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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, distrbution 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 digribution coefficient was over 10*. The adsorption capacity and equilibrium time were related to soil poperties. According to
theresults of adsorption, Freundlich equation ( r >0.916 7) and Elovich equation ( R? 20.8980) 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 intethed. Sequential extraction
procedure was employed to evaluate the bound fractions of exogenous thorium adsotbed on soil samples. Based on the exiracted results of
thorium fractions, exogenous thorium was presented in the labile nonresidual fractions (over 58% ) at the low initial concentration ( 107 =107 ¢
mol* L"), and nonresidual fractions enhanced with the increase of the initial amourt, meanwhile more exogenous throium was transferred to
the stable residual fractions.
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Table 1 Physicochemical properties of soil samples
Th /%
Jmge kg™ ! pHl kg ! J emole kg™ ! < 10 B < 1 tm
TR1 10.6%0 5 7.2 0.93% 35.3 8. 27 373 6.29
TR3 13613 6. 73 0.71% 7.07 5. 47 330 7.42
TR4 63.6%25 6. 52 0.95% 6.76 2. 56 200 4.48
TRS 18.0f06 7. 0.56% 17.6 4. 35 26 8 6.32
TR6 8.4610 69 7. 18 0.70% 19.8 4. 8 14 9 3.48
(TR1 TR3 TR4 TR5 (F1+ F2)
TRG) 1.0g 50 mL PE , (F3)
, (F4) (F5) .
; pH pH . , ICRMS
20 mL. , .
0( ) 2.5%x10° 1. 0 107 10°
1.0x1077 1.0x10°° 1.0% 10"  mol*L . 10 *mol* L' 3
(20%2) C,  30r*min ' \ 2 , TR4 TR5
2 471529 43h 6
2 L PET . 3
.ICRMS . , 2
. PE 2.1
, Th
[4] [6]
,
0.01 mol*L” " CaCL 20 nil., pH . Th
pH ., 30 r*min ' ) 90% \
. . , Th
ICR-MS . 2.
1.3 , Th ,
MartinezAguirre 1 Th ,
. Th . , Th
TR4 TR5 1.0 ,
g, (fml) L 15 1515 L10 I 15 i ,

