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The complexation relevant for humic acid (HA), one of natural organic matters, is complicated because of the heterogeneity
of HA. In this work, the complexation between HA and UO,*, whose environmental behavior is important in the radioactive waste
management, was evaluated based on this heterogeneity, especially the presence of the multiple complexing sites in HA. HA is
recognized to have a wide distribution of its molecular weight and the structural differences depending on its molecular weight.
Therefore, for the better understanding of the effects of these heterogeneities, HA was fractionated by gel permeation
chromatography (GPC) and the complexation between the obtaind fractions and UO,*" was examined by ultrafiltration and
compared with that by the fluorescence quenching experiment.  The stability constant (logK) of unfractionated HA was 6.25, which
is similar as the reported values (logK = 6.13 ~ 6.75). In case of HA fractions, the obtained stability constants were not different
among them, in contrast, the numbers of the complexing sites were largest in the lowest molecular-weight fraction. This indicated
the complexing amount between HA and UO,** could be influenced by the structural difference in the HA fractions. The
comparison between their results and those of the quenching experiments revealed that the complexing sites, which do not
participate in the fluorescence of HA, were contained in all fractions and these site formed more stable complexes with UO,?* than
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the fluorescent sites.
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Evaluation of the complexation between UO,** and humic acid by
ultrafiltration: effects of the heterogeneity of the molecular weight and
structure, by Takumi Saito (takumi@flanker.q.t. u-tokyo.ac.jp), Shinya
Nagasaki, Satoru Tanaka.
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Fig.1 Gel permeation chromatogram of humic
acid. Column size: 26 mm i.d. x 700 mm height; 10
ml aliquot of 1g/l HA; eluent: 1x10°M phosphate
buffer (pH = 8); flow rate: 1 ml/min; UV detection
wavelength: 254nm. The void volume was
determined by the elution peak of Blue Dextran
(2X10° Da).

September 2002

[FAEIC A A 38 % 0.1M (NaClOg)iZ, pH % 4.00 £0.02 (2
LT,

FELIZHAHDWIIED T 5 7 2 g L ERHKR 5ml % 15ml
DA ERBRE T L, U0 I %2 N2 72, pH = 4.00
+0.02 IZFRFE L 72 0.1M NaClO, Ak Z WS LT, ez
HABLOED T 5 7 2 g » O 10mg/l, UOZ JREE A K
SO HAIZE L TIE5x107~2x10°M, HA 75 7 ¥ 3
AT LTI x 108~ 2 x 10°M O3B 4 4 U0 i = &
12 3 ATORIE L. -, U ZIRIMLTWARNT S
VI REL L RBRICREE L. X ToOREO pH %, 4.00 +
0.02 IZFHFEFHHE L7-%%, 25°CICRRE LT-HIRIE L ST 24
eI & 5 L7z,

HA 88K L 7 U —D U0 &4 HET 5 kL LT, il
RO A AT 7. RINSBT 4V F—2 =y T, 2HE
SFE 3000 D Y YM-3 (ARSI URTH) Z24f
AL, mOIX ALLEGRA 2IR (Ry /<2 « a—/L ¥ —
BREith) 12 C1016 m— 4 — & 3FE LI b0 & HEH Lz,
—WREZ, RALABA T LB R R DR
MPHPRET D2 EBRMONTREY, ZOFEER/NRIZ
Mz B9z, F, 0.1M NaClO, (4.00 + 0.02)¥A% 1ml %
T 4V H—2 = MTAK, 7400xg DN T 45 4y [H=
DEEIZINTHZ LT, 2=y hOWEEIT-72[20]. £7-,
BEREDRIEN S, UOZD—EMN AL 7 L a5
HENRE SN TNDZ b, UOHTD AT L TxHt
T LHBBREFMT D 120D PHEREIT > 72[10]. H1H]
JEFE 107 ~ 10°M OFPH D U0, Wik % Beifris 7 7 4 V4
—z =y MIAR, 7400xg T 90 4yRE L AYEEEITV, A
W D U0 MBS IIE 21T - -4 8, i L7z U0 &l
BIFARERTORERIAT 956%, 2EVFEERL LT
0.956 W OHOERELNT. £2 T, EREHZBW T
UO*-HA T 2.3ml ZWisiFH 7 4 Vv H —2=v MIA
AU, 7400xg OANHEEE T 90 JyfRlizm B L 72, AR
O UOS MEZIEL, FTHONEFBRBRTHSZ LT
BEER L T 7 U — D UO I 2 157-. $£7=, HA
BIOZEOHEAENRA L T LU 2FBBTHE0HEZ LN
BH, UVIVIs JIlTEIZ X BN & F OF 51T % EE TH
D, KKEIICESILD logK DIEICREIN AR EL KT &S
e LTI &2 T 72,

