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Abstract: The adsorption behavior of exogenous thorium on soil was studied to evaluate the contaminated risk on soil. The adsorption capacity»
equilibrium time, distribution coefficient and desorption ability were investigated by the experiments of static adsorption. The strong adsorption
ability of exogenous thorium on soil samples was observed by high adsorption ratio ( >92% ) and low desorption ratio ( < 5% ) in equilibrium,
and the biggest distribution coefficient was over 10* . The adsorption capacity and equilibrium time were related to soil properties. According to
the results of adsorption, Freundlich equation ( r =0.9167) and Elovich equation ( R* =0.898 0D were primely fit for describing the
thermodynamics and kinetics of the adsorption of exogenous thorium on soil samples, respectively, which indicated that the adsorption was
belonged to the nonlinear adsorption, and was affected by the diffusion of thorium on soil surface and in mineral interbed. Sequential extraction
procedure was employed to evaluate the bound fractions of exogenous thorium adsorbed on soil samples. Based on the extracted results of
thorium fractions, exogenous thorium was presented in the labile nonresidual fractions Cover 58% ) at the low initial concentration (1077-107°
mol*L™"), and nonresidual fractions enhanced with the increase of the initial amount; meanwhile more exogenous throium was transferred to
the stable residual fractions.
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Table 1~ Physicochemical properties of soil samples

BER Th | il TaEk #fgﬁiiﬂlfﬁ IKH%T?Q?%% KL %

/mg*kg /g*kg /emol*kg <10 pm <1 pm
TR1 10.6+0.5 7.02 0.93% 35.3 8.27 37.3 6.29
TR3 13.6+1.3 6.73 0.71% 7.07 5.47 33.0 7.42
TR4 63.6+2.5 6.52 0.95% 6.76 2.56 20.0 4.48
TRS 18.0+£0.6 7.09 0.56% 17.6 4.35 26.8 6.32
TR6 8.46+0.69 7.18 0.70% 19.8 4.85 14.9 3.48
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Table 2 Concentration and adsorption capacity of Th at the different adsorption time (n = 3)
W BERARE o LA IR Ll s T TS 1]6
_ €y 9 €t qu Cy qu Ct qu €y Gt
/h /mol*L"! Ipg -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
/pg*L™" /mgekg™" /pg*L™" /mg*kg™" /ug*L™" /mg*kg™ /pg*L”™" /mgekg™" /pg'L /mg*kg
2.5x107% 0.368 6.56 0.243 0.69 0.354 0.17 0.359 4.61 0.280 5.25 0.263
1.0x1077 0.551 23.6 0.085 1.85 0.505 1.14 0.529 11.5 0.326 13.0 0.291
2 1.0x10°¢ 5.510 51.0 4.65 45.3 4.95 1.56 5.32 67.0 4.04 291 —
1.0x1073 55.100 196 50.4 147 51.9 3.47 53.3 223 49.6 1822 18.7
2.5x10°% 0.368 5.64 0.258 0.41 0.358 0.05 0.359 3.63 0.294 4.03 0.284
1.0x1077 0.551 19.6 0.149 1.13 0.505 0.05 0.529 7.04 0.397 10.3 0.338
4 1.0x10°° 5.510 32.6 4.76 18.4 4.95 1.18 5.32 37.1 4.54 264 0.162
1.0x1073 55.100 147 51.9 96.6 51.9 3.74  53.3 84.2 51.0 1305 27.7
2.5x10°% 0.368 4.90 0.269 0.44 0.359 0.06 0.359 2.52 0.308 2.77 0.303
1.0x 1077 0.551 8.5 0.213 1.09 0.505 1.07 0.529 5.33 0.419 9.20 0.355
7 1.0x10°° 5.510 20.8 4.93 10.3 5.07 1.99 5.32 23.0 4.72 224 0.762
1.0x1073 55.100 111 51.8 95.6 51.9 3.20 53.3 89.0 51.9 1237 28.7
2.5x107% 0.368 2.99 0.289 0.55 0.360 0.19 0.358 1.70 0.324 0.78 0.328
1.0x1077 0.551 3.8 0.313 0.66 0.511 1.16 0.528 2.30 0.463 3.52 0.426
15 1.0x10°° 5.510 8.80 5.04 2.70 5.15 2.41 5.32 9.60 4.93 75.2 2.62
1.0x1073 55.100 107.3 52.2 51.3 52.4 4.00 53.2 71.7 52.5 382 39.4
2.5x10°% 0.368 1.10 0.307 0.16 0.359 0.11 0.359 0.68 0.326 0.20 0.335
1.0x1077 0.551 1.55 0.489 0.60 0.513 0.35 0.526 0.98 0.465 1.15 0.443
29 1.0x10°° 5.510 30.2 4.89 3.36 5.15 3.06  5.31 8.12  4.93 43.4 2.94
1.0x1073 55.100 115 52.0 53.0 52.4 4.70  53.3 72.3 52.5 55.7 4.7
2.5x10°% 0.368 0.330 0.308 0.69 0.356 0.92 0.359 0.39 0.327 0.80 0.330
1.0x 1077 0.551 1.50 0.280 0.73 0.510 2.12 0.522 1.15 0.466 1.27 0.439
43 1.0x10°° 5.510 12.5 4.96 2.94  5.15 3.50  5.28 9.37 4.9 12.4 3.17
1.0x 107 55.100 109 52.4 13.2 52.6 7.07 53.2 78.8 52.5 143 42.0
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Table 3 Equilibrium time, distribution coefficient and ratio of Th adsorption on soil s in the different initial concentration(n = 3)

