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BRESK) 50 m OHLS X 0 I F/KZEK L, H FKDFICIESF LTV DB E % A R SEBHRIC L D IMESIC X 0 &
Bz, 8K L7ZH KIS UM Rk D S L 72 BRI E 72 © NS S IGE & LS E O~ ORET — 4
BES L, WERET AT o7, B & LY, EEHER 2 K B C & 5 Nordic EWE B L O IREN D
i - BRI SN 7-RFIRIETH 5 Aldrich 7 2 % V2, RABLOH T AKICE A5 EHME L IaHE - W% O
WWE O I, W E OB IEZ D - DICEE & E 2 LRIV AL ML, ZRTEERIEART bR
FOT IV T NVRBBRELL T, £, MUTKEMEMEIC OV, BRI IT~0 RN BB A A ple D
BLSING, STES, RN ARY R LR L ORRER IS 2~ 27 kL% Nordic JEREWE L el Uiz, Z OF5E, I
FkS % O EREME SRR R OJEREE SR LB 2 R 2 b, BROEERICH ST MR A AT 5,
T AU A (Am) & OEARICB W CEMWE 05+ BIC K ST ISR Z AT 5 72 £ O AT Nordic [EHEME
ERBROFHEZ BT 2 Z LDRBENTZ. 2D ORERIE, AERTHOWEMEEE G —#HO FIEE, HTKPORE
TFME DB Z IS Z L R 2BICAERI TH L 2 L, RENCThREOH TAKTOBREEBHME N, &8
A F v & DEEAERITIBNT, BEEDL K OHFETHW STV DK TR E OREEYE & L CERBHME S L0
BilAi STV % Nordic B E & RO R & FE O FTREME 2 RIET 2 H D TH 5.

Keywords : 0 F/K, EEDE, ARWBEEE Bk Nordic BHEME, 73V, JLKE, 9FESF, SER,
EERT, 7AVIOL

Groundwater was sampled in depth of about 50m for extraction of humic substances in the groundwater. The extraction and
concentration of the humic substances were performed with synthetic adsorption resins. The extracted humic substances and
reference humic substances were made a comparison in chemical property. Aquatic humic substances from Nordic Lake and
non-aquatic Aldrich Co. humic acids were selected for the reference material. The unprocessed groundwater and the humic
substances extracted from the groundwater were compared in UV-vis spectra, fluorescence spectra and the concentration ratio of
humic acid and fulvic acid which were important in order to know characteristics of humic substances. Humic substances extracted
from the groundwater were compared with Nordic humic substances in molecular weight distribution, IR spectra and NMR spectra
from a viewpoint of complexation with radionuclides. This resulted that the extracted humic substances showed similar
characteristics to humic substances in the groundwater, and that the extracted humic substances had similar characteristics to Nordic
humic substances in containing acidic functional group which contributed to complexation and in americium complexation where
americium complexed uniformly, independent of the molecular weight distribution as important characteristics for evaluation of
effects on migration of radionuclides. These obtained results imply that employed method was applicable to extract dissolved humic
substances from groundwater in a non-destructive manner and the dissolved humic substances occurring in groundwater in Japan are
similar to aquatic Nordic humic substances, which are available to purchase at IHSS(International Humic Substances Society), in
complexation behavior with some kind of metal ions.
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AN L EEDESAV SR TE Bl Zhig,
BRI 055 A SBRETH D, M TR OETFIEREY)
BREII RN, + 0 BOBRHME A5 2 LN
HLUWEOHMBIZLD. 2D OEREIRA 722 5 EHEY)
BERWEB RO E M TREICERT A2 L0
HBPECONTIE, BICHRFAPSLEEEZ BN,

