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Radioactivity of high level radioactive w節句 σ江~originating from nuclear indus句 remains

for very long periods of首me，although世latdecays gr材開lIy.1江W∞uldpose unacceptable risk to 

hum血 h回I世1.Thereお，re，註 isnl即時saryωisolateHLW伽 mhuman environment for long time. 

Geologiω11 disposal in由 lbleunde寧oundenvironment is intern必ona1lyre∞匝zedぉ a∞mmon 

∞ncept for血emo山時制 suitable脚色odfor isolation of HLW. In japan， HLW vitri制 h

Sぬ凶essst田1con句inersis legislated to be disposed more世lan300 m underground according to也e

Designated Radioac世間 Was飴 FinalDisposal Act.百lemigration behavior of radionuclides in 

underground m凶tto be undersωod for safety assessment of geological disposal of HLW. In this 

safety郡白sment，colloid蜘 dyiswidely∞ndu伽d，b田auseωUoidsaffiωt the migr泌onbehavior 

of radionuclides.白Uoidぬ.ldiωhaveb田n∞ndu蜘 datvぽiousgeologiω1 si臨 includingURL 

operaMbynadbaぬん加，組da抑制山efulinfo鵬首onof崎町制加屯副c

colloiお havebeen ob泊ined.Moreover， wi血血edevelopment of various analytical app訂前凶esand 

teclu姐ques，proper函館of∞lloids(，悶lcen'回 tion，size， shape， chemical compositio見担din包raction

wi世1回ceelements srichぉ h凶.vym由 Is，節也id，叫組drare ea抽出ments)have been undersωod. 

However，也ereare probler凶恒也e蜘 dyofωlIoidsin groundwater as follows. 

(a) Properti悶 ofcolloids泊 ground'咽 t釘眠 sensitivelyinfluenced by 叫lOsureω 世le

atmosphere創tdpressure rel凶5eduring sarnpling，・

(b) Col1oid concen回世onis genera1Iy very Iow in groundwater. 

OJIJ~3) 

~-----.~~~~*~~~------------------------

~ ____ ~~~,ffl=f~~~* ________________________ ___ 

Development of separation and condensation techniques using functional 

membrane for trace components in groundwater 

NO.1) 

Development of separation and eondensation techniques using functional membrane for trace 

eomponents in groundwater 

Radioactivity of high level radioactive waste (HLW) originating from nuclear industry remains 

for very long periods of time, although that decays gradually. HLW could pose unacceptable risk to 

human health. Therefore, it is necessary to isolate HLW from human environment for long time. 

Geological disposal in stable underground environment is internationally recognized as a common 

concept for the most safe and suitable method for isolation of HLW. In japan, HLW vitrified in 

stain1ess steel containers is legislated to be disposed more than 300 m underground according to the 

Designated Radioactive Waste Final Disposal Act. The migration behavior of radionuclides in 

underground must to be understood for safety assessment of geological disposal of HLW. In this 

'safety assessment, colloid study is widely conducted, because colloids affect the migration behavior 

of radionuclides. Colloid studies have been conducted at various geological sites including URL 

operated by natio~arau~ties, and a great deal of useful information of organic and inorganic 

colloids have been obtained. Moreover, with the development of various analytical apparatuses and 

techniques, properties of colloids (concentration, size, shape, chemical composition, and interaction 

with trace elements stich as heavy metals, actinides. and rare earth elements) have been understood. 

However, there are problems in the study of colloids in groundwater as follows. 

(a) Properties of colloids in groundwater are sensitively influenced by exposure to the 

atmosphere and pressure release during sampling. 

(b) Colloid concentration is generally very low in groundwater. 
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百leref.ore，devel.opment .of組alyticaltechniqu田t.ound師国dproperties .of c.oll.oids in gr.oundwater 

a阻止周知:lyis req凶叫

h世nsthesis， a separati.on旬chniqueusing miα'Ofil紅滅。，n/凶回:filtration(MFIUF) membranes 

was devel.oped ぬ analyzepr.operties .of∞ll.oids wi血o凶 alterati.on.of c.oll.oids and a new 

c.ondens抵ion蜘，hniqueusing nan.ofil回世on別町 membraneswas devel.oped t.o .ob凶nhighly 

condensed oxg組処colloidswi血highcon田ntr説onand to anal戸沼propertiesof 0屯加icc.olloids加

de凶1.Moreover，也e∞nde田ationtec加iquew，邸加lpr.ovedf.or high re∞'very yields of 0喝皿ic

colloids by surface ffii凶盗伺姐.on.of nan.o釦貧富誼.onmembranes and 0凶m国語onof fil回tion

∞nditi.ons. 

