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Research on migration behavior of radionuclides is very important in the safety assessment of
radioactive waste disposal in geosphere. In particular, the properties of humic substances such as
structure, behavior of functional groups in the complex formation should be well studied. Deter-
mination of the concentrations of humic substances is very difficult.

1. 3L &I

B LAOVEREN ORI NS OEER R T 558
CREFOEEERD—2L LTHRBBPICBITAEED
BITEEFH B, ChEECEBRHTRBIICBT 2
BOREMEREE . 20{CEE L EEA L OBEEERIC
L BEBREOBITORENRIC L > TEYE~OZKEOR
B RS FAFELERT EIHD, LA LBTARDPI
BEPNLEPIEEWE L LTOT7 I VIEOFED
HMbLNTWVDB,

COEBMORBBHTARFOFLEELHERITZL
SEMbNT v, L LRIEENSS L -BEEWERD
BROBER LI L o TEMLEDEREL T AP I EH
THE, HTAPICT I VB EPFELETHHEITRT
NG ERIEY, TR CHERAICRES L
BB LIEBHCBATADO TRV, E DBEMLHE
B R g oY (WA

ZETE, DL RT I VROME L EDOBTT
KT AHBBIOWTHERZ T CEZOT, £FETO
BREIELDTHS,

2. 73 HEOEE L T OEE

Kok, TERUHEBROHTOFEY ORBHEEEY
BEhbhkoTwh, INLOEEWEEENH S WIEE
WO BEHTE L DBER I L > THEE L, FOBERIK
BOTHRELDTHE, TOH, 7IVEBRT7VE

T The Properties of Humic Substances and its Effect on
Radionuclide Migration, by Takuji Kanno

Tt S k223438, Professor emeritus, Tohoku University

131

10 Y T T T T T T T T
A, PEAT HUMIC ACID m

Sk B, SOIL HUMIC ACID / -
8- i / -
-
|

1
24

BASE , meq.

1 Titration curves of a soil and peat hu-
mic acid. The small wavy lines on the
curves indicate endpoints for ionization
of weak-‘acid groups having different, but

overlapping ionization constants
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Distribution of Oxygen-Containing Functional Groups in Humic and Fulvic Acids Isolated from

Soils of Widely Different Climatic Zones (in meq/100g)

]

Climatic Zone

Cool, Temperate Cool, Temperate

Functional Group Arctic Acid Soils Neutral Soils ~ Subtropical Tropical Range Average
Humic acids
Total acility 560 570-890 620-660 630-770 620-750  560-890 670
COOH 320 150-570 390-450 420-520 380~450 150-570 360
Acidic OH 240 320-570 210-250 210-250  220-300 - 210-570 390
Weakly acidic + alcoholic OH 490 270-350 240-320 290 20--160 20-490 260
Quinone C=0 230
Ketonic Cu=0 170 {10-180, {450--560 (80-150  {30-140  {10-560 {290
OCH, 40 40 30 30-50 60--80 30-80 60
. Fulvic ncids
Total acidity 1100 890-1420 640-1230 * 820-1030 640-1420 1030
COOH 880 610-850 520-960 720-1120  520~1120 820
Acidic OH 220 280-570 120--270 30-250 30-570 300
Weakly acidic + alcoholic OH 380 340-460 690-950 260520  260-950 610
Quinone Cn=0 200 30-150
Ketonic C=0 200 {170-310 {120~260 160-270 {120-420 {270
OCH, ' 60 30-40 80-90 90-120 30-120 80
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FULYIC ACIDS
4-80% 0

HUMIC ACIDS
20-38% 0

BROWN COALS
20-30% 0

LIGNITES
10-25% 0

HARD COALS
<10% 0

T
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% OXYQEN AS COOH

Variation in percent oxygen as. COOH groups for fulvic acids, humic acids, coals, and lignites.

The horizontal bars indicate the range of values recorded in the literature
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'"$3 Variation in the concentration of humic substances with depth in the boreholes at Fjiallveden

and Kamlunge, Sweden

Borehole  Depth TOC[10] Humic organic carbon,* mg/¢ Humic carbon
m mg/¢ FL  SP (10] % of TOC
Fj 4:349 349 6.7 2,20 2.36 2.16 35
Fj 8:402 402 1.6 0.40 0.42 0.55 25
Fj 2:409 409 3.3 1.74 1.74 2.15 53
Fj 4:420 420 7.9 3.20 291 3.40 37
Fj 8:562 562 15(7) 0.40 0.50 0.80 3(N
Km 3:376 376 4.0(?) 0.12 0.14 0.20 3(?)

* determined fluorometrically (FL) and spectrophotometrically (SP)
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3 Oxygen containing functional groups in
fulvic acids, humic acids, coal and lignites

as related to carbon and oxygen contents.
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4 Proposed structure for marine fulvic acids
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Model macromolecular structures of humic and fulvic acids as influenced by pH and concentra-

Sample Electrolyte conc., M pil
cone., 0.001 0.005 0.010 0.050 2.0 3.5 6.5
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Low —~——— A (29"} ® %g ANA e~
High @ ) @ © 92 o @
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Low —~—— AAAN o (] ~n
High @ @ @ @ @
H(':=O
(HCI-OH)4
COOH COOH COOH H?=0
¢ O g
HO <t:;» CH CH,
RS
R?H
€=0
!
NH

5 Proposed structure for humic acids
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#£5 Composition analysis of DOC in selected

Gorleben groundwaters

DOC Humic  Fulvic

Groundwater - acid acid
(mgC/O) (%) (%)
Gohy-73 97.4 81 14
Gohy-92 40.7 93 7
Gohy-333 10.6 81 17
Gohy-613 5.7 47 37
Gohy-202 3.4 29 59
Gohy-571 0.8 ~0 ~100
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6  Variation of the stability constants (log 8)
for Am(III), Th(IV), and U(VI) humic
acid complexes as a function of the de-
gree of ionization («). (Ionic strength =
0.10 M Na(ClOy4, Ac), T=25°C.) Sym-
bols: D:UO;’2; A=Amt3; O=Th+4.

Am(III): log 81 = 3.5 + 10.9¢, log B2 = 10.4 + 5.3¢;
Th(IV) : log 1 = 9.2 + 7.1a, logfa = 14.2 + 7.60;
U(VID) : logB =5.0+4.8c, logfs =85+ 4.5

IRHDORIFELS BUTHD 7 3 VBRI T HEE
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Pu(IV): log f1 = 9.8 + 9a, log B2 = 16.0 + %
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2L (DOC i—#%IZ 1-15 mg/L. 1 BMOFE 2T 115
mg/L), Pu & EOSERED DOC DM ON TR
PIBLEHRVWAELTVS, COEREE 7 ISRT,

4
10 O\\ _1

102"" N a \o —
Q ’o’\
v o) =EN
> EARR
Eio b NS {
3 * N
AY -0
\
1~ N ~
N\
\
4 [ ]
10 "'1
167}~ - e
1 ] 1
1 10 10°

DOC,mg/l

7  Variation of the distribution of Th(IV),
U(VI), and Pu(IV) between water and
particulates (35-0.45 um) as a function
of the concentration of organics in fresh
water lakes (expressed as the distribution
coefficient Kd, versus dissolved organic
carbon, DOC); Th, open circles; U, solid

circles; Pu, squares.
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(D) OUETRE 8 CROND LIz, pH T &
Am(IIT) OYEEDIETHS, 14 VAERIBLBEB LR