HiF K O A A SR L CERIL, K O JE A
B AR LTI A HikE LTIE, 2k Tlaish Tl
FERLERE, BUEIRAEE, RO AL, WHEE,
B, WEERENBEINTHD[9]. ZNHDOTFER
WUBRREE, ALERE:, BRI HEE, 155D RE KRR &
CEHZEICEHLTENENRREFIEETEAL TN
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B4 2 [EESE R %2 (International Humic Substances
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72[18]. OMET HIJINKZED K EEYE % /B RL L,
ST W T2 Sl 23RS ST 5[19,20].
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Table 1 Chemical compositions of the groundwater samples.
Depth Water ORP Ca* Mg?* Na* K* (o]n o)k HCO,™ TOC
ept Temperature  pH (mV) a & a 4 Cco,”
(m) “C) vsNHE  @m)  (@/m’)  (g/m’)  (&/m’) (&/m’) (&/m’) (g/yy) (@C/m’)
22-25 17.5 8.2 373 270 7.6 11.7 3.4 6.0 1.0 156 0.9
53-55 171 83 334 12.7 39 274 9.2 7.0 3.0 142 0.7

WL, WL HFE G B & ORI 2 T~ T-HHI 5 D
[18], BETIHIFE A EFINR. Z DTz, KHFFET
XA R MR & O T2 IR RIS & o THT K o g
WVYE 2B L, BRI L 72 M KSR L O Rt % H kS0
RIS & T 5 Z ik o T, (1) —EOREE
OFIEETRT D (2) BAEOEREYE & FH\ -4
R OFEBAT O FEFMAIE~ O H TREME 2 et 5
TEEHEME L. SEEEYE L LTE, IHSS AR
T2 IEHER 2 K P E C & 5 Nordic EHEME R L O
RFEW 2RI RIS K F LT R 22D Aldrich 7 2 VR %
AW, 2B 0BHWE IR, B OFEIHRESCEE
&M T KB E & 138 e 5 & PRSIz, —i%
WCHAWB BN AR A~ L, ZIRGTTEIEARY
kb, R4k (IR) A7 FVB L UOEMAIEE (NMR)
AR NIVED AT T2, £z, BRBIT~0D R
MBI HEE LB 2 DN T4 RRTH% O T B
BT SEERRICITBEEMICE EN D REMZEROO &
DOTHY, BHEWE & OSERRENRRKENE INDET A Y
7 2 (americium; Am) & V7.

2 EAREBEUGH

2.1 HTFKOEK

HTFAKIE, WELEFRORKEL VKL, dHREL
ToHUFKIZ, BERRIEF DR 22~25 m @ H /KB L O
72ICHEEI L7- O4% 66 mm DR — Y o 7 HF OYEEE 53~55
m HEIZB T AHEH TR TH 5.

VEEE 22~25 m O HHKIE, =7V 7 ML DHLNEES
%, £ 38 mm OEKERE FLIEICER T 7o AL IS HR A
LT, BARFITEY 3dm¥min DEE TEALE. =
NERRE0AN DT T AF v 78y 7 IFE LT-. %
DHb, 1dmP %R Y =T Lo BIEREHRIZ A B L THER K
FAER T FRREE & L7z, R 53~56 m IR DERKIE,
TREE 53m OFLEATITIZ 1 m AKFERRE OKIEEZH T HHE
TR B > THEEDORFENKNEECH - 7272, O£ 90
mm D7 —3 2 7 EFLUEE THEA L, £ 40 dm®imin o
THAEGETT U 7 M X H8KETV, 48 600 dm® ©
FIAF s MBI L. 205 b, 1dmd 2R
U =F L o BUEERIC 2y B L C MR AR Sy A R &

32

L7z, Zih 2 HEETHERY IR LERK L7 FARDOREIT
2,300 dm® T - 7.

22 HTFKOILEHERR

Bk L7 T ARG O (L2 A Table 11273 2K

HepR 3 (total organic carbon, TOC) i, HIE L7-&mERE

(total carbon, TC) & CO? THH L 7= Mk /% 35 & (inorganic
carbon, IC) ®z% (TOC=TC-IC) & L CTHEH L. Wi
JTTENL(ORP) X, K&EH TA Y U VI FAKDMEYE %
0.45 1z m Millex filter TAi# L7k, ¥ b K KK CTE
fizF v 7 L, JWE L. ORPfEIL 22-25 m TERAK L7z
H1 R K23 373mV vs. NHE, 53-55 m Tk L 7= Hi F 7k 23 334
mV vs. NHE Té ->7-. pH X TOA #! ION METER IM-7B
Z VT pH4, pH7 35 L O pHY HEAEPRIE CEM A I IE%
WZHE L7z, 22-25 m OB Tk Tik pH8.2, 53-55 m DM T
KTILpH8.3 Th oz, Fiz, 22-25m THAK L7z FK
RBFOURIN A7 b L& SRS RIEL S FE SRR CHIE LT
FE, B DR R R R 260 nm T 0O BRI
[ZM#HR L. ZOREIOHEE 260 nm (Z31F 2T X
0.030 T - 7= (Fig.1).