Chapter L General introduction 

The background .of也is由 dy叩 dsunun副zed血.efind也19sreported in pre吋ous訴udies.Finallメ

thep田poseof也is也田包wasdescribed. 

Chapter II. si僻師dcon伊田蜘n制時'sesof collo抽 indeep gr側 iticgroUndH雌 r附句

microJ勘働腕Itraj勘 .ationwhile m仰蜘均五ns陶 hydrochemicalcon必'ions

T.o∞U回t∞lloidsand釦alyzeprope此ies.of coll.oids in deep groundwater wi血o凶si郡ifi開且t

ch阻畠田of血egr.oundwater ch田凶組y，aMF.尺JFapp血酒制swhich can main句inin si知 hydr.ochemical

conditions (m話nlyhy'命割ilicpressure and anaer.obic condition) was devel.oped. An air exp.osure 

experiment of groundwater indiω凶也atFe∞U.oiゐ W町eformed rapidly by oxidation due to 

明 JOsureto面白，釦d也.eoxi伽tionof groundw蹴 :rinfluenωd也.epartitioning of rare e紅白

elemerr包(REEs)depending on colloids size. Therefore，也emicro血岡山n!ul回fil仕組onapp訂砿usis 

indispensめlef.oranal戸時∞U.oidsand REEs in d田:pgroundwater叫 :urately.Ac旬algroundwater 

(氏名:育才大介 NO.3) 

was filtered using the devel.oped apparatus at in-situ .of a dep血。f300 m at the Mizunami 

Undergro凹 dIt出回目hLぬo周知ry(MIU)旬誼祖排出 S包edi柑ibuti.on皿 d∞mpositionof∞ll.oids 

and partitioning .of REEs depending onωll.oids size. Di古田enttypes .of∞ll.oiゐ∞邸isting.of 

inorganic substances (e.g.， Fe， Al， Mg， and Si) and.o朝凪.csub瑚 nces(mainly hw凶csub曲目白s)

were observed wi也 awide size ra且ge.REES ch訂郎防凶.cpartitioning. suchぉ p路島:rential

association .of light REEs wi血∞ll.oiお.ofspec箇csiz凶 range，were rev.叫ed.百問問ul包

加pli印刷ぬat担fluen，問。forg副首c∞ll.oidson radionucli<!es migratio且 is蜘onger白血也説 of

inorganic∞lloids in the groundw蹴 :r.ob凶ned企'omat也eMlU and th，関efindi喝罪町山efulf.or 

unders匂nding也.emigration of radionuclides in d.田pgr.oundwater. 

Cltapter m. Concentration側 dch町'act，町'izationof organic coUouおお働時pgr，捌 iticgroundwater 

usingnanザ溜trationmembranesfor ev，曲働IgrlllUD醐 clidetransport 

ln addition to血yr，白叫t， ano也ers加dy，which conducted speciation .of REES∞mplexes b担ed

on thermodynamicωI叫 ati.on，加lpliωぉd也.atcb阻n切1behavi.or .of REES泊也egroundwater 

obtained at凶f'niåìòly'~epe時四時副c colloi必加efore，I同 edon崎山∞Uoi也組d

devel.oped a newωndensation method using nanofiltr泌.on(11町 membranesωωndense0宅.anic

colloids rapidly without che凶伺1disturb耳目白 for analyzing org:姐 ic ωUoids accura句ly.

Condensation perform組問。fNF担 dROmembran田f.oraqu回国 soluti.onsof hwnic邸.ids，which 

considered俗図血 0宅街並cωU.oids，wi問 evalu臨 dusing a laboratory-scale cross.・，flowm咽 brane

鎖国lti.onappar樹脂.τ'hetime∞四seofperm.曲lteflux was m.onitored組dr田overyyields of hwnic 

acids were calcu1at札Incondensation of groundwater凶泊g也.eRO，回:vereperml回総 fluxd郎.line

Wお 0∞urred.0叫ngto世田 precipi凶 on.ofin.o屯anicsubstances on the m四加且esurfaωand 

crosslinking .of OIg阻iccolloids wi也ea2+.初出，itw，描difficu1tto∞，nc咽回te也.esol凶。n旬血O問

NO.2) 

Therefore, development of analytical techniques to understand properties of colloids in groundwater 

accurately is required. 