ELABE/ mole L~

TR fetx
2.5% 108 1.0x 1077 1.0x10-° 1.0x 1075
To/h 43 29 15 7
TR1 K,/L*kg™" 933 315 573 675
RI% 94.3 95.0 96.2 95.2
To/h 4 15 7 4
TR3 K /L*kg™" 873 774 492 537
RI% 92.9 97.1 95.6 95.8
To/h 4 4 2 2
TR4 Ky/Lekg™! 7180 10 580 3410 15350
RI% 99.1 99.8 9.3 99.8
To/h 43 29 15 15
TR5 Ky/Lokg™! 838 474 513 732
RI% 93.2 95.8 95.7 96.9
Too/h 29 29 43 29
TR6 K /L*kg™" 1675 385 255 766
RI% 96.6 95.0 94.6 97.6
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Table 4  Distribution of fractions of exogenous Th adsorbed on soil samples(n = 6)/mg*kg ™"

JEASZME  Fl+F2 F3 F4 F5 B S i Q (FL+FD/Q/% > (F1~F3)/Q/% > (F1~F4)/Q/%
A2-Al 0.51 0.08 — 0.529 96.4 96.4 111
A3-Al 1.65 2.50 0.50 0.28 5.32 31.0 87.4 9.7
A4-Al 9.18 14.5 7.30 2.26 53.3 17.2 58.1 62.3
B2-B1 0.03 0.39 0.08 0.02 0.465 6.45 9.3 107
B3-Bl 0.35 2.30 0.10 0.09 4.93 7.10 55.8 57.6
B4-B1 4.12 9.54 1.70 0.15 52.5 7.85 29.2 29.5
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Fig.3  Simulation of thermodynamic isotherm of Th adsorption on soil
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Table 4  Correlation coefficients and standard errors of the kinetic model of Th adsorption on soil

s co Elovich /5 & REOE Bt (A
/mol*L~! R? SE R? SE R? SE
2.5% 10 0.9875 0.000 1 0.9872 0.0005 0.9247 0.002
1.0x 1077 0.936 3 0.005 0.9907 0.013 0.994 4 0.000 4
TRI 1.0x 1076 0.9699 0.002 0.969 1 0.000 1 0.9194 0.005
1.0x 1075 0.9897 0.016 0.990 6 0.006 0.998 3 0.002
2.5% 10" 0.898 0 0.000 1 0.8970 0.000 1 0.7433 0.000 1
1.0x 1077 0.9178 0.000 1 0.9176 0.000 1 0.9403 0.000 1
TR3 1.0x 1076 0.998 8 0.000 1 0.9992 0.000 1 0.974 1 0.0003
1.0x 1075 0.996 4 0.0005 0.9967 0.000 1 0.9777 0.003
2.5%10°% 0.9140 0.000 1 0.9092 0.052 0.7538 0.000 4
1.0x 1077 0.9437 0.000 4 0.9119 0.004 0.8443 0.0010
TRS 1.0x 1076 0.9042 0.028 0.882 4 0.002 0.769 6 0.067
1.0% 1073 0.9350 0.207 0.930 4 0.000 1 0.8105 0.603
2.5% 10" 0.9710 0.000 1 0.963 1 0.001 0.8645 0.000 4
1.0x1077 0.9649 0.000 4 0.9615 0.003 0.8993 0.001
TR6 1.0x 1076 0.9128 0.492 0.794 8 1.01 0.8114 1.06
1.0x 1073 0.9548 4.2 0.9224 0.025 0.887 4 10.5
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Table 5 Kinetic parameters of adsorption process of Th on soil

4 co Elovich 77 %
/mol*L~! a b B x 10* k
25x10°%  0.227  0.022  11.3 666
1.0x1077 -0.045 0.146  1.70 0.11

TRL 1 ox10"¢ 4.51  0.201 1.23 1.12E + 09
1.0x 1075 49.5 0.632  0.39 6.54E + 33
2.5%10°% 0351  0.003 82.6 1.95E + 48
1.0x10°7  0.503 0.006 41.3 1.54F + 34

TR3 1 0x10-¢ 4.8  0.09  2.50 2.53E+20
1.0x10°5  51.7 0.259 0.9 1.27E.+ 86
2.5x10°% 0273 0.016  15.5 4.11E+05
1.0x10°7  0.291  0.066  3.75 5.42

