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Sorption Behavior of XAm, 32Ky, 1°Th and *°Co in the Geological
Materials: Eu as an Optimum Analogue for Fate and Transport of Am
Behavior in Subsurface Environment

Seung-Gu Lee*, Kil Yong Lee, Yoon Yeol Yoon, Soo Young Cho and Yongje Kim

Groundwater and Geothermal Resources Division, Korea Institute of Geoscience and Mineral Resources, Daejeon
305-350, Korea

Rare earth elements(REEs) have been used as an useful tool in understanding the various geological processes
such as evolution and differentiation in the crust. The REEs also have been used as an analog of actinides for
radioactive wastes at the water-rock interactions. Using physicochemical properties of the REEs and actinides, we
have shown that Eu is an optimum analogue for understanding the behavior of Am in subsurface environments.
Factors affecting sorption behavior of radioactive nuclides in groundwater were investigated by batch experiments.
Four nuclides such as 2*'Am, '2Eu, '®Tb, and ®Co were selected to test our hypothesis, and '“Tb and ®Co were
specifically used to compare to the sorption behavior between 21 Am-"2Eu and other radioactive nuclides. Four dif-
ferent rock samples and one groundwater were used in the batch experiments where solution pH for all experi-
ments was fixed at 5.5. Our results demonstrate that M Am, 2By, and 10Th show similar sorption behavior
whereas %°Co is different in sorption behavior at the mineral-water interface, suggesting that the sorption behavior
of %%Co is affected by different rock types. Our results also show that 1) Eu in REEs is optimum analogue of fate
and transport of Am in subsurface environments, and 2) mineral compositions such as SiO,, TiO,, P,Os and distri-
bution of REEs such as Eu anomaly play key roles in affecting sorption behavior of radioactive nuclides even
though physicochemical properties of geological materials such as specific surface area and cation exchange capac-
ity can not be ruled out.

Key words : Rare earth elements, Am, Eu, Analogue, Batch experiment, Sorption behavior
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Fig. 1. Cohesive energy for the REEs (full curves) and
actinides (dashed curves). The smooth curves denote the
cohesive energy where these elements remain divalent in
their metallic modification, and the jagged curves the
cohesive energy of their trivalent metallic state (after
Johansson and Rosengren, 1975).
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Table 1. Petrography and physical properties of the samples used in the batch experiment.

Sample Area Lithology SSA(m /g CEC(meq/100g)®

ICH3 Icheon Granite 0.7452+0.0045 0.88
MI2-27.0 Muju Granitic gneiss 0.5438+0.0019 1.34
MI2-30.5 Muju Amphibolite 0.7864+0.0049 2.2
MIJ2-32.5 Muju Amphibolite 1.0281+0.0052 3.56
MIJ2-64.0 Muju Granitic gneiss 0.6109+0.0041 1.12
MI2-75.2 Muju Amphibolite - 1.56
MJ3-24.5 Muju Granitic gneiss 0.5649+0.0046 1.12
MJ3-31.3 Muju Granitic gneiss 0.373 +0.0046 0.44
MIJ3-181.7 Muju Mafic gneiss - 1.78
KS2-62.4 Geumsan Tuff 1.1513+0.0052 27.6

9SSA: specific surface area
PICEC: cation exchange capacity

Table 2. Mineralogical compositions (%) of granitic gneiss, Mafic gneiss by XRD.

Granitic Gneiss Amphobolite Mafic gneiss
Samples MJ2-27 MIJ2-64 MIJ3-24.5 MJ2-30.5 MJ2-75.2 MIJ3-181.7

Quartz 534 399 373 3.8 - 9.1
Plagioclase 26.9 22.6 41.8 334 215 37
K-feldspar - - 0.5 - - -
Biotite - 24.6 8.3 17.8 274 18.7
Chlorite 7 12.9 10.5 13.5 7 65.4
Muscovite 122 - 1.6 7.7 - -
Hornblende - - - 279 19.4 -
Calcite 0.5 - - 36 8 -
Montmorillonite - - - - 2.1 -

Talc - - - - 14.6 -
Total(%) 100 100 100 100 100 99.9
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Table 3. Chemical composition (ppm) of groundwater before and after preconditioning with granitic gneisses and mafic gneiss.