In this thesis, a separation technique using microfiltrationlultrafiltration (MFIUF) membranes 

was developed to analyze properties of colloids without alteration of colloids and a new 

condensation technique using nanofiltration (NF) membranes was developed to obtain highly 

condensed oxganic colloids with high concentration and to analyze properties of oxganic colloids in 

detail. Moreover, the condensation technique was improved for high recovery yields of organic 

colloids by surface modification of nanofiltration membranes and optimization of filtration 

conditions. 

Chapter L General introduction 

The background of this study and summarized the findings reported in previous studies. Finally, 

the purpose of this thesis was described. 

Chapter II. Size and composition analyses of colloids in deep granitic groundwater using 

microfdtrationlultrafdtration while maintaining in situ hydrochemical conditions 

To collect colloids and analyze properties of colloids in deep groundwater without significant 

changes of the groundwater chemistry, a MF/UF apparatus which can maintain in situ hydrochemical 

conditions (mainly hydraulic pressure and anaerobic condition) was developed. An air exposure 

experiment of groundwater indicated that Fe colloids were formed rapidly by oxidation due to 

exposure to the air, and the oxidation of groundwater influenced the partitioning of rare earth 

elements (REEs) depending on colloids size. Therefore, the microfiltrationlultrafiltration apparatus is 

indispensable for analyzing colloids and REEs in deep groundwater accurately. Actual groundwater 

NO.3) 

was filtered using the developed apparatus at in-situ of a depth of 300 m at the Mizunami 

Underground Research Laboratory (MIU) to analyze size distribution and composition of colloids 

and partitioning of REEs depending on colloids size. Different types of colloids consisting of 

inorganic substances (e.g., Fe, AI, Mg, and Si) and OIganic substances (mainly humic substances) 

were observed with a wide size range. REEs characteristic partitioning. such as preferential 

association of light REEs with colloids of specific sizes range, were revealed. These results 

implicated that influence of organic colloids on radionucli<Jes migration is stronger than that of 

inorganic colloids in the groundwater obtained from at the MlU and these findings are useful for 

understanding the migration of radionuclides in deep groundwater. 

Chapter m. Concentration and characterization Of organic colloids. in deep granitic groundwater 

using nanojiltration membranesfor evaluating radionuelide transport 

In addition to my result, another study, which conducted speciation of REEs complexes based 

on thermodynamic calculation, implicated that chemical behavior of REEs in the groundwater 

obtained at Mitf'm3ibly'~epends on oxganic colloids. Therefore, I focused on organic colloids and 

developed a new condensation method using nanofiltration (NF) membranes to condense organic 

colloids rapidly without chemical disturbance for analyzing organic colloids accurately. 

Condensation performance of NF and RO membranes for aqueous solutions of humic acids, which 

considered as main oxganic colloids, were evaluated using a laboratory-scale cross-flow membrane 

filtration apparatus. The time course of permeate flux was monitored and recovery yields of humic 

acids were calculated. In condensation of groundwater using, the RO, severe permeate flux decline 

was occurred owing to the precipitation of inoxganic substances on the membrane surface and 

crosslinking of OIganic colloids with ea2+. Thus, it was difficult to concentrate the solution to more 
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曲an6戸.f.oldconcen信冨tionusing RO membrane.伽也.e.oth町 hands，世leNF membrane achieved 

2かf.old∞nde.田ationofgr百四d附 terwi血57%reω'veryyield of 0喝叩icωlloids.古田lowrejection 

.of m.on.oval四ti.o凶釦dhigh 1唾jection.of divalent ions .of也eNF membrane all.owed世le

condensati.on .of .0伊niccolloids in d田pgrOlmdwa!匂r.Therefore， NF membranes were more sui帥 le

也anRO membranes for也e∞ndensati.on.of OIg岨 cc.oll.oi必泊 d田pgrOlmdwater.百e0喝如ic

∞U.oidsc.oD切n回総dby tbe NF membrane were suc時論illyanalyzed using Py-GC品!IS.百時間凶t

indicated白紙也ecomposi世onof .organic colloids in gr閣lItegroundwater aJt a deptb of 300 m is 

sinli¥官給也• .ose ofhmnic割必由nceswi血highh岨 ifiωti.on.M.oreover， s.ome REEωncel蜘 n.onsin 

也egroundwater condensed by NF membr加凶 c.ouldbe detected by inductively∞upled plasma 

m問符切針。me町 σCP-MS)，while也.osein tbe raw ground'隅 terwere l.ower tb組曲edetecti.on 

Jimit This∞，ndensati.on m<抽.odw.ould be promising f.or c.ondensing .org組 icCOll.oids and REEs in 

gr.oundwa蜘 e笛ciently釦df.orund回噛nding白ein町宮cti.onbetween .0郡山ωU.oidsand REEs. 