1 mol*L™ ' NaAc(pH= 5.0) 0. 1mol*L™' Na:P20s _
(pH=,9.8) , Tamn’ s acid oxalate , Coffin , .Th 0,
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a(n=3
Table 2 Concentration and adsorption capacity of Th at the different adsorption time ( n= 3)
TR1 TR3 TR4 TR5 TR6
o
/l’] /mol. L_ 1 /ng Cl q[ Cl ql cl ql cl ql C[ [1[
/Mg I~ 1 /mg kg 1 /Mg L1 /mge kg~ ! /Mg L-1 /mgrkg- ! /Mg I~ ! /mgr kg~ 1 /Hg*L- 1 /mge kg !
2.5% 1078 0. 368 6.56 0.243 0. 69 0.354 Q17 Q 359 4.61 0.280 525 0.263
1.0x 1077 0. 551 2.6 0.085 1.85 0. 505 L 14 Q529 1.5 0.326 13. 0 0.291
2 1.0x 10°¢ 5.510 51.0 4.65 45.3 4.95 1. 56 53 67.0 4.04 291 —
1.0x 1075 55. 100 1% 0.4 147 51.9 347 533 223 4.6 1822 18.7
2.5% 1078 0. 368 5.64 0.258 0.41 0.358 Q0 Q 359 3.63 0.294 403 0.2
1.0x 1077 0. 551 19.6 0. 149 1.13 0. 505 Q0 Q 529 7.04 0.397 10. 3 0.338
4 1.0x 10-¢ 5.510 2.6 4.76 18.4 4.95 118 53 37.1 4.54 264 0. 162
1.0x 1073 55. 100 147 51.9 96. 6 51.9 374 533 8.2 51.0 1305 271.7
2.5x 1078 0. 368 4.90 0.269 0.44 0.359 Q06 Q 359 2.52 0.308 277 0.303
1.0x 1077 0. 551 8.5 0.213 1.09 0. 505 107 Q 529 5.33 0.419 920 0.355
7 1.0x 10~ © 5.510 2.8 4.93 10.3 5.07 L 9 53 2.0 4.72 24 0.762
1.0x 1077 55. 100 111 51.8 95.6 51.9 320 533 8.0 51.9 1237 28.7
2.5x 1078 0. 368 2.99 0.289 0.55 0. 360 Q19 Q358 1.70 0.324 Q78 0.328
1.0x 10-7 0. 551 3.8 0.313 0. 66 0.511 116 Q 528 2.30 0.463 352 0.426
15 1.0x 107 ¢ 5.510 8. 80 5.04 2.70 5.15 2 41 53 9. 60 4.93 7.2 2.62
1.0x 1073 55. 100 107.3 2.2 51.3 52.4 40 532 7.7 5.5 382 30.4
2.5% 1078 0. 368 1.10 0.307 0.16 0.359 a1 Q 359 0. 68 0.326 Q20 0.335
1.0x 1077 0. 551 1.55 0. 489 0. 60 0.513 Q35 Q 526 0.98 0. 465 115 0. 443
29 1.0x 10-¢ 5.510 30.2 4.89 3.36 5.15 30 531 8.12 4.93 43. 4 2.94
1.0x 1073 55. 100 115 2.0 53.0 52.4 470 533 .3 2.5 55.7 9.7
2.5x 10" 8 0. 368 0.330 0.308 0. 69 0.356 QR Q 359 0.39 0.327 Q 80 0.330
1.0x 1077 0. 551 1.50 0.280 0.73 0.510 212 Q 522 1.15 0. 466 127 0.439
8 1.0x 1076 5.510 2.5 4.96 2.94 515 3% 52 9.37 492 2.4 3.17
1.0x 1073 55. 100 109 2.4 13.2 52.6 707 532 78.8 5.5 143 0.0
-1
Th 0.1HeL”', Th Teq
Ka R 3.
q ’ (
) ) Ka 9% , , R
~1 -1 4
(Lkg ') = (mgrkg ")/ 10
—1.[9]
(mgeL ) . R Th , ,
[ 10]
, R= [(co— ceq)/co] x100%" ( 1, ( 3).
> Co Ce 2 2
3 T, K, R (n= 3
Table 3 Equilibrum time, digribution coefficient and ratio of Th adsorption on soil s in the different initial concentration(n= 3)
/ mol*L~!
2.5% 1078 1L 0x10°7 1.0x 10°° 1.0x 10°3
To/h 43 29 15 7
TR1 Kyl kg ! 933 315 573 675
R/ % 94 3 9.0 96 2 9.2
Tofh 4 15 7 4
TR3 Kyl kg ! 873 774 492 537
R/ % 92 9 97.1 95 6 9.8
T,/h 4 4 2 2
TR4 K/l kg ! 7180 10 580 3410 15350
R/ % 99 1 0.8 99 3 0.8
To/h 43 29 15 15
TR5 KL kg ! 838 474 513 732
R/ % 932 9.8 95 7 9.9
T fh 29 29 43 29
TR6 Kyl kg ! 1675 385 255 766
Rl % 96 6 9.0 94 6 97.6
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. ( DIFI~ F4) (F1
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TRS

Fl~ F3

4

D (n= 6)/me !

Table 4 Distribution of fractions of exogenous Th adsorbed on soil samples( n= 6)/ mg* kg™ !