CZERRWEL, COREDHMICH LT Moulin b

RZOBREI VY AEREOBMLOLBHD D THE L
FEXTWBEY, i Am(II) OIKSELEE LT
VBBELERXLNLD, YU NOBREHLIH 2 (pH) T
HBT L, TRELED pH TRV Y A EEOREN
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%6 Stability constants for actinide humates and fulvates (25°C, ionic strength 0.10 mol/£ and degree

of dissociation 0.5 unless otherwise noted)

Element Org. pK. - logh log B2 Reference
Am(III) HA®* 467  8.940.2 12.940.2 6]
" Th(IV) HA® 485  12.940.1 18.0+0.2 (7]
Th(IV) HA® 445  11.840.1 16.8+0.2 (7]
Th(IV)  HA® 444  11.840.1 17.3+0.2 (7]
Th(IV)  FA®  4.02 8.34:0.2 11.5 £0.4 (7]
U@av)?  HAe 7.0 11.5 8]
U(Ivyt  FAS 6.6 11.6 8]
Pu(Iv)? g 9.6 18.3 9]
U(VI) HA® 419  4.1140.02*  8.9440.3" [10]
U(vD)¢  HA® 6.7 11.5 (8]
uvne  FASf 74 13.0 8]
16.1 9]

U(vI) g 8.9

¢ Lake sediment humic acid

¢ From Aldrich Chem. Co.

¢ From Soil Research Inst. Canada
7 Organic material from a lake

k Low ionic strength

(pH 2) T7 3 VEROSHBMIC K & v Kd E%2RT 0’ 3
TIVBESORBIC LB bDOTHL D L LTV,
3 o
: =
[
<
E —
< .
X
g 1t
o] 1 1 =9
2 4 6 8

pH
8 Adsorption of Am(III) onto silica as a

function of pH and ionic strength

b Soil humic acid
< Jonic strength 0.01 mol/2

f Source not given

% Dissociation on degree 0.47

n
0
T

2,

I

1 mg/i

a

Adsorption of HA onto silica as a func-

tion of pH, ionic strength (0,4; 0.01 M,
M, A; 0.1 M) and humic acid [HA}

‘ 5 AN Am(IIT) DWEDFBL 21D, Thikd
INA-T7IVEE-T XYYy A3 TR (K 10,11) T DEBREME TSV ANDT I VBOBES 1 mg/t O
i, 73IVBOBELSE &5 LHBMICEY pH 2 7 IVEBETCHMIGEL. FRUEOBETERYO
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T IVEBSEHARPICRY . DT 3 VERE Am(II)) D%
BEELLDOICRPTE KdEWFETT2b0EERS
nTns,

2 i v 1
il K-‘\o—-j\wS -
- =t ~
v
<
g -2t ofHAl= 1 mgn | -
_ s[HA]= 8 mo/t | =001 M
o[HA] = 10 mo#t ]
-4 1} 1 1
2 4 8 8 10

[ 10 Adsorption of Am(III) onto silica as a
function of pH, ionic strength (I) and hu-

mic concentration; /=0.01 M

“2- a|HAl= 1 mg/l

| amAle 5 mon I=0.1M
o[HA= 10 mgyI i
~4 L 1 L
2 4 8 8 )
pH

11 Adsorption of Am(III) onto silica as a
function of pH, ionic strength (I) and hu-

mic concentration; [=0.1M

7 3 VBIHEY pH (pH<5B) TV U M ICHET B D5,
CNRREDV I AEMOEEN L 7 3 Y TFOEEMD
BEHHEGRICLAbDEELZ LR TV S,

4. 73 HEEAOTK [16]

RKPICH7IVELEBTIVORELEZLAS
T IVWES IO FERL LTETATYS
17,18]c T?D &% T34 F{LERET Ca2t, Fet,
FLTERRA A V2 OMOKPOGE A4 > &3 Tl
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HREEFLTBD, ShOOILERIT /4 3k L
TES S LAY, ¥-BYIFVEELOBRLaOA R
EEDS Lt [19], BA O@EIC X Y HILEY 15
nm OO LT B, Br, Sb RUF Sr PSANDETOTES
TEMNICHEING, COHEREHP S DOC DBEHIE
BEET I VEPERTHSD. DOC BEHNEL
ZABIONTINVEROEESHTEINL. 7V BRI ER
%A EDBRVWEIATVS, £/ DOC EENEYR
3 3EOBTAPOWBEESESHEXRE L, Ba, Sb,
Sr ¥V -BE&ROEEE DOC KIFIZEA LTS
ZEFBEERTWS, SO L7 IVWERIRS
DEEREEELTHEETATLERLTYS (E 7).

F 7 MFLAE 400 nm TOBALAEE 100 nm &4 15
nm OMAEZRHEOIMCEADBE TS L (42 15 um
Tit). Ba, Br, Sb, Sr PADEEBIIZIZEENICH
LINHILPHBEINTEY (X8). Thidcnso
EREEEBRLTWE 7 I VERBHUITOAFLLTHE
FLTWAZLR2ERLTVS,

*72 1 mg C/e L YAkv DOC BELHOBTA
THBEESREOBEE LT LIFREERUTTH 3,
DOC #ED 1 mg C/2 LY REVHEIE 3Mi& 4 1
DTEEOWEE T DOC BIE & FHEMITIZ 1 DEHH
BrsH5 (K 12~14), '

A0 A FRT I VBRAVKBHICTE CHB D -OH
% -COOH DK EREDFELLEHOT, Thid
AHEA 4 V3L LTEAT 3, SO L REEE
& 15 \CRENT VS, 450 nm OFIFLE b DT KT T
WIBE NS Gohy-1012 & Goly-1061 #1 Tk ic i
BEELWIAENL )DL E4DRED24 AmS+ 1+
YHEMENTze COBFBEBP L F 2 EKEED
O 6PAMI VT4 sy T Liztk, Bl D@L
BOOKTRATET 2 Db 5 T4 O OT THRA
SBE L7280 Am BEER AT L7z B D FETHEES
N7z Am DEDIF DOC #EDE Gohy-1012 #i
TR TIRELA R | FELHAMD Am BE L EMET
HBEVPRLN, ZOBEDRAIBIRDOTHMER
97.5+1.6 TH %o, DOC IBEED Gohy-1012 L Y i
Gohy-1061 # T4 (2 mg C/€) HD Am DI EHA
NY —VIEFEHO Am BECL->TE%R 5, 10~mol
Am/eh bR LGREBRN D ERBE L I L o
THRANDEFEFENRLDEY Am BREL LT
BEDKREL, CORBEHABILT 2V ¥y ADGEEK
LoTHRAEDITAFSERLTWBILERLT
VWi, Am BEVNE VBRI INOL ) REDaIT A
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#7 Concentration of DOC and trace inorganic elements in three selected groundwaters from Gor-

leben aquifer systems

Element Gohy-73 Gohy-1012  Gohy-1061
(pH =7.8) (pH =82) (pH=28.2)

DOC (mg C/2) 97.4 7.8 2.0

Ba (10~7 mol/£) 3.7 0.7 0.9

Ce (108 mol/£) 70.4 3.2 1.7

Cr (10™% mol/0) 39.1 4.2 1.7

Eu (109 mol/£) 10.9 1.8 0.9

Fe (10~% mol/¢) 48.6 3.7 1.3

Hf (10-° mol/¢) 6.2 0.4 0.2

La (10~% mol/¢) 26.3 1.6 0.8

Nd (10~8 mol/£) 27.0 2.3 1.0

Sb (10~9 mol/¢) 22 1.6 0.73

Sc (10~9 mol/¢) 38.9 6.3 0.4

Sm (109 mol/¢) 45.0 4.2 2.3

Sr (10=7 mol/£) 20.7 8.4 2.6

Th (16~8 mol/?) 10.5 0.3 0.2

U (1079 mol/#) 11.0 5.5 0.5

Zr (10~7 mol/¢) 12.8 1.7 0.4

% 8 Filtration effects on trace heavy metal concentrations in Gohy-73 groundwater (DOC: 97.4 mg

c/o
Element Filtrate from Percent filtered on filters of
400 nm¢ 100 nm¢ ~ 15 nm¢