Ch伊terW.尾俳抑tcom彪nsat宙開 0/ 01宮'IlIIiC ω助抽初 deepIJI四 ndwater using 

su，柿ce-.脚抑制nanojlltrationmemJm醐 esun，伽 op，助惚'dhydrodynamic co.蹴勧m

A∞ndensati.on metbod凶ingNF membranes was inlproved by .optimizati.on .of hydr.od戸街nic

∞nditi.ons， such as tbe applied官加盟国nbranep間関回想σ'MP)血dstiπing聞紙担dmembrane 

sw命cemodificati.on using a cati.onic ph.osph.orylch.oline p.olymer， p.oly(2・me血cryl.oyl.oxyetbyl

ph.osph.orylch.oJine-c争各組泊佃由(}'l me血acrylate) (p(MPG.co・AEMA)). The effect .of首le

.optIlniZl副首.on.of hydrod:戸且micc.onditions and membrane surfωe modifiω1i.on w:ぉ evaluatedusing 

aqu回'usS.olUti.ons .of hmnic acid .or b.ovine serunt albuntin (BSA)， which w町eusedぉ m.odels.of 

.org剖 ic∞U.oiゐ.百letime∞四eofperm回.teflux was m.o凶旬開dandr印overyyield ofhumic acids 

andBSAwereωlculaJted.τbed田:reasing1MP and面白切singstirr泊Igra:恰preventedmembrane 

(氏名:青才大介 NO.5) 

f.oulingand加IproVedtbe reωvery yield .of humic acids and BSA. The membr百nesurfa田 m.od出ed

witb p(MPC-c咽・AEMA)w出 sigrtifi伺 ntlyeffec世vef.or p陪V閉山gtbe decline in p田me臨 flux，

caused by f.ouling wi血BSA.Op丘mizedhydrod戸l&nlIc∞nditi.onswer官 m.oreeffective也m血e

membrane surface m.odifiω喧• .on f.or inlpr.oving也erec.overy yield .of hmnic acids and BSA. F恒ally，

tbe rec.overy yield .of .orga:oic∞ll.oids泊d田pgroundwa:旬rwas efficiently inlpr.oved by tbe 

c.ombinati.on .of .op血uzedhydr.odynannc c.onditi.ons組 dmembrane s町facem.odifiωti.on.官le

Py-GCIMS血 alysis.of org阻 ic∞lloidscond回 sedby tbe泊Ipr.ovedme曲。dindi凶 :ed伽t白e

∞mp.osi世.on.of.o培:anic印刷必 issintila:r t.o血It.ofhu皿icsub託釦白川也highhuntificati.on.官tis

泊lproved∞ndensati.onmetb.od ωn凶butest.o und問蜘ding.of .org祖 icc.oll.oids pI.operty釦d

interacti.on wi血radi.onuclid偲 f.orsa:fe勿翻問。fHLW.

Chapter V. Conclusions 

百 ec.onclusi.ons .o.f血isdiss削減.onwere summ釘泊d，and perspectives f.or街地err，臨蹴h

studies a:re discussed. 

NO.4) 

than 6-fold concentration using RO membrane. On the other hands, the NF membrane achieved 

20-fold condensation of groundwater with 57% recovety yield of organic colloids. The low rejection 

of monovalent ions and high rejection of divalent ions of the NF membrane allowed the 

condensation of organic colloids in deep groundwater. Therefore, NF membranes were more suitable 

than RO membranes for the condensation of OIganic colloids in deep groundwater. The organic 

colloids concentrated by the NF membrane were successfuJJy analyzed using Py-GCIMS. The result 

indicated that the composition of organic colloids in granite groundwater at a depth of 300 m is 

similar to those of humic substances with high humification. Moreover, some REB concentrations in 

the groundwater condensed by NF membranes could be detected by inductively coupled plasma 

mass spectrometty (ICP-MS), while those in the raw groundwater were lower than the detection 

limit This condensation method would be promising for condensing organic colloids and REEs in 

groundwater efficiently and for understanding the interaction between organic colloids and REEs. 

