnologyCo・Ltd.,Tokyo,Japan)withlOOmloflOO％(v/v）
mcthanolfbrl2h6Thedrymaterialsextractedbymethanol 

werethemethanol-solubleligninfTactiOn（low-moleCular‐ 

weightlignin)．Thesaccharidecontainedinlheresidueof 
methanolextractionwasremovedusinga7296（v/v）sulfUric 
acidtreatment・Aresidualligninfraction（high-molecular‐

weightlignin)wasobtainedasaresidueafterasulfUricacid 
treatment，Thefiltratewastheholocellulosefraction． 

.００ｆｔ 

ルノe"72〃2α'io"q/腕ααﾉS

Theplantcomponentpolymersweredliedat90oCfOrl2h,and 
heatedat500oCfOr6husinｇａｎｏｖｅｎ(ＳＨ－ＯＭＴ,NittoKagaku 

Co・Ltd.,Tolqo,Japan).Themineralizedsampleswithoutorgan1c
matterswereacidifiedwiｔｈａ10％(v/v)HNO3solution・Ｔｈｅ

metalconcentrationsinthetreatedsamplesweredetenninedby 
anlCP（inductivelycoupledplasma）emissionspectrometry 
OPTmmA3300XL(PerkinE1mer,Massachusetts,ＵＳＡ)． 

pergramofA))oAoscelzseplants・Afterthehyperaccumulating
plantwastreatedbythesteameXplosionmethod，themetal 
concentrationsintheplantsweredeterminedusinganlCP-AES 

Themetal-detenninationteChniqueshowedthatboththe 
aboyegroundandundergroundpartsofAyoAosceJzseplants 
especiallycontainedCuathigherconcentrationsof6､４ｍｇ９－】

ａｎｄｌ５ｍｇｇｌ,respectively,comparedwithothermetals，ｓｕｃｈ 
ａｓＰｂ,Ｆｅ,andZnMolishitaandBoratynskireportedthatthe 

accumulationofheavymetalsinplantincreasedwithan 
increaseoftheconcentrationsofmetalsinsonl8Presumably， 

thesoilcomponentsoftheOgoyacopｐｅｒｍｍｅ，ｗｈｅｒｅＡ、
yoAosceJ2seplantswerecollected,includesdominantlyCu,and 
thep1antswoulduptakethecopperfromthesoiLTY1emeta1‐ 

determinationtechniquefbrhyperaccumulatingplantscouldnot 
onlymomtortheamountsofaccumulatedmetals,butcouldalso 

beusedtoindirectlyinvestigatethedegreeofmetal 

contaminationintheenvironmentalsoiLAvalletyinthe 

distributiontcndencyofbeavymetalswasobservedThemetal‐ 
dctenninationtechniquecouldrevealthecharacteristic 

distributionofheavymetalsinplant-componentpo1ymers・Ｉｎ
ｏｕrpreviouswoIks，eachplantcomponentpolymercouldbe 
convertedintousefUlmateliaIsandproducts，ｉ､e・ｆｉ】e1materials
(ethanolormethane)fiPomthewater-solub】ematerialfiPaction，

pulpfromthehollocellu】osefinction,andhigh-fi】nctionalresin
fiPomthemethanol-solubleligninfraction（low-molecu]ar‐ 
weightlignin).l2-l6Therefbre，themetal-concentrationdata 
obtainedfmmthemetaldetennination-techniquewillbeapplied 
toeffectivephytoremediation 

lntheabovegroundpart,thewater-solublematena］fraction 
andtheresidualligninfmctioninc1udedCu,whi1elittleCuwas 

detectedinthemethanol-soluble】igninfiPactionandtbe
bo】ocellulosefiPactionqTheCuinthewater-soIublematerial

fiPactionindicatcdaconcentrationtwoordershigherthanthatin 

辰

ResultsandDiscussion 

Deje刀?zjlzaZjo"q/"2ｃｍﾉS

FigurelshowstheconcentrationsｏｆＣｕ,Ｐｂ,Ｆｅ,ａｎｄＺｎｕｎｉｔ 
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TablelDryweightsofplantcomponentpolymersinbiomass 

Plantcomponentpolymers/９９－１ 

Residuallignin 
fraction 

(high-molecular‐ 

weightlignin） 

Methanol-soluble 

ligninfraction 
(low-molecular-

weightUgnin） 

Water-soluble 

material 

ffaction 

Ref Part Biomass Holocellulose 

fraction 

0.44 

0.53 

0.23 

0.049 

0.15 

0.26 

1５ 

１６ 

0.18 

0.16 

汕
成
、
ｍ

Ｔ
Ｔ
 

WOC。

(EL`cqblpmls） 
Ｂａｍｂｏｏ 

(PﾉﾘyﾉﾉosmcA)'sMemCycjα） 

Hypcraccumulatingplant 
(/ＭＭ伽yokosce"Se）へ

0.13 

0.13 

0.21 

0.37 

Thiswork 

Thiswork 

0.42 

0.19 

0.24 

0.31 

Aboveground 

Underground 
、

thoseofbamboo,whiletheseresultswereingoodaccｏｒｄｗｉｔｈ 

ｔｈｅｄａｔａｏｆａｒｉｃｅｓｔｒａＷ，』.e，hemicelluloseandcellulosewere

0.35ａｎｄ0.35ｇｇｒ１，asreportedbyAdo・型Theseresults
indicatedthatthecharacterofA､yokosce"sewassimilarnotto 

woodybiomass,buttomonocotyledonousangiospermbiomass、

Thedryweightofresidualligninfraction（high-molecular-

weightlignin)ｏｆＡ・yoAosce"Jeplantsintheundergroundpart
washigherthanthatintheabovegroundpart，IfAyokosce"Ｄｅ 