Ba 3.7 x 10~7 mol/¢ 50 55
Br 2.6 x 10~% mol/¢ <4 <3
Ce 70.4 x 1078 mol/£ 90 99
Cr 39.1 x 10~8 mol/¢ 78 83
Eu 10.9 x 10~9 mol/¢ 72 87
Fe 48.6 x 10~5 mol/¢ 88 98

Hf 6.2 X 10~° mol/¢ 72 90
La 26.3 x 109 mol/¢ 84 ~100
Nd 27.0 x 10~8 mol/e 93 ~100
Sb 2.2 x 10~9 mol/¢ 36 46
Sc 38.9 x 10~°% mol/¢ 78 89
Sm 45.0 x 10~9 mol/2 ~ 100 ~100
Sr 2.1 x 10=8 mol/¢ =~ 48 52
Th 10.5 x 10~8 mol/¢ 80 ~100
U 11.0 x 10~9 mol/¢ 65 81
Zr 12.8 x 107 mol/¢ 64 91

FOERZ% ., B 15 © Gohy-1012 DG4 & Fk%:

NE—vERL, BE201F OEFFERTHE L
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12 Concentration of Fe(IIl) as a function of
the DOC concentration (mg C/L) in Gor-

leben groundwaters
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L ORERPL T I VHEREUBTORPT Am
Poaag K OEEFHELPICE o205, CHD¥EKE
TDT XYy LDBEN &S BT 5P EBICATR S
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13 Concentrations of trivalent trace rare
earth elements as a function of the
DOC concentration (mg C/L) in Gor-

leben groundwaters

OO FEHbT 0t UEREERRFD [26) 4
WEFINE T2 /- VERUBOEREELFOKE
HEMERET LR L Cb, R A4 v i Mg F
HHVRSHEEMNFICE->T7 3204 FIZET S,
FoOFRTREOENITAFIZR 16 & ) &liksS o
R EoTE 73 vanA N ICET LI L H#L,
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DE7IVBOBEOPOBEICOVTRRTE 225,
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1. 73 WREZ OFRMETH S IE OREEC.
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Size fractionation of Am pseudocolloids (humic colloids) in the Gohy-1012 and Gohy-1061
groundwaters by ultrafiltration at different pore sizes (nm) and by ultracentrifugation at differ-

ent centrifugal forces (g and time). uf: unfiltered.
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10.

Paxéus bt AT = —7 YV POHELORHEFLOH
TAPODEEL-BEYRLAEL, RAUEHT
KD 7 I EE LT 0.1-13 mg C/4(FH 0.8
mg C/2). FAFD 7 I it 3-20 mg C/¢
DHEIHD L eHE L, /2 TRFD DOC
HB Vi TOC D 30-50% 77 I VPETHB
CEEHELTWS,
BEMREEBTAFH Y, BOBRFE%2 727
2 F =N EHRA T V2BV RFMHIREICETT 5
TEDFFMbAT VA,
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WEICHESERVEINTBY, ThiZ72Y Y
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B Lo TT7 ANV ADBRE OO A F2ES L
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BIRAT HBVIE 2 RTC T /23 3 KITCFUEL
25FT, TOEWRPOKE L LT pH R
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FAHYEDOEETE, FTRAF L TR
HE LM EREE (B AT CO0-) KEoTH
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PBREATV B,

IMdA Vit 4 lOBY 7 Y LHEILT7 I VERRP T

NVRBLEEREED LRERa T A N EERES
EEX LN, TREFZBEHH PHETTOEIND
RSBV THA I LELLNG,
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(1)
Drillhole Y-2 N-1 Y-1 R-1 M-3 Y-1
Sample Code No. 81WA201 81WA202  81WA203  81WA204  81WA205  81WA206
Sampling Depth 763.7 355.5 764.7 333.1 339.5 364.7

(m) -877.7 -856.7 -340.5 | —-765.7
Date Collected 3-6-81 3-6-81 3-6-81 4-6-81 4-6-81 4-6-81
Temperature (°C) 8.0 10.1 10.6 12.0 12.0 10.3
Field (Lab) pH 9.53 (8.69) 8.85(8.27) 9.31 (7.57) 8.96 (8.51) 8.84(8.39) . 9.73 (8.99)
Conductivity 960 190 1420 215 210 510

(#S/cm) (1415) (283) (2230) (286) (291) (710)

Field Eh +20 to +79 +13 -56 +57 +22
(emf: mV)
Total Alkalinity (1) 11.5 77 9.25 95 18
Charge Balance 0.18 1.2 1.1 1.9 2.5
Species
DOC (ppm) 4.0 — 4.2 4.0 1.1
(2) |
Drillhole Y-1 Y-1 N-1 Y-1 Y-1 Y-1
Sample Code No. 81WA207 81WA208 81WA209 81WA210 81WA211 81WA212
Sampling Depth 766.4 766.4 358.5 766.4 360.7 360.7

(m) -862.7 -862.7 -655.5 -862.7 -862.7 ~862.7
Date Collected 13-7-81 19-8-81 19-8-81 8-9-81 11-9-81 21-9-81
Temperature (°C) 10.5 10.6 10.4 10.5 15.5 15.5
Field pH 9.54 9.27 8.91 9.28 9.17 9.10
Conductivity 1600 1340 190 1420 1580 —

(uS/cm)

Field Eh +55 +129 -39 +79 — —_
(emf: mV)
Total Alkalinity (1) 11 13 81 ‘16 19 —
TDS (g/¢) 1.12 1.43 0.18 1.28 115 1.03
Charge Balance 3.21 2.43 6.44 0.021 0.039 0.29
Species
DOC (ppm) 1.6 4.3 1.2 1.0 — —
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(2) (%2)

Drillhole/Site Y-1 N-1 Well#1 Well#2 Stream E-1 Y-2

Sample Code No. 81WA213 81WA214 81WA215 81WA216 81WA217 81WA218 81WA219
" Sampling Depth 360.7 158.5 0 0 0 358.7 763.7

(m) -862.7 -655.5 ~-80 -80 -655.7 -878.7

Date Collected 6-10-81 6-10-81 8-10-81 8-10-81 8-10-81 11-11-81 19-11-81

Temperature (°C) 14.5 11.5 11.2 10.2 10.1 10.5 8.0

Field pH 9.11 8.93 5.11 6.13 6.96 - 9.17

Conductivity 1650 215 50 82 315 175 —

(4S/cm)