Chapter Iv. EjJicient condensation of organic colloids In deep groundwater using 

surface-modified nanojlltration membranes under optimired hydrodynamic conditions 

A condensation method using NF membranes was improved by optimization of hydrodynamic 

conditions, such as the applied transmembrane pressure (IMP) and stirring rate, and membrane 

surface modification using a cationic phosphotylcholine polymer, poly(2-methactyloyloxyethyl 

phosphotylchoJine-co...2-aminoethyl methactylate) (p(MPC-oo-AEMA». The effect of the 

optimization of hydrodynamic conditions and membrane surface modification was evaluated using 

aqueous solutions of humic acid or bovine serum albumin (BSA), which were used as models of 

organic colloids. The time course ofpenneate flux was monitored and recovety yield of humic acids 

and BSA were calculated. The decreasing 1MP and increasing stirring rate prevented membrane 

NO.5) 

fouling and improved the recovety yield of humic acids and BSA. The membrane surface modified 

with p(MPC-co-AEMA) was significantly effective for preventing the decline in permeate flux, 

caused by fouling with BSA. Optimized hydrodynamic conditions were more effective than the 

membrane surface modification for improving the recovety yield of humic acids and BSA. Finally, 

the recovety yield of organic colloids in deep groundwater was efficiently improved by the 

combination of optimized hydrodynamic conditions and membrane surface modification. The 

Py-GCIMS analysis of organic colloids condensed by the improved method indicated that the 

composition of organic colloids is similar to that of humic substance with high humification. This 

improved condensation method contributes to understanding of organic colloids property and 

interaction with radionuclides for safety assess of HL W. 

Chapter V. Conclusions 

The conclusions of this dissertation were summarized, and perspectives for further research 

studies are discussed. 
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要 旨

高レベル放射性廃棄物は、人体に対して非常に有害な放射能を有し、数万年以上という非常に長い期間

残存する。そのため、ガラス固化した放射性廃棄物をステンレス容器により密封し、更に、地下数百メー

トルという、生物の生息環境から離れた場所に埋設する、地層処分と呼ばれる方法により処理される。放

射性核種は、地下水への溶解度が低いために地下水中で沈殿し、また、岩盤に吸着されるため、経年劣化

等により容器から万一地下環境中に漏出した場合においても、放射竿核種の樹T速度は遅いと考えられて

いる。しかしながら、核実験施設、廃棄物処理プラント、廃棄物再処理プラントなどの放射性廃棄物の発

生源から数kmも離れた場所の地下水から、コロイドに吸器した状態で放射性核種が検出されたという事

例が報告されており、コロイドによる核種移行速度の促進が示唆されている。このように地層処分の安全

性を評価するため、コロイドと放射性核種の相互作用を明らかlこする必要がある。地下水中に含まれるコ

ロイド成分として、鉱物粒子のような無機コロイドや、フミシ物質やタンパク質、微生物のような有機コ

ロイドが挙げられる。これらのコロイドは、高大な比表面積、官能基(カJレボン酸、水酸基)、電荷を有

することにより種々のイオンや溶存成分を吸着するため、地下水中の搬す性核種の移動に重要な役割を果

たしていると考えられる。放射性廃棄物が埋設される地下環境は嫌気的、被圧環境であり、通常の方法で

サンプPングし、大気暴露、常庄下で分析した場合は、その特性が変化するおそれがある。地下水中のコ
ロイドを正確に分析するためには、これらの地下環境を維持しつつ行う必要がある。また、地下水中のコ

