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Development of separation and condensation techniques using functional membrane for trace
components in groundwater
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Radioactivity of high level radioactive waste (HHLW) 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
stainless 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 naﬁonaf‘auth%ntles, 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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Therefore, development of analytical techniques to understand properties of colloids in groundwater
accurately is required.

In this thesis, a separaﬁc_m technique using microfiltration/ultrafiltration (MF/UF) 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 organic colloids with high concentration and to analyze properties of organic colloids in
detail. Moreover, the condensation technique was improved for high recovery yields of organic
colloids by surface modification of nanofiliration membranes and optimization of filtration
conditions.

~

Chapter 1. General introduction
The background of this study and summarized the findings reported in previous studies. Finally,

the purpose of this thesis was described.

Chapter 1I. Size and composition analyses of colloids in deep granitic groundwater using
microfiltration/ultrafiltration while maintaining in situ hydrochemical conditions

To collect colloids and analyze properties of colloids in deep groundwater without significant
changes of the groundwater chemistry, 2 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
elemgnts(REEs) depending on colloids size. Therefore, the microfiltration/ultrafiltration apparatus is

indispensable for analyzing colloids and REEs in deep groundwater accurately. Actual groundwater
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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, Al, Mg, and Si) and organic 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 radionuclides migration is stronger than that of
inorganic colloids in the groundwater obtained from at the MIU and these findings are useful for

understanding the migration of radionuclides in deep groundwater.

Chapter I11. Concentration and characterization of organic colloids.in deep granitic groundwater
using nanofiltration membranes for evaluating radionuclide 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 Mfﬁiniﬁhl_)"%epends on organic 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 organic 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 inorganic substances on the membrane surface and

crosslinking of organic colloids with Ca®*. Thus, it was difficult to concentrate the solution to more
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than 6-fold concentration using RO membrane. On the other hands, the NF membrane achieved
20-fold condensation of groundwater with 57% recovery yield of organic colloids. The low rejection
of monovalent ions and hi_gh rejection of divalent ions of the NF membrane allowed the
condensation of organic colloids in deep groundwater. Therefore, NF membranes were more shitable
than RO membranes for the condensation of organic colloids in deep groundwater. The organic
colloids concentrated by the NF membrane were successfully analyzed using Py-GC/MS. 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 REE concentrations in
the groundwater condensed by NF membranes could be detected by inductively coupled plasma
mass spectrometry (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, Efficient condensation of organic colloids in deep groundwater using
surface-modified nanofiltration membranes under optimized hydrodynamic conditions

A condensation method using NF membranes was improved by optimization of hydrodynamic
conditions, such as the applied transmembrane pressure (TMP) and stirring rate, and membrane
surface modification using a cationic phosphorylcholine polymer, poly(2-methacryloyloxyethyi
phosphorylcholine-co-2-aminoethyl methacrylate) (p(MPC-co-AEMA)). The effect of the
optimization of hydrodynamic conditions and membrane surface modification was evaluated using
aqueous solutions of humic acid or bow{ine serum albumin (BSA), which were used as models of
organic colloids. The time course of permeate flux was monitored and recovery yield of humic acids

and BSA were calculated. The decreasing TMP and increasing stitring rate prevented membrane
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fouling and improved the recovery 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 ;y fouling with BSA. Optimized hydrodynamic conditions were more effective than the
membrane surface modification for improving the recovery yield of humic acids and BSA. Finally,
the recovery yield of organic colloids in deep groundwater was efficiently improved by the
combination of optimized hydrodynamic conditions and membrane surface modification. The
Py-GC/MS 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 HLW.

Chapter V. Conclusions
The conclusions of this dissertation were summarized, and perspectives for further research

studies are discussed.



(AU 1) " RLCEEORROES

K& | ET X

K& | FF KA
a5 Development of separatxon and condensahon techniques using functional membrane for trace components
gﬂ in groundwater
(aE ﬁlﬁ%)ﬁb\tﬂﬂ?mq’%&iﬁhﬁwﬁﬁﬁkJ:U%ﬁ&ﬁf@ﬁﬁ%)
E & B 4 K £
x & g wmil FA
| mzx |s= gk %
z al & |# wH %
B
B OE 2y
= B

