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Migration Behavior of a Nuclide in Surface Soil{I)

Hiroshi OBASHI®*and Seichi SATO®

Abstract

The safety assessment of radioactive waste disposal has been carried out in
several countries by advection diffusion equation, including sorption process
of radionuclide ionms.

In surface soil, there are the cases in which humic substamce is ineluded
up to about 10%. The humic substance forms compiex and/or colloides with
the radionuclides. Proton exchange capacity of humic acid, which is a typical
humic substance, is reported to be a hundred times greater than that of
kaolinite, which is one of typical minerals of the surface soil. Therefore;
the nuclides may migrate not only in the form of aquecus ion in the soil and
geological strata but also in the form of husate complex and colloids.

In the present study, the chemical interaction of Sr(Ii) ion with humic
acid was studied, using Sr-85 as altracer, as a part of the investigation of
migration of radionuclides under the existance of humic acid. Proton exchange
capacity of humic acid and complex formation constant of Sr(II) with humic
acid were determined, using the humic acid from Aldrich Chem. Co. The proton
exchange capacity was 4.72+0.17 meq/g meq/gHA, and the complex formation
constant of Sr(II) B was 10°-°%. 1In addition, the effects of humic acid on

sorption bekavior of a nuclide were summarized, based on twe literatures.

Work performed by Hokkaido University under contact with Power Reactor and
Nuclear Fuel Development Corporation.

*Department of Nuclear Engineering, Faculty of Engineering—ﬂokkaido University,
Sapporo 060, JAPAN
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Titration curvesCand €, and the first derivative
of the curves()and@®, as a function of amount of

OH"™ for humic acid solution at 298K.
[HA]=0.20g/1, I=0.1; CI" ion is removed by distilled water.
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Fig.6 Titration curvesCand €, and the first derivative
of the curves()and@, as a function of amount of

OH™ for humic acid solution at 298K.
[HA]=0.20g/1, I=0.1; CI"ion is slightiy included.




Table 1.

Proton exchange capacity of humic acid

humic acid method proton exchange reference
capacity/(meq/g)
Lake Bradford | Acid-base 4.18 Choppin et al. (1978) ¢V
(LBHA) titration
Aldrich Acid-base 4.2 Choppin et al. (1981) ¢
titration
Lake Bradford | Acid-base 3.86+£0.03 Torres & Choppin
(LBHA) titration (1984) ¢®
Aldrich Acid-base 5.43+0.16 |Kim et al. (1090) ¢®
(H1675-2) titration
Gorleben Acid-base 5.38+0.20 Kim et al. (1990) ¢
ground water | titration
Aldrich Acid-base 4.72+0. 17 present work
(H1675-2) titration 5.12%0. 01
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Fig.7 Absorption spectra of humic acid solution(1.0 X 10-3eg/l),
a)with Sr2* and b)without Sr2+
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Table 2 E4/Es ratio of purified humic acid from Aldrich Co.

Humic acid E4 Ee E4/Es E¢/Ee
concentration absorbance absorbance after

/(g/1) at 465nm at 665nm 48 h

0.05 0. 361 0.080 4.51

0.1 0.724 0.162 4.47

0.2 1. 472 0.333 4.42 4.54
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hunated UC b BT LBAT 3 TEENS 5. RoTs 7 I VEBEOBRIL LT
BT ELERS B,

Pig. 8 iSTCIDEEN 5.0x 10" D& =D Sr(I) OBA 4 v RRBEIHT 3
ARGEHKIOT I v HBERFECET S NESRERT, FEANRY $ VRER
DHMEEDIASCBOLTOB I ERSDB, 73 VHBENHMT S & K
MG Sr(I) HPBiFE U, Sr(O ) hunate AKX L. BEMOS(I ) ESr(I dDhunated
BEOATISHM UL bDEEL 505, |
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107 3 VRBIEHEFEONEARE log(Rd/Kd°-Ditlog [X] OBEHE LT, Fie
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Sr(ll) OREEEHR B 22T, Table 3 KRT LI,

Carlsend lz & Z2EE (9 Ibarrad ‘POREVPHEI N TV I, FHADOERIE.
FEChSbOXHMEOFIEFHOEL RS 2o

EHROERTH S 1088a = 3.6 IXTh(IV), V02", Np(VIFDF I/ F=F LA~
DEFEEE ™ thrze/NhEL, S0 7 I YBEREI7IFFAAXDT
IUBSBKIFYEE TR V. £, STUINXBELTWS 7 I VEH#EEKE, AZE
ANEFUNED HET, 8K MEEELTWIEEFILN S,

Table 3 Stability constant for Sr(II )humate
pH u m logfB = reference
5 0.1 1.28 3.6 present work
5 0.1 1.43 4.53 Ibarra et al. (1977)
7.0 0.1 0.82 3.32 Carlsen(1985)
&% TR

(1)6.R. Choppin and L. Kullberg, J. Imorg. Nucl. Chem.,40,651(1878).

(2)P.M. Shanbhag and 6.R. Choppin, J. Inorg. Nucl. Chem.,43,3369(1981).

(3)R. Torres and G.R. Choppin, Radiochim. Acta,35,143(1984).

(4)J.1. Kim et al., Fresenis J. Anal. Chem.,338,245(1990).

(5)L.Carlsen, “Radionuclide-soil organic matter interactions” , Eur. Appl.
Res. Rep.-Nucl. Sci. Technol.,6,1419(1985).

(6)J.V. Ibarra, et al., Ann. Quim. 77,224(1977).

(7YG.R. Choppin, Radiochim. Acta, 44/45,23(1988).
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Fig.8 Distribution coefficient Kd of Sr(II) for DOWEX resin
as a function of concentration of humic acid
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Fig.9 Plot of log(KdY%/Kd-1) as a function
of log[x]
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HA + Ha0 = Hal*+A~ v oeos e (4-1)
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