Eh (mV) +135 -4 +463 +490 +468 -1 —

Total Alkalinity (1) 11 72 12 20 9 84 28

TDS (g/¢) 1.07 0.18 0.03 0.07 0.03 0.18 0.90

Charge Balance 0.67 11.1 9.29 3.28 1.77 22.6 7.15

Species

DOC (ppm) — — — — - 1.3 —

A-2. NAGRA O#TXF—#% (DOC, TOC, pH, Eh)
1986.6.18 D7 — ¥, T XKEF ORI ST BHBICREINTVEY, EHOBEILSUTOLESBY,

USM Untere Siisswassermolasse ~ TEKBE T v &
joki Oberer Jura, Kimmerridge LT a5F 20 PR
km Mittlerer Keuper PR LB (T 428%—) —
mo Oberer Muschelkalk ERL Yy ahNs
s Buntsandstein AALN AT & 7
so Oberer Buntsandstein st vl b R S
r Rotliegendes IRIEHE
KRI Kristallin
(1) ~
FRKEE (m) 123.2 305.6 393.9 618.5 609.0 782 1320.9
-202.3 -327.5 -405.1 -624.1 -629.7 -802.7 -1331.3
DOC (mg/e) 330  11.10 21.00 .90 82 74 53
TOC (mg/¢) 4.40 110 110 .78 74
pH 6.88 8.40 8.26 8.27 8.13 8.06 8.25
Eh:Pt/AgCl (mV) | -47  -230  -40  -220  -220  -290  -350
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(2) .
FRAKGRE (m) 123.2  305.6 393.9 618.5 608.0 782.0
-202.5 -327.6 -405.1  -624.1 -628.8 -802.8
W mo s-KRI KRI KRI KRI KRI
DOC (mg/2) 3.50 11.10  21.00 .90 .82 .74, .15
TOC (mg/?) 4.40 1.10 1.10 .78 53
.74
pH 6.88 8.40 8.26 827 813,8.00  8.06 8.25
Eh:Pt/AgCl (mV) -47 -230 -40 -220  -220,-120  -290 -350
(3)
FRAERE (m) 242.9 822.0 981.0 2260.5 2211 1401.1 1109.2 1109.2
—267.0 -896.1 -985.3 -2273.5 —2224.6 ~1415.7 -1123.8 -1123.8
Wy joki mo s KRI KRI r r r
DOC (mg/¢) 18.0 6.50 34.00 3.90 5.90 7.80 28.00 21.50 ‘74A00 25
TOC (mg/¥£) 24.00 12.00 34.00 9.50 6.10 8.80 22.10 75.00
pH 7.22 7.35 6.81 7.50 8.16 7.66 7.93 7.21 7.20 7.84
" Eh:Pt/AgCl -125 -327 -505 -127 ~-50 -212 -270 -320 -250
(mV) (BEHA)
4
FKEE (m) | 5010 617.3  793.0 9584  977.0 -1354.0 .
-530.5. -696.0 -820.2 -972.5 -1010.0 -1369.0
WE km mo s-r r r r
DOC (mg/€) | 1.40 1.00 .68 22.00 920  144.00 132.00 177.00  170.00
TOC (mg/2) | 3.10 1.10 1.00 11.30  149.00 201.00
pH 8.40 6.78 6.59 7.02 6.64 11.02
Eh:Pt/AgCl -394 -396 -200 -84 -539 -290
(mV)
(8)
FRKBRE (m) 834.5 1179.3 1642.2  1427.4
-859.5 -1227.2 -1688.9 -1439.4
E KRI KRI KRI KRI
DOC (mg/¢) 220 120 1.60 .93 3.60 1.70 4.00
TOC (mg/¢) 220 1.20 1.00
pH 8.85 8.65 867 879 9.16 8.25 8.50
Eh:Pt/AgCl (mV) [ -270  -280 -130 -85 =250 <110 -40
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A-3. RBHTKPD DOC RU7 3 > WBoEsE

7 I VPR OUE L BEBITNORE

T A-3-1 Gorleben #Tkeh®) DOC &7 3 MRV 7 IV KEOMERK
(Kim, J. L et al.: Sci. Basis Nucl. Waste Manage. X, p747-756 (1987))

Groundwater DOC (mg C/¢) Humic acid (%) Fulvic acid (%)
Gohy-73 97.4 81 14
Gohy-92 40.7 93 7
Gohy-333 10.6 81 17
Gohy-613 5.7 47 37
Gohy-202 3.4 29 59
Gohy-571 0.8 ~0 ~100
Gohy-532 30

Gohy-1011 <0.5

Gohy-1012 7.8

Gohy-1061 2.0

Gohy-1271 44

Gohy-2211 110

Gohy-2226 49

Gohy-2227/1 80

Gohy-2227/2 © 110

Gohy-2227/3 82

A’3-2 Finnsjon il (X9 1 —F>) 0 2 DORMLY 5 OB T AOERNEER

AT KFi09 KFi09 KFi09 KFi09 BFi0l BFi0l BFi0l

level (m) 94~ 114-  -182- 360- 71~ 169~ 234-
99 119 187 365 85 191 247

pH 7.3 7.5 7.4 7.6 6.9 7.7 7.7

Eh (mV) -245 -300 -212 — +40 -320 -270

Alkalinity 285 116 160 32 220 200 260

(mg/€ hydrogen

carbonate)

TOC (mg/?) 18 — 7.5 1.0 16 12 6.9
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! A-3-3 27 1—7 Fjillveden RU Kamlunge (57 3HBALBDT I o MRDEEDRSICL 3Tt
(Paxéus, N. et al.: Sci. Basis Nucl. Waste Manage. IX, p525-532 (1986))

Borehole  Depth  TOC[10] Humic organic carbon,® mg/f Humic carbon
m mg/¢ FL SP (10} % of TOC
Fj 4:349 349 6.7 220 2.36 2.16 35
Fj 8:402 402 1.6 0.40 0.42 0.55 25
Fj 2:409 409 3.3 1.74 1.74 2.15 53
Fj 4:420 420 7.9 3.20 291 3.40 37
Fj8:562 562 15(7) 040 0.50 0.80 3(7)
Km 3:376 376 4.0(7) 0.12 0.14 0.20 3(?)

¢ determined fluorometrically (FL) and spectrophotometrically (SP)

182 B: 7 3 L EOREEEH HEEATER)

Notations

I ionic strength (mol/

)

W complexing capacity (mmol/g)

M cation
HA  humic acid
FA  fulvic acid

humic or fulvic ligand (a molecule or a site according to the authors)

o dissociation coefficient of humic substances
b1 interaction constant related to the following equilibrium: M + A = MA with 8 = [MA}/[M][A]
B2 interaction constant related to the following equilibrium: M + 2A = MAg with 82 = [MA]/[M][A]?

The unit of the constants 81 and $» will be the opposite of the unit choosen by the author for the humic

or fulvic concentration. Interaction constants have been recalculated in £/g (values in brackets).

Abbreviation of techniques

D dialysis
IE ion exchange
SE solvent extraction

LPAS laser photoacoustic spectroscopy

SEC size-exclusion chromatography

SP
Ti
TRLIS
TRLFS
UF

spectrophotometry

titration

time-resolved laser-induced spectrofluorometry

time-resolved laser fluorescence spectroscopy

ultrafiltration
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B-1. KRKEHETODT I L PROFELCST 37 7 F =8 THLFE
(Moulin, V. et al.: Radiochim. Acta, 58/59, 179-190 (1992))

¥ B-1-1 Ca(II)-Humic Substances
Ligand Tech. pH I log 51 unit Ref.
HA (Aldrich) SE 5.01 0.1 3.32 Lfeq HT 28
(a=0.65) (0.94)
3.88 2.25
(a=0.44) (0.13)
HA (surface water) Ti 8.2 0.1 6.0% £/mol 6
(1.7)
4.1¢
(0.4)
2.9¢
(0.16)
HA (sediment) Ti 3-5 0.1-0.01  7.2% ? 29

¢ interaction constants associated to a discrete model (three types of sites)

b intrinsic constant

# B-1-2 Trivalent Lanthanide-Humic Substances

Ligand Tech. pH I w log 1 Unit Ref.
Eu(III)

HA (Aldrich) SEC 5 0.02 - 4.3 i/g 8
HA (Aldrich) UF 5 0.1 028 4.5 lg 9
HA (Aldrich) D 4.5 0.05 0.22 6.2 (2.5) £/mol 10
HA (Aldrich) IE 6.0 0.01 - 7.5 £/mol 2
HA (Gorleben) IE 6.0 0.01 - 8.1 £/mol 2
HA (clay) IE 6.0 0.01 - 7.5 £/mol 2
HA (lake) 1IE 4.5 0.1 - B1: 7.4 (4.9)  {L/eqHT 4

£2:10.3
HA (lake) SE 4-5.5 0.1 log £1=8.9a+4.4 12
log B2=3.6a+11.1
4.65 31:8.6 (6.7) £/eqCOOH
(a=0.54) $2:13
FA (sediment) IE 4.5 0.1 - 6.5 (4.2) £/eq HT 13
FA (river) 1E 4-5 0.1 - 10.3 (7.4) £/mol 14
(MW-800) .