B VOVIRGHERSEME, A L CHRBRFER SRR E L. BHELE LV D FEFICRY I
BETS, TORD, V7 ABELHSEEENERT V VASHIZ LV BE L, Bt #ITRE A~

Frend, EHOLEERE» DEENCBIICERT 5, HBLS LFITh BRI L VABENS, K
HHEER, HTA~OEREMON DI TP CHEEL, i, BRIORESHBI LD, BESL |

S X D EFBH L H—HTRERICRE LB AEVT b, BHEM0BTEERE L E X bhT
VB, LiLARD, HERER, BEEWOES Y b BEREIEAETS M PORSHERS Y 0%
AN BE km bEENCBTIOMTAND, 20l FIRE LioRE CREHESERRE Shis v 5%
FRBESRTEY, 2ns ML 3 HEBTREORENRRIN TS, 20K > KBS ORS
BEFET B, 204 FLBHESEOHERREN b 0T BUBHD D, BFATCEENS=
RA KA E LT, BIRTFOL S RER=n L B0, 7 VMRS VAV E, BEDO L RERS
oA FREFBRE, Zhboand M, BALLKER, TRE IARVE. KBE) | BEEE
FBZ LTk VA DA AVRBERS 2 RET B, BT ARORHERBROBHICEEREE 22
ELTWB L b5, KIHERSEMAER ShD BTSN, RERETHY ., BEOFET
P FIT L, KGRE, BETCHMFLEBAR, TOMERELT 3B ThRSS, HTFARD=
vA FEEREIZHWT B i2DI0, :nib@ﬂ!a?%fﬁé‘%ﬁ#boo’“ IVNERDBD, Efe, HTARPDO=
B4 RRAMETH BT, HHFT 5 ICHRET 5 RERS 5, BRERFL LT, LOVERVER
B ERBESK TV S SO0, BEVREEONERNETSH Y, WE, LEOETICEEL 5258
Ensibs, '

BLEDEESD, AR T, HTFARICBI SHEHEEL 204 FOMEIAR, ROEOBEOMR
WAL, WIEHTERCCHTATRAOME, ST, ROURRS 2RI 57D ORIEHH
IZOWTHE L, ~f

B 1EIHRTH Y | B L IVHAHEBERN ORBALSY & HOHEEROR TSI B BIBIc >V T
WOLL, HTATRERSOATITEST SMEE S e, EIC, FRXOTE AR L FIEEL BT,

82 5T, WL B SEEE AV EEERTATOI 2, FO¥A X RS FEOBS
EOWTRTe, EEATAEYY Y > /RO, RENIIRRN, BEREEERLEEE, B
HHBB B BB E D F14 AHB L, T0A KOPA XL BETRE TS DFUR I LIz,

BEF»POIT, %iﬁmﬁzﬁ?&lﬂénﬁ_, %7, aeg FOVAXED, %ﬂ:ﬁ:ﬁ#@ﬁ%‘iﬁsittb_
EBbpote, ABROBEREEL M LR ans FELTHR, Efans R, Fans RRRCE
ELTONB L eBbhofe, Ef=dA FL LT, HEPOEROERAITH @ TrI=Y L =S
AVU b, TAHR) THRINHGEFREEL, Ffoof FELTHE, BN S e BT L i
Mok, TNLOERLY, FEETREE Fiaos FREFL. #TARPEBH LTV TIERER

' TR &N,

I, T/ BBEELANT, MEATOIA K, BICERE TR TRERR AR 71 K28
Y5 FEOBRICOVWCR~T, BYRRMEL, VL7 NIs % SHE, (LR ERDRNED,
S ROREEER U X T 52 LATETHS, PRBEE AV TRETALRE LSS, &
O HIC & 0 BAEAREICRD U, BBRECEET 52 LR Thok. —F, 7/ B82S
A, EIERT D L TITHIMIR S, B TALERES CRETSE 52 Litbholk, BREShE
A% Pyrolysis/GO-MS Ik DA LI L 25, LD LIEREROT S BSEIERT 5
ISR S, £, ICP-MS 2AVAR HETROBEM T, BEINIRERAL T ¢h- |
TR EEER AT BB S BERITIHRIT 3 T L AT Th ok, ThOORRLD, F/ SBE
X BRER, HTAFOHR RS K, HLETROBFCADTHS L Litbhok, L LAENRE,
7/ SBEERAWARETH, BERMEC X ) FEYNEEICHER L., FERDOENRER 57%E TET I3

LS ERAE K,

5 4 5L, BIEIMEI & 5 A OEIREDIET RN 57, . HEEIC X SEEMET S 5,
¥ SBBORTREIC & 5ie(b, ROSEREREORBIC VTR, Tl A EEHSFIt LS
REWHIL, HRRE~OFRION SRR TS 2 LB THS, Rl AVEERELIF
AVEEEE AT ABATERRLRANT, 7oA ETh s T ) HBERESHENREFRICL Y 2
—T 4T T BFEERRULLT 5\—Eﬁ&uLOEﬁ%ﬁﬁﬁmﬁwémwT=~74/&?6 2
<, ARMOBE~OHR, 50 RO KEROE TR TE 52 L itbhok, £, HE
SHORBELE LT, BEEBRNORREE, BREEZHET S L bEHTHS T LRbholk, Zh
bOFELAHADES T LT, ARMOEIREE 02%% CHE XS LR TR, Sbi, Wl AV
BT & BREHREME IV CBH LA 04 FO Pyrolysis/GO-MS F— &5 bid, B A A48
SFICART IRAITREENTEL T Bica—F 4 VS EREEA A BT REBE L TRV S
BRI, :

%5 BT, AFROERERS, ELDEfTok, ‘

Bk, ABFFE TR, HRERTHo R BBRTAPOKRETE, ROzl FRAZIWT B0, i
BEE PO ER S OSHEEAT, ROBBRATRRET L, AWRICL Y. BIE0, LEARIELER L
ERREHT RSN LBTRLRZY, T04 FRAOKE &0, 20 FLEREROMEIERIC
BLT—EDHRFABONE, ThE TREThH- Ll TEBICST 5 RN OBIBORTC, 18
M DREMOUSICORES DL LT, HilHSERTHS, Bl SRR TETRR R |

HEEEHRILTBY, PURHED EFXA 1% B (I%) ORILBIRELDHS LBO D,