ロイド成分は微量であるため、分析するには濃縮する必要がある。濃縮技術としては、レジンを用いだ吸

着などが提案されているものの、過酷な化学的処理が必要であり、物理的、化学的性質に影響を与えるお

それがある。

以上の背景から、本研究では、地下水中における放射性核種とコロイドの相互作用、及びその動態の解

明を目指し、機能性膜を用いた地下水中成分の分降、分析技術、及び微量成分を検出するための濃縮技術

について研究した。 ~， 

第1章は緒論であり、高レベル放射性廃棄物の地層処分と糊地接種の地下水中における動態について|

概説し、地下水中微量成分の分析における課題をあげた。更に、本論文の研究目的と研究概要を述べた。

第2章では、精密ろ過膜とF財トろ過膜を用いた深層地下水中のコロイドのサイズと成分分析手法の開発

について述べた。深層地下水をサンプリング時の環境、具体的には嫌気的、被圧環境を維持したまま、た精。

密ろ過E葉、限外ろ過膜によりサイズ分商し、コロイドのサイズごとに微量元素を分析する手法を開発し

氏名 |青才大介

ろ液中からは、希土類元素が検出された。・また、コロイドのサイ、ズにより、希土類元素の含有量が異なるこ

とがわかった。ろ過後の膜表面を分析した結果、コロイドとしては、無機コロイド、有機コロイドが共に存

在していることがわかった。無機コciイドとしては、地層中の岩石の主成分元素 f鉄、アルミエウム、マグ

ネシクム、ケイ素)で構成される粒子が存在し、有機コロイドとしては、腐植物質が多く存在することがわ

かった。これらの結果より、希土類元素は無機、有機コロイドに吸着じ、地下水中を移動している可能性が

示唆された。

第8章では、ナノろ過膜を用いて、地下水中のコロイド、特に低濃度では分析が困難な有機コロイドを濃

縮する手法の開発について述べた。膜分離操作は、サンプルに与える物理的、化学的な影響減少ないため、

コロイドの特性を維持したまま濃縮することが可能である。逆浸透膜を用いて実地下水を濃縮した揚合、塩

の祈出により透水伎が急激に減少し、高濃度に濃縮することは困難であった。一方、ナノろ過膜を用いた場

合、塩が透過することで祈出が抑制され、実地下水を高富島度まで濃縮できることがわかった。浪締された実

地下水を PyrolysislGC-MSにより分析したところ、腐植化の進事Tした石炭由来のフミン敵構造に類似する

有機物質が検出された。また、 ICP-MSを用いた希土類元素の濃度分析では、濃縮前は検出限界以下であっ

た希土類元素がナノろ過膜による濃縮後には検出するととが可能であった。これらの結果より¥ナノろ過膜

による濃縮が、地下水中の有機コロイ下、希土類元素の濃縮に有効であることがわかった。しかしながら、

ナノろ過膜を用いた場合でも、濃縮操作により有機物が膜面に堆積し、有機物の回収率が57%まで低下する

べという問題が生じた。

第4章では、濃縮操作による有機物の回収率の低下を抑制するため、ナノろ過膜による濃縮操作における、

ナノろ過膜の表面改質による機能化、及び各種操作条件の最適化について述べた。河イオン性高分子による

表面改質は、材料表面への有機物の付着抑制に効果的であることが知られている。両イオシ佐官能基とカチ

オン性官能基を有する高分子電解質を用いて、アエオン性であるナノろ過膜表面を静電的相互作用によりコ

}ティンFずる手法空開し警ところ、一定濃度以上の高分子電欄締法制いてコーティングすること
で、有機物の膜面への堆積、およびナノ蹴畠膜の透水性能の低下を抑制できることがわかった。また、操作

条件の最適化として、濃縮装置内の撹持速度、膜間差圧を制御することも有効であることがわかった.これ

らの手法を組み合わせることで、有機物の回収率を92%まで向上させることができた。さらに、阿イオン性

高分子による表面改質膜を用いて濃縮した有機コロイドの P抑叫ysis/GC-MSデータからは、両イオン性高

分子に由来する成分は検出されておらずi膜にコーティングされた両イオン性高分子が剥離していないこと

が確認された。

第5掌では、本研究の結論を述べ、まとめを行ったー

以上、本研究では、従来困難であった深層地下水中の微量元索、及びコロイド成分を分析するため、機能

膜を用いた微量成分の分離技術、及び濃縮銭術を確立した。ホ研究により、物理的、化学的状惣を維持した

まま深層地下水を分析することが可能となり、コロイド成分の大きさや、コロイドと微量元素の相互作用に

関して一定の知見が得られた。これまで朱知であった地下深層における放射性廃棄物の動憶の解明や、地層

処分の安全性の確立につながるものとして、価値ある集積である。提出された論文は工学研究科学位論文評

価基準を満たしており，学位申請者の青才対ト比博士{工学)の学位を得る資格があると認める。
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