HA (s0il) 1E 9 0.1 - 13.7 (11.2) 2/eq HT 15
HA (Gorleben) IE 9.0 0.1 - 12.9 £/eq HT 2
HA (clay) IE 9.0 01 - 3.5 2/eq H* 2
HA (Aldrich) IE 9.0 0.1 - 13.1 £/eq HT 2
Th(III)

HA (Gorleben) LITRS 8.5 0.1  0.75 6.7 (3.6) é/mol 7
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& B-1-3 Trivalent Actinides—Humic Substances

Ligand Tech. pH I w log 81 Unit Ref.
Am(III) '
FA (ground water) Sp 4.65 0.1 0.88 6.4 (3.1) £/mol 16
FA (surface water) SP 4.65 01 122 6.0 (3.1) £/mol 16
FA (granitic water) Sp 4.65 0.1 0.45 6.5 (3.2) ¢/mol 17
FA (granitic water) SEC 5 0.1 - 4.2 g 17
HA (granitic water) Sp 4.65 0.1 0.3 7.0 (3.5) ¢/mol 17
HA (granitic water)  SEC 5 0.1 - 46 /g 17
HA (surface water) SP 4.65 0.1 120  7.0(4.1) £/mol 16
HA (Aldrich) sSp 4.65 0.1 0.96 7.0 (4.0) ¢/mol 16
Sp 6.0 0.1 1.5 6.4 (4.1) 2/mol 18
LPAS 6.0 0.1 1.2 6.3 . £/mol 3
HA (Gorleben) SpP 6.0 0.1 1.1 6.4 (4.0) £/mol 18
HA (sediment) SP 6.0 0.1 1.03 7.0(4.0) ¢/mol 16
HA (sediment) IE 4.5 0.1 - 51:6.8 (4.4) £/eq HY 11
) $2:10.6
HA (sediment) SE - 4-55 0.1 - logp1=10.60+3.8
- log B2=5.30:+10.4
4.65 £1:9.3 (6.6) €/eq COOH 12
(=0.54) " (2:13.3
SP, UF 5-6 0.1  0.4/1.2 6.4 (3.4/3.9) 2/mol 3
. 6 1.0 0.9 6.4 (3.8) £/mol 3
HA (soil) IE 6.5 0.1 - £1:6.4 (3.1) £/mol 19
S B2:10.6 (MW=1800)
Cm(III)
HA (Aldrich) LITRS 4 0.1 0.1 8.4 (4.4) ¢/mol 5
5 0.1 1.2 8.5(5.5) ¢/mol 5
5 0.001 1.6 8.0 (5.2) ¢/mol 5
FA (granitic water) 3 0.1 0.02 7.3(2.6) ¢/mol 5
5 0.1 0.07 7.8 (3.7) £/mol 5
- HA (Gorleben) TRLFS 6.0 0.1 1.1 6.2 (3.8) £/mol 20
Pu(III)
HA SE 2.9 0.5 - 2.8(0.2)  £/eq COOH 21

5.0 0.5 - 3.1 (0.7) 21
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§ B-1-4 Fe(1ll), AI(IIT)-Humic Substances
Ligand Tech. pH I w log f1 unit Ref.
AI(III)
HA (sediment) D 3-5 0.1-0.01 - 3.4-3.8* ? 30
(AB+)
4.4-5.6*
(AIOH?Y)
HA (Aldrich) IE 3-5 - 0.1-04 6.8 £/mol 31
(2.8-3.4)
Natural water IE 3-5 - 1-3¢ 31
Fe(IIT)
FA (soil) Sp 1.0-2.5 0.1 - 4.2-4.5 £/mol 32
(1.2-1.6) (MW=900)
¢ intrinsic constant; ® constants associated with Scatchard and Langmuir model;
¢ mmol/g DOC (dissolved organic carbon)
% B-1-5 Tetravalent Actinides—Humic Substances
Ligand Tech. pH I log 51 log B2 unit Ref.
U@av)
HA (soil) D 6 0.01 7.0° L/g 22
{strong sites: 0.5 mmol/g)
4.5
(weak sites: 4.5 mmol/g)
FA (soil) D 6 0.01 6.6 Llg 22
‘ (strong sites: 0.3 mmol/g)
4.9¢
(weak sites: 1.8 mmol/g)
Th(IV)
HA (sediment) SE 500 . 0.1 13.2(104) 18.4(12.8) ' ¢£/eqHT 23
' (a=0.54)
FA (soil) SE 5.00 0.1 10.8 (8.2) 15.04(9.8) ¢/eq Ht 23
(a=0.8)
SE 4.00 0.1 9.8 (7.1) 13.5(8.2) 2feq HT 23
(a=0.7)
HA (Aldrich) SE 4.00 0.1 11.0 (8.2) 16.4 (10.9) 2feq HT 23
i ‘ (a=0.40)
HA (sediment) SE 0.1 9.247.1a  14.247.6a £/eq COOH 1
HA (Aldrich) SEC 5.0 0.02 15.6 - L/g 8
Pu(IV)?
HA (sediment) SE 0.1 9.84+9« 16.04-9c £/eqCOOH 1

@ constants associated with Scatchard model (two types of sites); ® estimated constants (1]
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% B-1-6 Hexavalent Actinides—Humic Substances
Ligand Tech. pH I log 1 log B2 unit Ref.
HA (sediment) SE 0.1 5.0+4.8a 8.54+4.5a {/eq COOH 1
HA (Aldrich) IE 4.0 0.1 5.1 (2.4) 8.9 (3.5) £feq HT 24
(e=0.47) )
IE 4.5 0.1 6.5-7.4 - £/mol 25
(W=0.2mmol/g)
SEC 5.0 - 0.02 4.4 - l/g 8
HA (soil) D 6.0 0.1 6.7% /g 22
(strong sites: 1.0 mmol/g)
4.7¢
(weak sites: 9.5 mmol/g)
FA (soil) D 6.0 0.1 7.4% 2/g 22
(strong sites: 0.2 mmol/g)
5.6
(weak sites: 3.8 mmol/g)
HA (peat) Ti 3.5-7 0.1 7.8 - ? 26
HA (sea) Ti 4.0 0.1 5.0 8.5 ? 27
HA (sea) - Ti 4.0 0.1 4.5 9.3 ? 27

¢ constants associated with Scatchard model (two types of sites)

B-2. Moulin, V. et al.: Radiochim. Acta, 58/59, 179 (1992)

% B-2-1

Complexing capacity (W) and conditional interaction constant (8) of curium with

Aldrich humic acids as a function of pH for different concentrations of curium at 0.1 mol/?