TRS  10x10-° 3.8 0431 057 3117
1.0x 1075 48.8 1.44 0.17 7.52E+ 14
2.5x10°%  0.246 0.028  8.85 183
1.0x107  0.251  0.05  4.20 4.15

TR6 1 0x10°® -1.63  1.35 0.18 0.40
1.0x105  13.2 9.00 0.03 39.0

4 it

CU A SRR b TP X S i o AR5 AL 2R IR
AR TR VIR B R . b 3B A ot T B TR B B Bl A AR A
o 54 0 5 VB RS S-4 ISF 1) 52 A0 Ak AT A A S
FIERE AN L 2 e R B Rk 100 BAE IR
Iy mis 929 LA L R K2 /N T 5% . T3 FE
st 0T UGB R B 2 B YA I TR) R B 4 B
B AT K

(2) /DB ANJE AL SRR AR I S 22 DL
B AAEAE s R 2 AN N T4 RE i 5, EZELUR B
AAFAE . L IEATHLTURIRRL R BG4 vp m) 22 it
AR Eh 455 A WS A HLTUR Bk
(3 b, A HLTURITC R T A R B A ey

(3) T BEAT: it ) A1 5 B W Bt FA g AT S ] H
Freundlich 55l sCRFIA , 1305 4G 4L 11 W fH 1
Se ARG B S W B, WRBE AR ) T O T

SR 1B BT P AR

(4) IR hions SR USEL IR Y ) B D g 22 A 2
A Elovich 77 F, 34 o0 SMIE AL 018 B e 1k JE
52 ThCIVOAE T S0 W T g HOA 78 38 ) 4R i
5 W JZZ T O

Bt AW FCAERFEILRE P, 15 2 1 A Ak
FUE HACAGL I OV 7 B 2 A RS v TR T AT gk 3
WY TR PR 35 By, A 7 I

SE -

C1] EWel, sKAEG T RF A SA A7 i k igC v v g
Feiva s el 1. 4 1, 2001,22(1):76-78.

(2] Rk, wdJR G IREE AL M . 65t 507 B AL,
1999.135-162.

[ 31 Osthols E. Thorium sorption on amorphous silica [ J1. Geochim
Cosmochim Acta, 1995, 59(7):1235-1249.

[4] ChuTW, DuJZ luJR, etal. Adsorption and desorption studies
of radiocesium on Al, O3 from aqueous solutions [J]. J Radioanal
Nucl Chem, 1996, 210:197-202.

[ 5] Murphy R J, Lenhart J J, Honeyman B D. The sorption of Th(IV)
and UCV) to hematite in the presence of natural organic matter [ J].
Colloids Surf A, 1999, 157:47-62.

L 61 Geibert W, Usbeck R. Adsorption of thorium and protactinium onto
different particle types: experimental findings [ J 1. Geochim
Cosmochim Acta, 2004, 68(7): 1489-1501.

[ 71 Reiller P, Casanova F. Influence of addition order and contact time
on thorium (V) retention by hematite in the presence of humic acids
LJ]. Environ Sci Technol, 2005, 39: 1641-1648.

[8] GuoPR, DuanT C» Song X I, et al. Ef a sequential extraction for
the speciation of thorium in soils from Baotou area, Inner Mongolia
LJ]. Talanta, 2007, 71(2): 778-783.

9] #&dili LA & mcRaE N 1385 1T 38 B (0 JUAH OB B AL
RIS SRR, 1989, 1003):2-8.

[10] XuD, Wang X K, Chen C L, et al. Influence of soil humic acid
and fulvic acid on sorption of ThCIV ) on Mx-80 bentonite [ JJ.
Radiochem Acta, 2006, 94: 429-434.

L11] Yin Y J, Impellitteri C As You S J» et al. The importance of organic
matter distribution and extract soil: solution ratio on the desorption of
heavy metals from soils [J]. Sci Total Environ, 2002, 287: 107-
119.

[12] Rudzinski W, Charmas R, Partyka S. Calorimetric study of ion
adsorption at a water/oxides interface. Effects of energetic
heterogeneity of real oxides surfaces [J1. Langmiur, 1991, 7: 354-
357.

[13] Hunter K A; Hawke D J, Choo L K. Equilibrium adsorption of
thorium by metal oxides in marine electrolytes [ J1. Geochim
Cosmochim Acta, 1988, 52: 627-636.

[14] Aharoni C, Sparks D L, Levinson S, et al. Kinetics of soil chemical
reaction: relationship between and empirical equations and diffusion
models [J]. Soil Sci Soc Am J, 1991, 55: 1307-1313.

[15] Sparks D L, Jardine P M. Comparison of kinetic equations to describe
K-Ca exchange in pure and in mixed systems [J]. Soil Sci» 1984,
138: 115-122.

Li6] FKIEHE, B4R, 5K—F 4 Elovich 77 F2 M AL T]. 13k
i, 2000, 31(5):208-212.