ZOEIICLTHELNIEELIER L TWRNnT Y —
D UL EA 6, Kim, Czerwinski 5[21]iC & » THEME &
L 7= Loading Capacity <€ 7 /b ( Metal lon Charge
Neutralization Model, LC =5 /V) ZHAWT, $EKIERLDZ
EEEEE logK & EEETERRICE S L 9 DI K DR+ DE
BTHD LC OFHMEEIT 7=, ZDOFFIATIE, Tu by
TR R E RN AN E A LI EsF 3572
VR DRI SOGIZH LC, Loading Capacity & FEIEN
HHBICATFEEATE LT, logK & FEBREMITIEL
LigniE LT D Z e T, BApsRBRIE - &b



Vol.9 No.1 R4 AIEIEEIC £ D U0, -7 2 v

BOTEONIEEMAEICIET 5 2 & NTTHE
T, ZOETNVOMIKEETIT 5.

LC ET VT, SERTERUR I ERT 2+ 52 H T 248 A
ﬁ/M”#aﬁﬁ B L RO T o YA N EER
T RGP T rERE LCRBENS.

M ™ + HA (z2) <> MHA (z) ey

22T, LEO&ERA A OB E LT DO NE L
SNBEERTA MIE—0 HA Fichbsr L LT, 111D
FOSHPMRE SN TWA. ITESNWT, $RTEROZE
EEHEIUTOLIICERSNS.

__ [MHA(7)] @)

[M** I[HA(2)];
ZIZT, [MHA@QNZ&mA A D7 I A DR E %,
[M™], [HA@)]s 1ZENENEEETERL L TV R WRIR A A
BEEBIVCHABELZELTWS., AERICBWTIL, &E
DR BB X o TE ST AT D UOZ I EE 7> & [MH]
BPREL, TOMEMBTMO U0 BRI L DEMND
[HA@QLBARESENS. £2, [HAQKIFRQ)DOFHHA» B b
o2kl ois, 7a b A hOEERKR L2 O
Th-oT, WRD X IITER SN TR0/ HA R E %
W5,

L7en. UL

[HAG), = (HAEES) @)

ZZT, (HA)X g/l BArTRLZZ HA BETHY, (PEC)
mﬁi@g®$ﬁﬁﬁ%htHA@fuby§@§%
(meg/lg HA) TH BH. D X H T HA J2 £ % mol/l HifL
TRTZLEDTREL 72D, HATE A% RE L LTtk
%ﬁofk@ ¢&%L<i%%%ﬁﬁ TBWT, R
DA LTcEDOTm YA NI LT
DF/M%LTM@M.it,HA#@%ﬁSﬁE%m%
HLTWDEDIT, &BA AN TE 5 EREORIT
HIREND. f-T, BF/A AN HA DT B b A
A P EFEETEDEIBIL, pH oA L URE, &iA 4
DEM, HA DEJRICIKET 22 & &5, ZThH DI
A 16 0 B 70 4K 5 %;@Mﬂ%&@%%ﬁﬁ@%ﬁ&k
X< RRY, HA DB T 285 RSUS ORHT 2 HHEC
LTW5a. £ZT, SERBHRIZHLG LS 2ROV A o
E|4TH % Loading Capacity(LC)Z LA FORD L 912k L,
TG A—=ZIZHA DRBEEORE b2 L b
T 5.
_[MHA(2)],,
~ [HA@), ()
ZIZT, [MHA@IW IFTERC L 5 DK DOEHEDIRETH 5.
Z0LC #HWT, RQTDOHAD ITkOXTETZ L
NTED.
[HA (2)], =[HA (2)], LC - [MHA (z)] ()
K(2), GBS, WEEEK K IZUTFOXTETZ LN T

PRSI Rl D Al -

OB - E R EME DR

5.
_ [MHA (2)]
[M*I(HA (2], LC - [MHA (2)]) ©)
C IR (6) ML LIe IR E W TIRE SN D.
_IMTIHA@)], @
[MHA(2)]
21 lexE oL ®)
[M*]=LCxF -