Fl+ F2 F3 F4 F5 Q  (Fl+ F2/ Q% Y. (FI~F3/ Q% D, (Fl~F4H/Q/%
AZAl 051 0. 8 — 0.59 96.4 96 4 111
A3Al 165 250 0. 50 0.28 5.32 31.0 87 4 92.7
A4Al 918 145 7.30 2.26 53.3 17.2 581 62.3
B2 Bl 003 03 0. 8 0.02 0.465 6.45 90 3 107
B3 BI 035 230 0. 10 0.09 4.93 7.10 558 57.6
B4 BI 412 954 1. 70 0.15 52.5 7.85 292 29.5
A B TR4 TRS ;123 4 0 1007 10° 10 ‘molL-!
3.3 Langmuir
, Th( IV) 3 ,
1 .
- Freundlich (lgg= K +
2
(b)
o
TR3
r=0.9658
k=0.622
L p=09137
_
o0
2
0L
[e]
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Fig.3  Simuhtion of themmodynamic isotherm,of Th adsorption onsoi
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Table 4 Correlation coefficients and sandard errors of the kinetic model of Th adsorption on soil
co Elovich
Jmol 17! R?2 SE R2 SE R2 SE
2.5% 10~ 8 09875 0. 000 1 0.987 2 00005 0. 9247 0. 002
1.0x 10" 7 0933 0. (05 0.990 7 0.013 0. 944 0. 0004
TRI 1.0x 10-° 0989 0. 002 0.969 1 0.000 1 0.9194 0. 005
L 0x 1073 09897 0. 016 0.99 6 0.006 0. 983 0. 002
2.5% 10~ 8 08980 0. 0001 0.8970 0 000 1 0.7433 0.000 1
1.0x 10" 7 09178 0. 0001 0.917 6 0000 1 0.9403 0.000 1
TR3 1.0x 10~ 6 0 998 8 0. 0001 0.99 2 0 000 1 0.9741 0.000 3
1 0x 10" 5 0 9% 4 0. 0005 0.99% 7 0000 1 0.9777 0.003
2.5% 10- 8 09140 0. 000 1 0.909 2 0052 0.7538 0. 000 4
1.0x 10-7 09437 0. 0004 0.911 9 0 004 0.8443 0.001 0
TRS 1.0x 10-6 0904 2 0. 28 0.8%2 4 0 002 0.7696 0. 067
1 0x 10" 5 09350 0. 207 0.930 4 0000 1 0.8105 0. 603
2.5% 10- 8 09710 0. 0001 0.963 1 0 001 0.8645 0. 000 4
1.0x 10-7 09649 0. 0004 0.961 5 0 003 0.8993 0.001
TR6 1.0x 10- 6 09128 0. 492 0.794 8 101 0.8114 1.06
L 0x 1073 0958 4.2 0.92 4 0 025 0.8874 10.5
Elovich , K. 0 ,
2 b
2
2 b
Th( V) : ,
2
1 .
" Elovich , k , k
dab
be" ", B= RT/b, (0) , ,
[16]
2 ( Eﬂ) M 9
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Table 5 Ketic paraneters of adsorption process of Th on il [J]. , 2001, 22(1):76-78.
cy Elovich (21 ’ : [M]. ; ’
/mol* L~ ! a b Bx 104 k 1999 BS16.
2 5% 10-° 022 0 0m2 113 666 [ 3] Othols E. Thorum sorption on amorphous silica [ J]. Geochim
LOX 10-7 — 0045 0 146 170 011 Cosmochim Acta, 195, 59(7) : 1235-1249.
TR1 1 0% 10-6 451 0 21 193 | DE+ ® [ 4] ChuT W, DuJZ, LuJR, & . Adsomption and desorption studies
s of radiocesium on Al;03 from aqueous solutions [J]. J Radioanal
1 0x 10 495 Q0 632 Q39 6 ME+ 33
— Nucl Chem, 1996, 210: 197202
2 5% 10 0 351 Q 003 826 L 95E+ 48 .
1 0% 107 0 50 0 006 413 | SE+ % [ 5] Mumphy R J, Lenhat JJ, Honeyman B D. The sorption of Th(IV)
TR3 L 0x 10-6 488 0 99 5 50 5 S3Es 2 and U('V) to hematite in the presence of natural organic matter [ J].
Colloids Surf A, 1999, 157: 4762.
10x107° 517 029 0 96 L 278+ 8 [ 6] Geibert W, Usheck R. Adsorption of thorum and protactinium onto
25% 107" 0273 0016 135 4 1E+ & different particle types: experimental findings [ J]. Geochim
hs : 0x ‘O:Z 0291 0066 375 32 Cosmochim Acta, 2004, 68(7): 14891501
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