NaClOy4

[Cm] =3 x 10~8 mol/¢

pH 4.2
W (mmol/g) | 0.040 + 0.003
log B8(¢/mol) | 9.5 £ 0.5
[Cm] = 107 mol/¢
pH 4.2 4.7 5.2 6.1 6.9
W (mmol/g) | 0.104+0.02 0.204+0.05 0.30£0.05 0.5+0.1 0.60+0.05
log B(£/mol) | 9.040.3 76406  8.5%0.3 84403 87405
[Cm] = 5 x 10~5 mol/¢
pH 4.2 4.70 5.2 6.1 6.9
W (mmol/g) | 0.5+0.1 0.5 0.5040.05 2.040.3 1.540.1
log B(£/mol) | 7.6+0.3 6.6 72403 74403 7.3404

2 Only one mesurement performed for this concentration
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B-3. Moulin, V. et al.: Radiochim. Acta, 58/59, 121 (1992)
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* B-3-1 Complexing capacity (W) and conditional interaction constant (3) of dysprosium

with Aldrich humic acids as a function of pH at 0.1 mol/¢

[Dy] =2 x 10~% mol/¢

. pH 4
W (mmol/g) | 0.7£0.1 0.7+£0.1  1.0+0.1
log3(£/mol) | 7.540.2 7.7£0.2 7.640.2
ilB-3-2 Literature data on complexation of trivalent lanthanides and actinides with humic
substances determined by different analytical techniques
Ligand Tech.® pH I w log 8 unit Ref.
Eu(IIT)
Aldich SEC 5 0.02 - 4.3 Lg 8
UF 5 0.1 0.3 4.5 Lg 5
D 4,5 0.05 0.2 6.2 £/mol 9
IE 6 0.01 - 7.5 L/eq 10
IE 9 0.1 - 13.1 £/ mol 7
Bersbo (FA) TRLIS 2.7-6.5 0.1 0.6-14 6.3 ¢/mol 6
TRLIS - 1.0 0.6-0.9 6.5 £/mol 6
Th(III) ‘ '
Gorleben (FA) TRLIS 8.5 0.1 0.8 6.7 £/mol 3
Bersbo (FA) TRLIS 5.6 0.1 1.0 6.3 £/mol 6
Dy(III)
Aldich TRLIS 4-6 0.1 0.7-1 7.6 £/mol b
Am(III)
Aldich Sp 465 0.1 0.96 7.0 £/mol 7
Sp 6.0 0.1 1.5 6.4 £/mol 4
LPAS 6.0 0.1 1.2 6.3 £/mol 4
Cm(I1I)
Aldich TRLIS  4-5 01 0.1-1.2 9485 £/mol 1
TRLIS 5 0.001 1.6 8.0 £/mol 1
Aldich TRLIS 4-7 0.1 0.1-2 7.2-95 £/mol b
Gorleben (FA) TRLIS 6.0 0.1 1.1 6.2 £/mol 2

a: See p.120; b: This work
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4. Engkvist, I and Albinsson, Y: Radiochim. Acta, 58/59, 109 (1992)

5% B-4-1 Metal-humic stability constants

Humic acid- pH log B Method®  Analysis® Ref.
Eu(III) :

Aldrich 6.0 7.61+0.3 1E 1 2
Gohy-573 6.0 7.940.3 IE 1 2
Aldrich 6.0 7.440.2 1IE 1 3
Gohy-573 6.0 - 7.7£04 IE 1 3
Am(III)

Aldrich 6.0 6.27+0.04 LPAS 2 1
Gohy-573 6.0 6.68+0.47 UV Spec. 2 1
Bradford 6.0 6.16+£0.38 UV Spec. 2 1
Bradford 6.0 6.53£0.30 Ultrafiltr. 2 1
Bradford 4.5 8.2+1.0 SE 1 4
Bradford 4.65 7.0+0.3 Spec. 1 5
Bradford 4.65 4.0 Spec. 3 5

@ See p.120; b 1: based on free eq. carboxylate per 1 of solution;
2: based on capacity for Am*3, assuming 3 carboxylates per Am;

3: based on free eq. carboxylate per g humic.

5. Choppin, vG. R. and B. Allard: Handbook on the Physics and Chemistry of the Actinides,
Vol. 8, p.407-430, (A. J. Freeman and C. Keller, eds.), Elsevier Science Publishers, 1985

% B-5-1 Stability constants for actinide humates and fulvates (25°C, ionic strength 0.10 mol/?

and degree of dissociation 0.5 unless otherwise noted)

Element Org. pKa log 81 log B2 Reference
Am(IIT) HA (lake sediment) 4.67 8.9+£0.2 12.930.2 f1]
Th(IV) HA (lake sediment) 4.85 12.94:0.1 18.040.2 [2]
Th(IV) HA (soil) 4.45 11.8+0.1 16.840.2 (2]
Th(IV) HA (Aldrich) . 4.44 11.84-0.1 17.3+0.2 (2]
Th(1V) FA (Aldrich) 4.02 8.310.2 11.5 +0.4 (2]
U(Iv)e HA (Soil Res. Inst., Canada) 7.0 11.5 (3]
U(Iv)e FA (source not given) 6.6 11.6 (3]
Pu(IV)¢  Organic Material from a lake 9.6 18.3 4]
U(vI) HA (Aldrich) 4.19  4.1140.02°  8.94:+0.3° 5]
U(vI)® HA (Soil Res. Inst., Canada) 6.7 11.5 (3]
u(vye FA (source not given) 7.4 13.0 (3]
U(VI)¢  Organic Material from a lake 8.9 16.1 [4]

@ Jonic strength 0.01 mol/¢; ® Dissociation on degree 0.47; ¢ Low ionic strength.
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6. CEC Project MIRAGE (Second Phase), J. I. Kim, Geochemistry of Actinides and Fission
Products in Natural Aquifer Systems (1990)

5% B-6-1

complexes®

Complexation constants and number of functional site () of humic/fulvic acid

Metal ion/ligand pH It i log 8
Th*t/HA 3.5 0.1 1.92 6.74
Th*+ /HA 3.95 0.1 1.00/2.00 11.1/16.2
Th*+/HA 503 0.1  1.00/2.00 13.2/18.4
Thi+/HA 8 0.1 1 17¢
Thi+ /FA 401 0.1 1.00/2.00 9.8/13.5
Thtt/FA 500 0.1  1.00/2.00 10.8/15.1
- UORt/HA 5 0.1 1.26 5.68
Ot /HA 3.5-7 0.1 1.0 7.89
U0+ /HA 404 0.1  1.00/2.00  5.11/8.94
UOZt /HA 8 - 1.00/2.60 7.6/11.5¢
Put/HA ~4 - 1.00/2.00 12.4/17.2
Putt/HA 8 - 1.00/2.00  18.8/20.00°
Am®t/HA 6.5 - 1.00/2.00 6.4/10.6
Amd+/HA 4.5 0.1 1.00/2.00 7.3/11.0
Am3t /HA 8 0l 1.00/2.00 14.4/15.7¢
Eudt /HA 4.50°  0.10¢  1.00/2.00 7.8/10.7
Eudt/HA 8 0.10  1.00/2.00  13.3/14.6°
-Eudt+/HA 4.47°  0.05 0.99 6.15
Eud+/HA 448  0.05 1.04 6.20
Eudt/HA 4.48°  0.10f 0.93 5.88
Eud+/HA 9 0.10 1.00 13.9
Eu3+/FA 450° 0.1  1.00/23.00 6.9/11.0
Eud+/FA 3.2 0.3 1.00 6.9

¢ each line in the Table corresponds to a single fulvic acid type;
b adjusted by NaClOy4, otherwise noted; ¢ acetate buffer;
4 adjusted by KCl; ¢ estimated by extrapolation from

experimental data; f adjusted by NaCl; 9 no pH variation is

given
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# B-6-2 - Complexation of Eu(III) and Am(III) with different humic acids (1:1 complex; £/Eq)