K L7=HF KD TOC 812 0.7 B LR 0.9gC/m® Th -
e E T, BBROBMEEEPICHE L- T KOKE 260
nm (23315 5 W% EE X 0.008~0.055 %7k L7-. HEAtEsE &
L7325 1.0 g/m® @ Nordic 7 /L AR EE(FA) DL EE 1% 0.026
THDHNG, BRELZH T KEMDE OREIL 03~2.1
gim® LHEE S — RIS, #F KT OEHEYE O IX
0.04~8.60 g/m* TH Y, ZHIIBAEHKFE(TOC)EDIZIE
11~66%% HH D & S 5H[20]. AlEIERE L 7=~ AKH D
BHIRE S 20 X 5 REEFOREOTHBENICH v, I
B OBERCEZ2VERNEHRYEICL b0 LEE XD
5. ks, WOCEERIEIC & 2 WS O E 3K X 220E
R LTEA, ZTHIERUN W EIC L HBERELEEZ X O
N5, Thbb, WEEITELOFBEEEOW IO T
EFR S I, B/UIEDS 10 mm TSRS 0.030 DG4 OFEiE
RIX T WD, BHRBOMENE2WET DL, WL
DFRFEE L 0.010~0.050 & 721, HEEIEIE 0.38~1.92
gim®* 72 %,
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Fig.1 An absorption spectrum of the groundwater
collected from depth of 22-25 m. The shoulder at
260nm on the spectrum indicated the presence of
the humic substances. The spectrum was
measured with a Shimazu UV-1200
spectrophotometer.

23 BHEMBEOIRTE

JEEREE ORREIT, BT /KHIC 1 oim® AT DI E TE £
D EREE % BHIR ISR S S8 2 HIE[18,19]IC L W 1T -
2. BRECHW O NDBIIBICIL, FEA A DS ILE AR
g (Amberlite #1:8L XAD > U —X) BIXUOFEA 4
ZHatlE (DEAE—t/Lm—2R) O2ENHY, K41
BT EHind 5. mia I Tk S AYE % 900%R14
DB THEAETX, 8 dm¥min o LI 7LV it T aLE
TEDH7D, ZEOHM T KENOHMEBOEWY ZINET 2
DIZH L TWAA, pH2 LUT THBET 2 72 I LK D
pH % 2 DL FICFHHE T 2 B3 & 5 [18]. $2E 1S, 85~90%
TR DORILE TG &, ABKD pH IR ETH D
2%, 0.002 dm3/min & OFEHE T L2MLUEL T & R0 2,
BRI R 2 B9 5[20]. IHSS TIX, HiTF /KL 2 Bk
TP CE DR, BRI & LA A v %
LEAKBETH S Amberlite %5 XAD-8(HL1E 1T
Sigma-Aldrich #1:84 DAX-8 & L CTHRFE STV %) & HfEdE
LCWB[21]. ARBFZETIE, IRMENENSBWIES 4 s
FRIEZ VD 2 L Lie. BHiE O 5L IT DAX-8
23225 nm, {RERGL D XAD-7 % 45~50 nm (W 3y b #
0 7fE) Tho.

TEMEEEE 1T Fig.2 1R XL 912, KK (Pump),
T AKFORLRME ZBRET DIZODOAHILE 3 um B
FO045 pum A—F VU T LT L — (Filter),
BOKERILW) DA pR & M3 2 72O TFKD pH %2 1225 2
DRENAREEYE LA 5 2 (Acidification Column; 7 7 U /L
5%l o 145 mm % 3.5 dm®), AEIE & FeiE L kg
71 2 (Adsorption Column; 7 27 U /L#HIERL ¢ 120 mm, &
B5.6dm’, BHEE2.0~25dm®) MO EN TS, &
N T LiEimtg O T KIE 1M NaOH THIF L 721 1ok
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Fig.2 The equipment for concentration of humic
substances in the groundwater by absorbing on
DAX-8 resin. The concentration system consisted
of diaphragm pump, serial 2 run cartridge filters
(3, 0.45 1 m), acidification column and adsorption
column of DAX-8 resin.