Solutions
Blements — e ICH3  Mi2-27 MI230.5 MI2.32.5 MJ2-64 MJ2-75.2 Mi3-24.5 MJ3-313 MJ3-181.7 KS2.622
K 098 831 318 131 109 501 258 193 293 697 333
Na 147 146 143 147 s 15 177 153 151 156 151
Ca 139 35 321 318 387 363 263 367 297 29 142
Mg 196 253 261 319 404 282 345 295 345 265 14
sio, 34 297 273 293 295 213 30 297 30 306 308
cl 137 15 131 141 142 131 122 142 122 133 13
SO, 774 816 775 969 492 175 11 17 1Al 946 171
F 013 033 047 021 02 047 024 051 024 023 015
L 002 003 003 008 059 003 004 003 004 003 002
S 009 018 048 288 291 048 072 019 072 016 006
Mn 023 035 012 002 OIS 012 021 031 021 093 007
cu 002 002 - 0.01 ] 0.01 ] ] ] ] .
TS 140 214 179 221 305 179 228 202 228 196 146
pH 7.6 - - - - - - - - - -
pHI® - 79 8 8.1 3 19 7.7 79 77 79 71
pHX 584 541 54l 533 544 552 541 576 541 531 517
pH¥ 685 772 77 806 812 78 805 784 805 76 7

“original groundwater (Korea Institute of Energy Resource)

PpH values of solutions after shaking with a ratio of 20 ml/g of groundwater volume to rock powder for 6 weeks

°pH values of the preconditioned solutions and groundwater before batch experiment. After mixing %Co, 1528y, 10Tp and
24iAm into the preconditioned solutions, we controlled the pH of the solutions with 0.7 mL IN NaOH

9pH values of solutions and groundwater at 3 weeks after the beginning of batch experiment
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Table 4. Chemical composition of the geological samples used in the batch ekperiment.