Eu(III) Am(I1T)
Humic acid log 3 (pH=6) logB (pH=9) logfB (pH=9)
HA(Nat)-Aldrich 7.75+0.18 13.451+0.08 -
HA(Ht)-Aldrich 7.64::0.31 13.06+0.26 -
HA(H+)-Gohy 573 8.08+0.21 13.08+0.24 12.34+0.19

HA(H*)-Boom Clay 7.59+0.34 13.47+0.21 13.2240.86

% B-6-3 Complexation of Eu(IlI) with different humic acids at pH=6 in 0.1 mol/¢ NaCl

Humic acid log B (£/g) n log 8 (¢/Eq)
HA(Nat)-Aldrich 5.14+0.15  2.09+£0.11 9.87
HA(H*)-Aldrich 5.38+£0.08  1.89+0.08 - 9.66
HA(H+)-Gohy 573 I 5.00+0.16  2.14+0.12 9.86
HA(H+)-Gohy 573 1 5.2140.30  1.80+0.08 9.30
HA(H*)~-Boom Clay® 5.50+£0.61  2.93+0.25 12.46
HA(H*)-Fanay Augéres? 1.95£0.67  1.35%0.19 5.64
HA(H+)-Fanay Augéres®  1.86+0.40  1.14:+0.28 4.98
HA(H+)-Fanay Augéres?  2.43+0.10  1.0440.04 5.27

@ suspension supplied by KUL; ? criginal supply of CEA;
¢ original supply filtered; 4 repurified by CEA

#* B-6-4 Complexation of Eu(III) and Tb(III) with FA(H*)-Bersbo at different pH and ionic
strength

Element/ I Binding capacity (mmol/g) log B8 (¢/mol)

conc. (mol/¢) (mol/¢) pH=2.71 pH=5.56  pH=6.51 pH=2.71 pH'=5.56 pH=6.51

Eu/2 x 10-5 0.1 . 0.60£0.10 0.81+0.08 1.35+0.10  6.20£0.10  5.95+0.10 6.000.10
(6.20£0.10)  (6.3+£0.1)  (6.5+0.1)

Eu/2 x 10~5 0.1 0.60+0.10 0.91+0.09 0.66+0.06 6.001:0.05 6.0+0.1 6.40+0.10
(6.0040.05)  (6.240.1)  (6.7+0.1)

Eu/2 x 10~7 0.1 - 0.15:4:0.09 - - 7.9040.10
(8.3+0.1)
Tb/2 x 10~5 0.1 - 1.0440.10 - - 5.9540.10
(6.340.1)

( ) values corrected for acetate complex formation (acetate buffer)
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& B-6-5 Complexation of Am(III) with different humic acids at pH=4.65 (spectrophtometry)

and pH=5.0 (chromatography) in 0.1 mol/Z NaClO4

Spectrophotometry Chromatography

Humic acid EC log B¢ log 8 log B log B log B8
(mea/g) (fea) (Yg) (HeqH)  (t/g)  (bfeqH*?)

HA(H*)-Aldrich 0.96  7.040.2 4.0 6.2 4.840.3 7.0
HA(H*)-Gohy 573 - - - - 5.040.1 7.2
HA(H*)-Fanay Auggres 0.30 7.0%2 3.5 6.0 - 4.6£0.3 7.1
FA(H*)-Fanay Augéres 0.45 6.540.2 3.2 5.4 4.24:0.3 6.4
HA(H*)-SWe 120 7.0+£02 4.1 - - -
FA(H*)-SWe 1.22 6.0+0.2 3.1 - - -
FA(H*)-GW?* 0.88  6.4+0.2 3.1 - - -

@ surface water; ®groundwater; ¢ value corrected by EC; ¢ proton exchange capacity

i%B—G-i_i Complexation of Am(III) with different humic acids at different pH and ionic

strength
Humic acid pH I logB® Humic acid pH I log B*
(mol/f)  (¢/mol) ‘ (mol/f)  (€/mol)
HA(H*)-Aldrich 6.0 01  6.3940.14 | HA(Ht)-Gohy 573 6.0 0.1  6.44+0.15
HA(H*)-Bradford 6.0 0.1 6.16+0.38 | HA(H™)-Bradford 5.5 0.1 . 6.4240.34
6.28+0.34

HA(H')-Bradford 5.0 0.1 .  6.41£0.70 | HA(H*)-Bradford 6.0 1.0

¢ tridentate complex of Am(III) (8 is corrected by the loading capacity (L))

7. Kim, J. I. et al.: Characterization and Compiexation of Humic Acid, RCM 01090, Final

Report for the CEC Project MIRAGE II, Contract No.: FI1W 0067D, May 1990

#* B-7-1 Complexation constants of Am3*t and Cm3* with humic acids under different ex-

perimental experimental conditions

Humic Acid pH I (mol/£) Le method log 8 (£/mol)
Gohy-573-HA(HT) 6.0 0.1 0.622  UV-Spectroscopy 6.4440.15
Gohy-573-HA(H*) 6.0 0.1 (0.622) TRLFS? 6.22:£0.07
Aldrich~HA(H*) 6.0 0.1 0.851 UV-Spectroscopy 6.3940.14
Aldrich-HA(H+) 6.0 0.1 (0.851) LPAS 6.1140.05
Bradford-HA(H*) 6.0 0.1 (0.650) Ultrafiltration 6.53+0.30
Bradford~-HA(HY) 6.0 0.1 - 0.650  UV-Spectroscopy 6.16+0.38
Bradford-HA(Ht) 5.5 0.1 0.400  UV-Spectroscopy 6.424-0.34
Bradford-HA(H*) 50 0.1 0.190  UV-Spectroscopy 6.41+0.70
Bradford-HA(H+) 6.0 1.0 0.518  UV-Spectroscopy  6.28+0.34

¢ Joading capacity (%); * Cm
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% B-7-2 Stability constants of actinide and Eu humate and fulvate complexes: HA = humic
acid; FA = fulvic acid. Values with no marking refer to 1:1 complex () and 1:2 (8;)

Ion Ligand pH I (mol/¢) log 51 log B2 Ref.
Thtt HA 3.95-5.03 0.1 10.74-13.18  15.79-18.43 1
HA 3.5 0.1 6.74 2

FA 4.01-5.00 0.1 9.80-10.82  13.45-15.07. 1

yst HA 6.0 0.01 6.98 4.51% 3
FA 6.0 0.01 6.64 4.94% 3

vo3t HA 4.04 0.1 5.11 8.94 4
HA 3.5-7 0.1- 7.8 5

HA 5.0 0.1 5.68¢ 2

HA 4.5 0.01 6.5 6

HA 6.0 0.01 6.73 4.72% 3

FA 6.0 0.01 7.43 5.56° 3

HA 4.5 5.16 9.31 7

FA 4.5 5.14 9.63 7

Am3+ HA 4.5 0.1 6.83 10.58 8
HA 6.5 - 6.4 10.6 9

HA 3.75-5.7 0.1 6.8-11.6 11.9-14.3 10

HA 4.65 0.1 7-7.5 11

FA 4.65 0.1 6-6.2 11

Eudt HA 4.5 0.1 7.38 10.26 8
HA 4.48 0.05/0.1 6.17/5.88 12

HA 9.0 0.1 13.22-14.05¢ 13

HA 5-6 0.1 7.9 6.0 14

HA 3.7-5.7 0.1 6.9-10.9 12.1-13.7 10

HA 6 0.1 7.21-8.21 15

HA "9 0.1 12.55-13.82 15

FA 4.5 0.1 6.49 10.52 8

FA 3.2 0.3 6.9 16

@ Can also be U(VI) as no comments are made about reducing conditions.
b By and By refer to 1:1 complexes of different strength.

¢ 25% of 1:2 complex included.

¢ After correction of input data included in [15].