L7z

TREE 22~25 m O F/KEEEURE L XAD-7 2 L7z, =
NOOBIRIXS LU R ERET DDA X )
— VBRI AT o TRAF L, FERBFICA 2Kk TA Y/ —
NENRL D ETHE L. BT 2F7HEEIT, 0.1M
NaOH 5 X (N0.IM HCIZ X 0 3 [BIFLEERE v IR Lgeis L7,

PEAEIESET, AR 600 dm® DRT/KIEIC —MEITHE L7 T
K Z R 20 dm¥min OEAKR L 7 % I T i
BEAZEK LTz, B 7 4T IM HCI % & 0.005
dm¥min TYRINL T pHL5 A2 ICHHEE L7=#, 0.05~0.25
dm®/min ORETWE D 5 LI B LKL, WS
IR RS ST, e I E R E ORIIE ~ DRI
o TH T A LN OBIIERE I h2 ICBEICEAL, &
KENZIT A 7 2B ER 20 cmicx L TR E 15ecm £ T
JERE DA & Tt L3R H Tz,

TREE 22~25 m D# K@D &K L7 # T KK 970 dmd
DPEAEIT 1T 66 ME[ 2 B L, FH AL 13 0.215 dm® /min T
dovo. TEFE 53~55 m OHIKEN HERAK L7124 885 dm?
DR KIE DAX-8 1§ & FVC 174 BRI CHEME L, 3
ALPFREIE 0.085 dm® /min T, JEEE 22~25 m DEAKT
XAD-7 #igZ AW IHEAE DK 40 % TH-72. Zhix
DAX-8 1§ DFIFLFLEED XAD-7 IZH~_T/hE L, #iFk
EAETICHEE D 22 L CTRA ICEKEME T L7
HTHDH. WEITOTNOEE S BRER CfTo7z. #F
ARPEAR, BRI 38 K Ok D RN & B9~ 5 72T
W& BT 2 F 2 L IS T RO pH, ER{EE TR,
SO AR b, BT T ANHLETI KD pH, W&
HT LiEiE% O T K pH, K&, RIAPILA Y b LS
ZRE L. 2B, WEH T o4& @i L= FKOKE,
AAYVY o —C—ERFRFHIT 5 Z LI X VR L.
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Groundwater

Filtration (3 and 0.45 ¢ m)

Acidification (1M HCI; pH1.5)

Adsorption (XAD-7 or DAX-8)

Elution (0.1M NaOH and 50% ethanol)

Acidification (1M HCI; pH1.5)

Centrifugation

|

[
Solution Precipitate
Adsorption (DAX-8) Freeze dry

| removal of CI” (Humic acid)

Elution (0.1M NaOH)
Purification
Cation exchange
| removal of Na*
Freeze dry
(Fulvic acid)

Fig.3 The scheme of concentration, isolation,
purification of groundwater humic substances.
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WHRE 2 WS U7 RS BT, 7K PSSR o 4y Bk H v
[181ic¥#E U T, Fig.3 TR L= FMECHyBE - k&R U7z, JEAE
WE WA ST IE 2 ERENTRED T L (T2 Vv
MRS A 045 dm®) ICHEE L, WHEKE L CRIIER &
[FE D 0.1M NaOH 35 X TN 50% = & J — /L 7% J U C B PSR
HE1T- 7.