ｐlantswereconvertedintomethane,theamountofthemethane 
producedfromtheabovegroundpartwasestimatedtobehigher 
thanthatfromtheundergroundpartbecausetheamountof 

methaneproducedisinverselyproportionaltothedryweightof 
theresidualligninfraction(high-molecular-weightlignin).1６ 

thereSidualligninfraction・Theleafcellwallspreventmetals
frommaintainingtoattachtothecellsurfaces・ｌ９ＴｈｅＣｕ
ａｔｔａｃｈｅｄｔｏｔｈｅｃｅｌｌｗａｌｌｓｓeemstobeeasilydissolvedintothe 

water-solublematerialfractionduringthispletreatment、Inthe

undergroundpart,Ｃｕｗａｓｄｅｔｅｃｔｅｄｏｎｌｙｉｎｔｈｅｒｅｓiduallignin 
fraction・Onthecontra【ｙｔｏｔｈｅｃａｓｅｏｆｌｅａｖｅｓ，therootcell
wallsentrappedmetalsonthecellsurfacesJ91tseemstbatthe 
Cuentrappedintherootcellwallsboundtotheresiduallignin 
fmction（high-molecular-weightlignin）becausethe 
concentrationofCuintheresidualligninfractionwasvery 

high、MorrisoneraJ．andNishizonoera！．reportedthatthe
heavymetalsintherootcellwallswereboundtothestrucmral 
materialsoftherootcellwalls,suchascelluloseandlignin､2o,２１ 

Fromourresults，itwasclarifiedthattheheavymetalswere 

boundtoligninratherthancelluloseintherootcellwalls、
ＦｒｏｍｔｈｅｒｅｓｕｌｔｓｓｈｏｗｎｉｎＦｉｇ１，ｔｈｅａｍｏｕｎｔｓｏｆＰｂａｎｄＺｎ 

ｐｅｒｌｋｇｏｆＡ､yokoscelzseplantwereestimatedtｏｂｅ３,ｌｇａｎｄ 
Ｏ４９ｇ，respectively，becausethedryweightsofthe 
abovegroundpartandundergroundpartweｒｅ２９０ａｎｄ７１０ｇ， 
Iespectively（datanotshown)．ＴｈｅｄａｔａｏｆＰｂａｎｄＺｎｉｎＡ 

］okosce"sereportedbyIshizawaerQJ､ａｎｄＨｏｎｊｙｏａａｌ.ｗｅｒｅ 
1.1and０．３７gkg-I,respectively､22,羽Ourresultswerealmostin
agreementwiththoseofpreviousstudiesconcerningtheorder、
TheundergroundpartcontainedhigherconcentrationsofPband 
Znat3・Ｚｍｇｇｒ１ａｎｄＯ､５４ｍｇ９１，respectively,comparedwith
theabｏｖｅｇｒｏｕｎｄｐａｒｔａｔＺ７ｍｇｇＦ１ａｎｄ0.38ｍｇ９－１， 
respectively・Regardlessofthemetalelement,theconcentration
ofthemetalintheundergroundpartwashigherthanthatinthe 
abovegroundpart・Theseresultsagreedwiththedatathatthe
concentrationofleadofAyokosce"seplantsincreasedinthe 

fOUowingorder：petiol，leafblade，rhizome，androot・l8Ol9
NishizonoeZaJ・reportedthatalargeproportionofmetalwas
alsocontainedintherootcellwallofAyokosce"ＤＢ・z1
Presumably，theresidualmetalincreasedintheroottissues 
whichfiltratewater，ｗｈｅｎthewatercontainingmetalswere 

suckedupfromtherootstotheleaves． 

Conclusion 

Forthedeterminationofmetalsinplantcomponentpolymersof 
ahyperaccumulatingplant，Ａ・yokosce"Ｓｃ，steamexplosion
fO11owedbyWayman，sextractionmethodwereexamined， 
EstimationsoftheconcentrationsｏｆＣｕ，Ｐｂ，Ｆｅ，ａｎｄZn 

indicatedthatalmostmetalelementsexistinthewater-soluble 

materialfractionoftheabovegroundpart（leaves,leafblade， 

petiol,andrhizome）andintheresidualligninfractionofthe 
undergroundpart(roots)．Fromtheresultsofmeasuringthedly 

weightsoftheplantcomponentpolymers,thedryweightsofthe 
water-solublematerialfractionandtheholocellulosefraction 

werehighintheabovegroundpartandthedryweightsof 
residualligninfraction（high-molecular-lignin）and 
holocellulosefractionwerehighinundergroundpart・This

determinationofmetalsinplantcomponentpolymerswill 

contributetoevaluatingtheeffOrtsofphytoremediationusinga 

hyperaccumulatingplant． 
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