Vol.1 No.2
SEH

[B-1]

[1] Choppin, G. R. and Allard, B.: Handbook on
the Physics and Chemistry of the Actinides, Vol.3
(Freeman, A. J. and Keller, C. eds.), p407-430, El-
sevier Science Publishers (1986).

(2] Maes, A. et al.: Radiochim. Acte, 52/53, 41
(1991).

[8] Kim, J. L et al.: ibid., 48, 135 (1989).

[4] Moulin, V. et al.: ibid., 58/59, 121 (1992).

[5] Moulin, C. et al.: ibid., 52/53, 119 (1991).

[6] Hering, J. G. and Morel, R. M. M.: Environ.
Sci. Technol., 22, 1234 (1988).

[7] Bidoglio, G. et al.: Radiochim. Acta, 52/53,
57 (1990).

[8] Moulin, V.: Voirdge des 66 PTB-Seminars

(Kim, J.I. and Warnecke, E. éds.), PTB-SE-14 (1986).

(9] Caceci, M.: Radiochim. Acta, 89, 51 (1985).

[10] Carlsen, L. et al.: Geochemical Behaviour of
Disposed Radioactive Waste (Barney G. S. et al.
eds.), p167-178, ACS Symp. Sef., 246, Washington
D. C., 1984.

[11] Bertha, E. L. and Choppin, G. R.: Inorg.
Chim. Acta, 40, 655 (1978).

[12] Torres, R. and Choppin, G. R.: Raediochim.
Acta, 85, 143 (1984). ‘

[13] Marinsky, J. A.: SKBF Report AR 8421 (1982).

[14] Ephraim, J. H. et al.: Talanta, 36, 437 (1989).

[15] Maes, A. et al.: Radiochim. Acta, 44/45, 51
(1988).

[16] Moulin, V. et al.: Inorg. Chim. Acta, 140,
303 (1987).

[17] Moulin, V. et al.: Lecture Notes in Earth Sci-
ences (Allard, B. and Boren, H. eds.), Vol. 33, p305-
313 (1990).

[18] Kim, J. L. et al.: Radiochim. Acta, 52/53, 49
(1991). »

[19] Yamamoto, M. and Sakanoue, M.: J. Radiat.
Res., 23, 261 (1982).

[20] Kim, J. I. et al.: Radiochim. Acta, 54, 35
(1991).

[21] Mahajan, G. R. et al.: J. Radioanal. Nucl.

7 X YPE DR L BEBITAOLE 161

Chem. Lett., 187, 219 (1989).

[22] Li, W. C. et al.: Anal. Chem., 52, 520 (1980).

[23] Nash, K. L. and Choppin, G. R.: J. Inorg.
Nucl. Chem., 42, 1045 (1980).

[24] Shanl?ag, P. M. and Choppin, G. R.: ibid., 43,
3369 (1981).

[25] Giesy, J. P. et al.: J. Environ. Radioactivity,
4, 39 (1986).

[26] Kribek, B. and Podlaha, J.: Org. Geochem.,
2, 93 (1980).

[27] Munier-Lamy, C. et al.: ibid., 9, 285 (1986).

(28] Choppin, G. R. and Shanbag, P. M.: J. Inorg.
Nucl. Chem., 48, 921 (1981). _

[29] Tipping, E. et al.: Wat. Res., 22, 597 (1988).

(30] Tipping, E. et al.: ibid., 22, 597 (1988).

[31] Pott, D. B. et al.: Chem. Geol. (1985).

[32] Langford, C. H. and Khan, T. R.: Can. J.
Chem., 53, 2979 (1975).

[B-3]

(1] Moulin, C. et al.: Radiochim. Acta, 52/53,
119 (1991). '

[2] Kim, J. I et al.: ibid., 54, 35 (1991).

[3] Bidoglio, G. et al.: ibid., 52/58, 57 (1991).

(4] Kim, J. L et al.: ibid., 52/53, 49 (1991).

[5] Caceci, M.: ibid., 89, 51 (1985).

[6] Bidoglio, G. et al.: Talanta, 38, 999 (1991).

[7] Ephraim, J. M.: Sci. Total Environ., 108, 261
(1991).

[8] Maes, A. et al.: Radiochim. Acte, 52/58, 41
(1991).

[9] Moulin, V. et al.: Lecture Notes in Earth Sci-
ence (Allard, B. and Boren, H. eds.), Vol.33, p305-
314 (1990). '

[10] Carlsen, L. et al.: Geochemical Behaviour of
Disposed Radioactive Waste, (Barney, G. S. et al.
eds.), p167-178, ACS Symp. Ser., 246, Washington
D. C., 1984.

[11] Yamamoto, M. and Sakanoue, M., J. Radiat.
Res., 28, 261 (1982).



162 AR R

[B-4]

[1] Kim, J. L. and Buckau, G.: RCM 01788, Prog.
Rep. to CEC, TUM, Miinich, Germany, 1989.

[2] Carlsen, L.: Prog. Rep. to CEC Contract No.
FI1W/0066, Ris¢ Natl. Lab., Roskilde, Denmark,
1989.

[3] Maes, A. et al.: Radiochim. Acta, 52/58, 41
(1991). '

[4] Torres, R. A. and Choppin, G. R.: Radiochim.
Acta, 85, 143 (1984).

[5] Moulin, V. et al.: Tnorg. Chim. Acta, 140, 303
(1987).

(B-5]
" [1] Torres, R. A. and Choppin, G. R.: Radéiochim.
Acta, 35, 143 (1984).

[2] Nash, K. L. and Choppin, G. R.: Inorg. Nucl.
Chem.., 42, 1045 (1980). i

[3] Li, W. C. et al.: Anal. Chem., 52, 520 (1980).

[4] Alberts, J. J. et al.: Ann. Rep. Ecol. Res.,
Savannah River Ecology Laboratory (1979).

[5] Shanbhag, P. M. and Choppin. G. R.: J. Inorg.
Nucl. Chem., 43, 3369 (1981).

[B-7]
[1] Nash, K. L. and Choppin, G. R.: Inorg. Nucl.
Chem., 42, 1045 (1980).
[2] Ibarra, V. et al.: An. Quim., 77, 224 (1981).
[3] Li, W. C. et al.: Anal. Chem., 52, 520 (1980).
[4] Shanbhag, P. M. and Choppin, G. R.: Inorg.
Nucl. Chem., 48, 3369 (1981).
(5] Kribeck, B. and Podlaha, J.: Org. Geochem.,

2, 93 (1980).

(6] Giesy, J. P. et al.: J. Environ. Radioactivity,
4, 39 (1986). '

{7] Munier-Lamy, C. et al.: Org. Geochem., 9, 285
(1986).

(8] Bertha, E. and Choppin, G. R.: Inorg. Nucl.
Chem., 40, 655 (1978).

[9] Yamamoto, M. and Sakanoue, M.: Radiat. Res.,
23, 261 (1982).

[10] Torres, R. A. and Choppin, G. R.: Rediochim.
Acta, 35, 143 (1984).

[11] Moulin, V. et al.: Inorg. Chim. Acta, 140,

May 1995

303 (1987). .

[12] Carlsen, L.: Nucl. Sci. Technol., EUR 9780/1,
EN, CEC (1985).

[13) Maes, A. et al.: Radiochim. Acta, 44/45, 51
(1988).

[14] Caceci, M.: ibid., 39, 51 (1985).

[15] De Brabandere, J.: »
tion of Europium in Boom Clay, PhD Dissertation,

Humic Acid Compleza-

Katolieke Universitreit te Leuven, June 1989.
[16] Marinsky, J. A.: SKBF-KBS TR~83-14 (1983).