BANC 0.1M NaOH Z ¥ HIH F AP 0.01 dm’/min O
HCOH L, BHRICHAE L7z 7 R VRO I VAR VR X
U7 = ) — WAEKER IS 2 fR il S & CRURIME RS & G S
H, IRV T 50% T & ) — /LI K 0 Bk MRSy C &b B RIS IE
FRAY A VA SR T2 IHIE T OB E O L 2 B < 2,
WHHZE HIZ 0.1M HCI Z W C pH % 2 LI NICFREE L,
A A K TYeE LR 5 PN DAX-8 #il5 0.1 dm?
{2 0.01 dm*min O CTHEgE SH 7z

DAX-8 #5725 0.2 dm® @ 0.1M NaOH % i&Hii & LT
JERWE AR L2, E— A —A TR 0.1M HCI %
INZ T pHL BRI L, 7 2 V& Ih B S 8724, 3,000
rom/min T 20 Sy L BEL, TR UL RBAIRE Y
BEL7=. 7 3 U EBIEMA A K TR L7214, SRS L
THEEREE Lz, 7 VRBAIRE L T D BB E TR
i 5 A0 0.05 dm® © DAX-8 512 0.01 dm¥/min Dt
WTHEEE S, 0.05dm* DA A K THE LT Cl %
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brds L7=. DAX-8 #HIEN S D 7 L REEOEHIZIT 0.1M
NaOH Z &K E L CHV, BHIRE T HARNZHHRE L
T8 A A 224t IE (DOWEX 50W-4 : 100mesh)0.015 dm?
LT Na ZfRE L. Do TE LN 7 LRER
Wi & s U, BEREE e LT Lz,

TS OMBEOFER, RE 22~25 m ORI T /KNDIE T
VP 264 mg, 7 VAREE 152.8 mg 3G B A, R 53~55
mOH AN SILT I 8k 18.1 mg, 7 /LA 145.2 mg 3
Boni. TRE 22~25 m O F KSR E O 7 L R g
BIA 1T 85.3 Wt%, 1S 53~55 m DM T KEHME o> 7
JVREEEIA 1T 88.9 Wt% TH DH. bSEOH T KD S
B O 7 VAREEEIA T MRIC 90 %REE TH 572D[22],
RO MR R OSSR E O 7 VR EEEIA TR L7
HTARKD 7 VHRBEIEZ MR, KL TWADEEZX NS,

25 REMED S

SEEIR S A2 T KB BEIIMETH L 720, RE
53~55 mE W L7727 2 VBB L OV LR ERIF oD =
WEBRAZE L LTHWE. 20k, BEWEORIER
FOSSHTIZ Table 2 1R L= & 912, R 22~25 m Hi&iC
BIFOHTITAKEIVERLEZ7 I VBB L7 VAREE (LU,
A7 I UBE) BEO THITFAZ/LRER]), Nordic
7 I VBB LT LAREE (Lot No.1R105H 33 L OF 1R105F)
¥ L OV Aldrich Co. 847 X g (BLF, TAldrich 7 X & ))
ZHWTIT - 72, Aldrich 7 2 VERIZ AR ZFRET 57
DHIZHI 29 % 0.1M NaOH JFTRICIRME L 7=, HCI T pHL5
ICAREIL, R L7=7 2 ViR mE ORI X D ERIRL 7.
ZOBMEE 2B IR LTk, 7 X VIBEFREK TG L,
HERIC X BRI E Le. 25 OB I D)
Th, FEARRREE LT, T8O, SRR A~
MV, ZWRICHHE - 82T v, JRHRT b,
BC-NMR 227 p LT~

', ORA Al 7 v Z—% TR
AEER L NIRRT NVEFZ I v~ N7 77 ¢ —(gel
permeation chromatography, GPC)(Z & ¥ #i~7=. BC-NMR
AT RVLE, UK Z VAREERUE 40 mg 2 L, 7=
MNoEETH Y T SRICEVHIE L.

SRR I, 77 r U RLEOVEN T, KR T AR
FHRR[7] % MR U CRERFREE L7 A T KIS, EREwE
TEEEDN 30 gimP 272D K D ICIAR LTz, Z O¥RE 10 cm? iz
WIS 23 3.7 X 10™ mol/dm® 1272 % & 512 *MAm & RN
L, IRE25 COEREEL SHANTT ARG, wE
DENNAETB T ORI 7 B OS5 T 8E54 2 R AilikT
T Am IRINBE DOIRTRIX, pH8.6, En253 mV TH - 7=.
Am DT EEIREE T Packard 8 Tri-curve #&AS »F L
—a YA —2900TR % A\ T o HURREZ IE L7z,
IR v F 1 — & —(Z, Ultima Gold-AB/F % s EHZA 1 0.001
dm® 1256 LT 0.003 dm® OEI4 TIRA L TRV .
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3.1 HTAKBLUHTKEHEYE ORI BT