S ) Icheon Muju Geumsan
ampres ICH3 MJ2-27 MJ2-30.5 MJ2-32.5 MJ2-64 MIJ2-75.2 MJ3-24.5 MJ3-31.3 MI3-181.7 KS2-624
Si0, (%) 65.4 78 50.7 51.03 76.48 46.6 714 77.25 55 76.6
TiO, 0.64 0.13 125 0.11 0.0 1.13 0.14 0.14 0.89 0.07
Al 04 15.7 11.6 153 15.61 11.97 13.2 12.03 12.25 16.6 13.12
Fe,04 4.39 2.31 7.19 6.51 2.58 9.11 193 2.1 11.7 1.04
MnQO 0.06 0.02 0.1 0.1 0.02 0.15 0.02 0.02 0.2 0.03
MgO 1.57 0.99 6.82 5.64 1.74 10.1 0.37 0.37 542 <0.01
Ca0 3.49 1.09 7.72 6.87 2.05 10 1 1 2.53 0.54
Na,O 342 3.05 3.57 3.78 3,02 2.55 3.86 3.86 2.58 2.16
K,0 3.31 145 2.87 2.8 0.66 1.86 1.59 1.59 1.55 5.02
P,Os 0.19 0.01 0.99 0.85 0.01 0.8 0.01 0.01 0.09 <0.01
Ig. Loss 1.75 1.38 3.13 5.34 1.16 4,16 0.95 095 3.13 1.38
Total 99.92 100.03 99.64 98.64 99.78 99.66 993 99.54 99.69 99.96
Zr (ppm) 34.3 69.7 309.7 299 64.6 3334 1219 82 109.6 200.8
Hf 0.35 2.09 6.84 6.07 1.48 6.86 3.13 2.26 2.49 6.88
Ta 2.63 70.51 7.96 152 - 2.84 0.18 0.18 445 0.169
Th 26.3 19.1 8.74 9.73 12.1 9.15 19.6 20.8 16.2 18.3
U 6.32 3.99 1.68 2.01 4.8 1.56 9.71 5.79 2.12 2.79
Ba 731.6 2524 1079.2 1059.2 137.2 885.4 231.6 282.1 158.4 124.3
Y 171 211 224 202 10.2 26.5 6.51 133 449 56.1
La 412 66.3 11 1179 23.1 101.9 26.8 58.1 54.6 18.3
Ce 83 9227 2115 219.3 143.1 190.5 45 102.3 106.1 1579
Pr 10.3 12.5 242 34.4 461 21.7 4.16 11 13 5.31
Nd 40.3 45.4 92.3 11.3 17.1 84.6 14.5 40.8 533 223
Sm 7.29 7.58 13 12 3.37 12 2.5 7.26 11.3 6.29
Eu 1.54 0.69 322 3.22 0.38 3.08 0.46 0.7 1.5 0.16
Gd 5.41 9.61 9.16 8.92 3.46 8.71 2.35 6.43 9.28 7.61
Tb 0.64 0.56 0.894 0.88 0.27 091 0.18 0.49 1.26 0.78
Dy 3.24 392 3.97 3.63 2.05 4.37 1.3 3.26 7.02 7.7
Ho 0.57 0.68 0.673 0.61 0.38 0.78 0.24 0.5 1.34 1.7
Er 1.37 1.61 1.77 1.65 091 2.13 0.61 1.07 332 461
Tm 0.21 0.24 0.217 0.21 0.14 0.26 0.097 0.14 047 0.74
Yb 1.33 1.6 1.26 1.22 0.92 1.69 0.74 0.99 3 477
Lu 0.18 0.3 0.183 0.17 0.13 0.23 0.121 0.14 0.36 0.67
Eu/Eu* 0.72 0.27 0.86 091 0.34 0.89 0.57 0.31 0.44 0.07
YREE 196.58 1073.69 473.347 41541 656.31  432.86  99.058 233.18 265.85 238.84

Eu* is defined as the ratio of observed Eu abundance to that which would fall on the Sm-Gd join in chondrite-normalized
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Table 5. Adsorption ratio R of radionuclides (**' Am, '>Eu, '®Tb and %°Co) onto geological materials.

Nuclide  Time  ICH3 MJI2-27 MJ2-30.5 MI2-32.5 MI2-64 MI2-75.2 MJ3-24.5 MJ3-31.3 MJ3-181.7 KS2-62.4
0 day 1 1 1 1 1 1 1 1 i I
0.042 day 051 075 0.50 0.69 0.67 0.42 0.43 0.82 0.61 0.74
025 day 025 052 0.19 0.38 0.42 0.16 0.25 0.61 0.30 0.41
Mam 1day 010 030 0.05 0.10 0.24 0.05 0.12 0.44 0.13 0.12
3day 003 015 0.01 0.04 0.13 0.01 0.04 0.29 0.05 0.02
7 day 0008 0.100 0003 001 0.06 0.03 0.02 0.22 0.02 0.01
14 day  0.004 0.7 0002 0.1 0.04 0.01 0.01 0.19 0.02 0.01
0 day 1 1 1 1 1 1 1 1 1 1
0.042 day 0.64 075 0.57 0.75 0.68 0.50 0.65 0.84 0.67 0.79
0.25 day 037 056 0.25 0.44 0.46 0.24 0.49 0.63 0.37 0.43
1526y 1 day 0.16 033 0.09 0.13 0.29 0.10 0.25 0.45 0.19 0.14
3day 008 0.8 0.02 0.04 0.15 0.03 0.13 0.29 0.08 0.04
7 day 002 010 0.01 002 008 0.03 0.06 0.19 0.05 0.02
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Fig. 3. Sorption ratio of radionuclides 2*' Am, 1?Eu, 1%Tb and %°Co according to specific surface area (SSA) and cation
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