2.3 UORERIE

DR O UL ERIEICIE, TV & /A RRT 7 F )
A NI D AR B T o B E IS & h 5 % ok
Arsenazo-Ill (Aldrich Co)lZ & 2 W JeREHIE 2RI A L7=[22,
23]. Arsenazo-111 (Arz)i%, U(IV) & MERIEIEH (>3M) T,
UV & BMEERIET (pH =1~ 3) TR ZIEAL L, 652nm
BT ARIEDEINATRTZ G, T, BEO U0
BRI T 2 REBREZERT 5 2 & T, Ko U
TR ORERENFRE L 72 5.
TFAREBROFER, 107M FTO UO2 I O HIE M Al ke
THDHZENRHLMNIT -T2, FRXEORIE T, =OR
SRAMBIC L > THLNEZERBO AN 2ml 7E L,
10ml FRERE IR L2, RIEWF I 2.88 x 10°M @ Arz
R (pH =1.60 £0.02, A4 88 0.1M NaClO,) 2ml ¥s
L, i Uv-3100 WOEYEEERHE VN UVIVS JlE %
VN, 652nm 31T B HED S, UOZZJ'?&%E@%WE%??O
7. Z27C, U0 I ot BRI E— 8 o I 2 o0 L ]
R 52 L L LT-.

3 REARRLER

3.1 HA 25723 Q%R

Bt F5i E K 0 Kb 7 HA @ PEC I, R4y D HA 1%t
LT 6.24 meqgly, F,, Fy, F TR LTI, ENEh, 597,
6.20, 5.99 meg/lg TH-o7z. GPC LV HOLNTZHA T T
TarOPTIE, F, ® PEC BixkbREL, ZOMEIET
VEEDO LD EHIELTWDZ ERbhotz. UL Figl
DIavw NI T AN LbNAEIIZ, ZOTT I ard
TIVBPICEDDIEENKRENZ LIZERT S &5 2
LB, Lo, morZ 7 v ar (F, F) ®PECH 6
BETHY, Fp LN TRERERTEN LN
ROBD HA EFDT7F 273D IR AT Mk
Fig.2 lZ 9. HA I, RAMNEMER B REEOREIE A 40
BFEL, AN MUEZEN S ORINNER Y G > -7
Bz L TEBY, FZ, KRB THE LIV R I E O
HA @ IR 227 buid, BEAEDOAFIEIC W TR LS &
Aldrich HA IZBIL TH LN TV D IR AT kL ERBET
H-o72[19]. Table 112, HA OTEFERRIMLIL > ROIF
B E L iz[24]. 3420-3380cm™ DYWL N K (Peakl)



BFF38y 7w RgESE

3
—1

Absorbance (arb.)

4000 3000 2000 1000
Wavenumber (cm'] )
Fig. 2. IR spectra of HA and its fractions. KBr
method: 3mg HAs in 300mg IR-grade KBr.
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7 (Peak8) 1Z C-OH 3 L TR C-OR I, TN ENIFBE N 5.

IIT, GPC IZL-THRLNTZ 3 DDT T T a D
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pH = 4.00 + 0.02, A A2 FE 0.IM OFEHT T, 2.74 x
10°M O 7 1 b AR A b &2 RO HAC Table 2 (22615 7=
TEEFPAT U0 2T LT, L RAAIEIEIC X - T
B EOTMZ 1T -7, AIEHO U0 IEARIE L,

AT LT 4 NEOFBRBICLDMIEEZIT> THOLN
727U —® U0 13 Table 2 IR LY Tho7-. =
B DO & 2 VO IR IE DML, TR L T 5 U0
BEOFHE 21TV, R(T), @It~ T, LC OFFfiz1T-
T-fER % Fig. 3 ()R L7z, LC=0.238 8556, ZdLC
EHWTZ Y =07 I UBREOFHREZITV, X(6)Z A
CEMI L 785K D22 @ BEE 4L (logK) % Table 2 (27
L7, ThHo logk OFEYfEIL6.25 £ 018 THY, ZD
EIZ pH = 4128175 HA & U0 7 DA RIcr LT, —
RN STV AME (logk = 6.13 ~ 6.75) & —FH LT

Table 1 The assignment of the major absorption bands in the IR spectrum of HARZ.