Rk 7 L RER S L OME Rk 7 3 RO 10 gim® K
IR DAL A7 B VT, 1 FARDEANRIL 2~
b JL(Fig.1) & [RIIC 260~270 nm 3T I R IR 25588 B
7. kB E L THWZ Nordic 7 2 Utk L O
Aldrich 7 X 1% 280 nm AHEIZ BRI ASFE S H AL, W
THOIEEWE DR M AER L.

Fig.4 |3 /K 7 /LR ER O 10g/m® KA & URAL
BROH T KD ZIRIehhE « 8 A XY bV ERT. MK
7 VR ERIR(Fig.4(a)) TlX, BHEHE 310 nm/E el &
430 nm, & IEIRE 28.6 (B—7 A) 1 L OUihi i & 255 nm/
HOEH R 420 nm, HOERE 475 (B—2 B) O &N
SO B — 7 S S -, HTRK(Fig.4(b)) T, b

Table 2
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WE 325 N/ R 430 nm, HOEIRE 146 (B—2 C)
B L OYh#L I & 255 nm/ 3L & 420 nm, B OGIREE 22.8 (7
—7 D) O _fEFTCE B E— 7 ARt S, Tk
TNLRBOE—27 A BLOB O — 7 mEMEIL, HE
Rz EEnm OHEIPTIZENERM T KO —7 C BLW
D ERMUENEREICMELTWS. £/, 2ThbDoe—2
PLEIZAZEIN KB DI KA XAD-8 it & A CThll
ENT- 7 VRBEOW IR v — 7 i [23] L HIZIF—E
LTW5., =Lt « 8L A7 LD B — 7 RN E
X, BHEE ORA OB RER O EW A KBS 5 [24]
ZEinh, AT MASHTORBERITH T ARICE FHL TV
T NVIREED B H, BREIROREE, SARINEITH 7
T 7 a g EORENR RN - RERE O 7V RERIC B -
RSN TWAHZ EERBLTND.

Analysis methods of the humic substances and the groundwater. Analyses were performed for aqueous

solutions (10g/m*, pH8.0) of humic and fulvic acids. Samples of the humic substances and the groundwater
collected from depth of 53-55m were used for other experiments.

methods : 1 Ultraviolet and visible (UV-vis) absorption spectroscopy; 2 TOC analysis; 3 Fourier Transform Infrared (FT-IR)
spectroscopy; 4 Fourier Transform Nuclear Magnetic Resonance (FT-NMR) spectroscopy; 5 Three-dimensional
fluorescence spectroscopy; 6 ultrafiltration; 7 Gel Permeation Chromatography (GPC) analysis.

Groundwater Groundwater Nordic Nordic Aldrich Groundwater
HA FA HA FA HA
Depth (m) 22-25 53-55 22-25 53-55 — — — 22-25 53-55
Quantity 25 mg — 110 mg — 25 mg 25 mg 25 mg 0.01dm? —
Methods 1,5,6,7 — 1,3,4,5,6,7 — 1,56,7 1,5,6,7 1,6,7 1,2,5 —
e 500 T /~5¢

400

300

Excitation wavelength (nm)

200
300 400 500 600
Emission wavelength (nm)

@)

300

Excitation wavelength (nm)

200
300 400 S00 600
Emission wavelength (nm)

(b)

Fig.4 Three-dimensional excitation emission matrix spectra(iexc =200-500nm, Aem = 300-600nm) for (a) the
groundwater sample collected from depth of 25m and (b) aqueous solutions (10g/m3, pHS8.0) of the extracted
fulvic acid from the groundwater. Contour intervals were 4QSU. The spectra were measured with a Hitachi
F-4500 fluorescence spectrophotometer. Excitation wavelength intervals were 6nm and scan rate was
2400nm/min. Relative fluorescence intensities are normalized with the peak intensity of Quinine sulfate

solution(O.lg/m3 at pHS8) as 10QSU [23].
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RO AUIEIC K 2 RS E 0 43 i 53-8y A % Figl5 1T
7k79°. 30,000 Daltons UL ED 7 Z 7 2 3 »DE|E L, Aldrich
7 IR T0% TR b % <, T Nordic 7 X Ufig, Hb
TAKRZ I VEBBOIEIC DL 725, HITTKZVREER XD
Nordic 7 /VAREEIL E HIZ 10 %REETHY, 7 I VUERICH
AT, W2 3,000 Daltons LD 7 Z 7 3 g ol
BT H T K 7 L AREE DS 60 %35 K TN Nordic 7 L AR RS 30 %
T, ZNVRBIZT I VBIZHA_RTNSRT7 T 7 v a v 0E
BBREL, FHNRSTEN NI N ERbND.

Fig6 37 ViR v~ 7T 7 4 —DOfERERT. &
HridaBt O RBFRER 220> & 53 F B O B 72 55 A0 2 i~
HZEERMELTCEMLZLOT, OWHL T MI2idH
KER—=FARY ~—FVaFE L, BB & LT 0.01M
b U AR ERFEEAR & A2, 4R Ees ke & OFE A
TER AR 2728, WHEHKICIEZ 0.00M LT R Y oA
EIMZ, BT LOWEITIERBCFEM L. LrLeND,
rav b7 ATE—HICREDORELR NS a L
B—, T—=0 T HHNIBRERIBOFEBEL Aon b/ S
eI — A RE—7 NO TN bz, KPR TR
<, DFENRKE WV Aldrich 7 2 VO E— 7 Mg b B
PRERIERY 17.1 23 1CHitH S, %\ C Nordic 7 2 ik 18.0
4y, Nordic 7/VAREE 18.2 4y, HiF/K 7 I W2 18.3 43, Hh
TARZNVKREE 189 wONEE 72 7=, BEE 3 BTV, £
FE OL L +0.1 0 Tho7z. Zh O OR RITERY
BOSTEDMOENEXRLIZHDOTH Y, RIS

100%

80%

60%

40%

20%

0%
f 5 £ 5 &
S E< £ E< 3
5 c T 3 c o
< 3 2 3 =z

(@) (©)
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Fig.5 Size fraction percent of sequential
ultrafiltration fraction for aqueous
solutions (10g/m3, pHS8.0) of humic and
fulvic acids.
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Fig.6 Chromatograms for aqueous solutions (10g/m’, pH8.0)

of the humic and fulvic acids. The retention times of
the humic substances were as follows: humic acid from
Aldrich Co., 17.1min; Nordic humic acid, 18.0min;
Nodic fulvic acid, 18.2min; humic acid from the
groundwater, 18.3min; fulvic acid from the
groundwater, 18.9min. The chromatography was
composed of a Hitachi L-6000 pump, a Hitachi L-5020
column open, a Hitachi D-2500 data processing unit
and a Hitachi L-4250 spectrophotometer.Tris buffer
(de-ionized water 0.800 dm®, NaCl 580 mg,
2-amino-2-hydroxymethylpropane-1,3-diol 1.27 g) was
used for the eluent at a flow rate of 0.0005 dm®/min.
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Fig.7 Distribution for ultrafiltration fraction in solutions imitated ground water|[7] of (a) americium , (b) the fulvic acid

extracted from the groundwater from depth of 22-25 m, (c) americium humates. The initial concentration(Co) of
americium was 3.7 X 10 mol/dm?® and initial concentration of fulvic acids(Co) were 10g/m’ at pH8.0.

Wavenumbers (m™)

Fig.8 IR spectrum(A =1000-2000nm) of the fulvic acid
extracted from the groundwater collected from
depth of 22-25 m. Concentration of fulvic acid was
3,000g/m’ at pHS.0. The spectrum was measured
with a thermo election Magma760 fourier
transform infrared spectrometer. Wavelength
region was 2000-1000 cm-1 and the applied number

of scans was 128.
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BC-NMR spectrum of the fulvic acid extracted
from the groundwater collected from depth of
22-25 m. The spectrum was measured with a
Thermo election Magma 760 fourier transform
infrared spectrometer. The setting parameter
were the following: delay between pulse
sequences 2sec, pulse width 45° .

Fig.9
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