Index Wavenumber (cm™) Assignment
1 3420 - 3380 OH or NH stretching
2 3000 - 2920 CH stretching in CH, or CH; groups
3 1730 - 1720 C=0 stretching in COOH group etc.
4 1650 - 1630 antisymmetric valence O-C-O bond vibrations in COO
5 1560 - 1540 aromatic C=C bond
deformation aliphatic CH bond or OH bond vibration,
6 1420 - 1320 valence vibration of CO bond of phenols or symmetric
valence vibrations O-C-O bond in COO
7 st O s
8 1050 - 1020 C-OH and C-OR groups
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Table 2 The evaluation of logK of the complexation between HA and UO,%": LC = 0.239

[HA(I ot [UO ot [UO,*] [UO,HA(I1)] [HA(ID]free logk

(mmol/T) (mmol/T) (mmol/T) (mmol/T) (mmol/T) (2/mol)
274 0.50 0.02 0.48 6.02 6.61
274 1.00 0.09 0.91 5.58 6.28
274 2.00 0.21 1.79 471 6.26
27.4 2.50 0.35 2.15 4.35 6.15
27.4 4.00 0.87 3.13 3.36 6.03
27.4 6.00 1.56 4.44 2.06 6.14
27.4 8.00 2.69 5.31 1.19 6.22
274 10.00 4.02 5.98 0.51 6.46
274 20.00 13.85 6.15 0.35 6.11

Mean value of logK = 6.25 £ 0.18
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i
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T a UEERERE AR U X 9 ICHARE L2 U0 2
et my ML T 7%, FNEILFig. 4, 5, 6D
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750y a CEOHEERICL > TRSED HA O logK
DEBEZTHELHREINTNDZ EnB[26], 414,
HA D logKIZx4 24777 v a v O RN T HIZEL
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Fig. 3. Evaluation of LC of the complexation between HA and UO,**
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Table 3 The evaluation of logK of the complexation between F, and UO,*": LC = 0.241

September 2002

[Fa(ID]iot (U0, T [U0,] [UO,F4(IN] [Fa(I]free logk
(umol/l) (umolll) (umol/1) (nmol/1) (umol/1) (1/mol)
29.0 1.00 0.03 0.97 6.02 6.74
29.0 2.00 0.25 1.75 5.24 6.13
29.0 2.50 0.36 2.14 4.86 6.08
29.0 4.00 1.04 2.96 4.04 5.85
29.0 6.00 1.99 4.01 2.99 5.83
29.0 8.00 3.46 4.54 2.45 5.73
29.0 10.00 4.78 5.22 1.77 5.79
29.0 20.00 13.20 6.80 0.19 6.42

Mean value of logk=6.07 + 0.35

Table 4 The evaluation of logK of the complexation between F, and UO,%": LC = 0.250

[Fo(I]eot [UO* Tt [UO,*] [UOFp(IN] [Fo(11)]free logK
(nmol/T) (umol/l) (umol/l) (umol/l) (umol/1) (2/mol)
37.4 1.00 0.04 0.96 8.36 6.42
37.4 2.00 0.11 1.89 7.43 6.35
37.4 2.50 0.23 2.27 7.05 6.14
37.4 4.00 0.39 3.61 571 6.21
37.4 6.00 1.01 4.99 4.33 6.06
37.4 8.00 1.92 6.08 3.24 5.99
37.4 10.00 2.63 7.37 1.95 6.16
37.4 20.00 11.12 8.88 0.44 6.26

Mean value of logk = 6.20 £ 0.14

Table 5 The evaluation of logK of the complexation between F, and UO,%": LC = 0.290

[Fe(1D]ot [UO,* ot [U0,"] [UOF(IN]  [Fe(1D)]iree logk
(mmol/T) (mmol/T) (mmol/1) (mmol/T) (mmol/T) (1/mol)
284 1.00 0.05 0.95 7.29 6.38
28.4 2.00 0.14 1.86 6.37 6.33
28.4 2.50 0.29 221 6.02 6.11
284 4.00 0.78 3.22 5.01 5.92
284 6.00 1.72 4.28 3.96 5.80
28.4 8.00 2.84 5.16 3.08 5.77
284 10.00 4.16 5.84 2.39 5.77
284 20.00 12.00 8.00 0.24 6.45

Mean value of logKk = 6.07 £ 0.29
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Table 6 The comparison of the complexing parameters between the fluorescence quenching[17, 18] and

ultracentrifuge experiments

logK LC
logKapp.1 logKapp,2 Cui( molll) Cr2( moll)
Fluorescence quenching
0.128
Humic acid 5.07 (0.09) 4.70 (0.20)
2.24 (0.09) 1.28 (0.04)
0.141
Fe 5.05(0.14)  4.58(0.28)
1.27 (0.09) 2.74(0.13)
Ultrafiltration
Humic acid 6.25 (0.18) 0.239
Fa 6.07 (0.35) 0.241
Fo 6.20 (0.14) 0.250
Fe 6.07 (0.29) 0.290
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