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ABSTRACT soil cm_taminants by dissolution, ion exchange, or

complexation to release contanainant.s ft'ore tile soil to the
Three contaminated bulk sut"face soils were used for solution. Understanding the effect of chemical species in

investigating the effect of solution pH and complexing solution is important in investigating the distribution of
reagents on uraniun_ and thorium desorption, At a low uranium arid thorium between the soil and the solution

solution pH, the major chemical species of uranium and under desorption conditions. In this work, the effects of

thorium, uranyl [UO,ff2], thorium dihydroxide the solution pH and the complexing reagents on the
"Th(OHi,:+2], and thorium hydro.,dde [Th(OHFa], tend to deso_.'ption of uranium and thorium under saturated

::: c:.mplexes with acetates in the solution phase, equilibrium conditionf_ were investigaSed.
which increases the fractions of uranium and thorium

de,.._.t.(,d into this EXPERIMENTAL METHODS_ ,-_ phase. At a high solution pH,
important ur,mium and thoriu,m species such as uranyl

tricarbonate complex [UO,,ICOa)._4I a.nd thorium Three surface soils -- Hazelwood A, I-{azehvood B,
tetrahydro:dde complex lTIr[OH)40] tend to resist and Weldon Spring -- from St. Louis, Missouh, were

complexation with acetates. The presence of complexing sampled, air-chied, and sieved ¢.<2 mm). Soil properties
reagents in solution can release radionuclides such as measured on the prepared material were. pH (1:1 m
uranium and/or thorium f:rom the soil to tile solution by water), cation exch.ange capacity (CEC), 1 amount of

forming soluble complexes. Sodium bicarbonate organic carbon, 2 m_d saturated moisture content, a
,NaH_.O.-,) and di_..th_lenetriaminepcnt'i.ac_.tic acid Concentrations of uranium and thorium were measured

IDTPA:, are strong complex formers that released 38% to by dissolving ur_mium and thorium ft'ore soil into a
"_Ct'

6'_'"_.of t_;tal uranium activity and 78,t: t¢" 86"_ of total solution by..using an acid dissolution procedure. 4 After
thorium activity, respectiv,.@, from the soil samph?s solubilizat:.ion, uranium and thorium were separated on
investigated. Solutions of' 0.1 molar sodium nitrate an anion exchange column. Uniforn_, thin-film, solid

(N:_N():__and 0.1 molar e,,_d:um sulfate !NaoSO4i were not countin,,, samples were th,._n prepared for
effective complex formers with uranium and thorium alpha-st)_<:tron_etrv.. Triplicate mt.a___ur_m(n¢__ t,s....._ c_..
under theexpe_m(mtal conditions. Fractions of ur:mium carried out for the ch_mical and radioactivity analyses.
and thorium desc, rbud by 0.15g/20()m! humic acid ranged The concentr:itions of meta! ions on the surf'ace of s_._il

from .t+6'_'''. ..... and 1.59"_ 'r. , to 6.1 _', ,.) 7.09":.. respectively, p;:u+tic!e_._were me:isured, with inductively couph:_d
This work :it_mgnslr:lt.es the iml)orlance of a kn)_ l(__.t,_ p]asma-4t,,m_c emission st:ectr'm.net_T _I(?P':\I:ESUs

of s,-_iut:()n chen_istE:,' in investigating the dt:sorpti,m ';)[" Inorg:.mic :mi(ms such as fluoride i[;"_, chlcmi,,h:_ ,CI!,

r:_{]ior_uclides, nitr'ate +Ni):/_, t)hosphatc + ,Pi)4 :1_, an[t sulfate ,S()¢ 2 _,'n
soil weru determined by mn chromact_gT:_t?hy.

Concantrati_ms of c:_rbonate _(?0:;:-'_ and bic:._rb,mate,rr ,v • T "'_

IN IRODUt FION i t{(_"();, tn soil ',ver_+. quantitativolv de,(_rrnined by
potentiometry-tc titrution. '_

In cont:m:inatt-_d soils, :':'tdionuclid(:.s such :1,_

ur:l.nluln 3.P,(t/or t:hotn.u.rl: ni:lt, be ass[_t:iau:,d ',v_tn "Aft'er_.:nt A kinut_c stuc:iv w:ts per'formud 1.:):,;<.,:u'chii)r tl_t_

<:h(+.m_c41S[)6'CittSOh SO1] Sl.l.I'_;lC_,_S 0r iIltiid_-f s_,i] g,"liIlS "A;lt}'l o.(!uiiibrium :_mtacting tirn_ fi)r _.htt:,+uh,,:_,tlmmt:-:m.'r:u,d

c:.,ns.equent differences in Iu:._.cht_h,_iitvmci rn()b+litv. }_ttch ,..,xil,+rtm,mts. rh, }-{:_;.tt_t,,v_:_,dB-_,:,_i',v:_s u:+_:,_iin
.,, , + • ,
./)(!'l'lqlC;:l.l :'_VI,_'CiA=!S iii, d:,;lht;IC[",ll "r z,Oltl_.i!_I'!S ._:!i'l !':<lCr ',V:l'.h t.]'l(, ':{lllt_l.lt ' Sl'l.l_i'," [?t,t';ll/,'_' ,'1 1151 !""!:i_I','++iV }]_L!h

r; _ +,,,,',, } _ti"ij_ DIST'FtlF3tJTION OF rn,s OOOUMaN'r,sUNLIMITED+ L ,, , ,



concentrations of uranium and thoriucn compared with Figure 1, indicate that the fractions of uraniun'L and

the other two soil samples. Two contact solutions were thorium desorbed approached a constant value after two

u'_ed m the kinetic stud',,: laboratory distilled deionized days of agitation. The.refore, two days contacting time

water with a pH of 6.1 and a buffer solution with a pH of was used for the subsequent batch exI)erJments. In

6.5. The latter was prepared by diluting a solution of Table 5, the fractions of total uranium and thorium

200 ml of 1.0 molar potassium dihydrogen phosph-'rte activity desorbed by 1 molar NaOAc solutions at different

(Ix_-i,2P(.-)4} plus 55.6 ml of 1.0 molar sc,dium hydroxide solution pi-Is and the related clistribution coeft_cients are
(NaOH) to 4.0 L _,q.th laboratm,'y-distilled deioniaed summarized. Distribution coe_t.'ficients for uranium and

water. The pH of this buffer solution was adjusted with thorium under desorption cond_i'dons were calculated a:_

NaOH and hydrochloric acid (HCl! solutions. In the the ratio ofuranium and/or thorium activities remaining

kin.etic study, 5-g samples ofsoil were each agitated with in soil to that released intc_ the solution. Table 5 shrews

'200 ml of contracting solution for 30 minutes, 2 hours, that desorption of uranium m_d thorium increased by

2 days, and 7 days, respectively. Then the soil and the lowering the pit of the contacting solution. Thereti)re,

:_olution were separated by centrifugation at 2,000 rpm the calculated distribution coefficients ti:n"uranium and
for 30 minutes. Activities ofuranium and thoriurn in the thorSum desorption in an acidic soil solution would be

solution phase were measured by all)ha-spectrometry. 4 decreased. A possible explanation is based on the major
uranium species in a natural water system as predicted

The effect of the solution pH on the uranium and by Langmuir, 7 In a typical groundwater system with a

r,horium desorption under batch extraction was solut, i,.m pH of 4.0, 5.6, and 8.0, the important uranium

investigated by adjusting the solution pH of 1 molar species are uranyl [UO2+'2], uraa_ium carbonate com.plex

sodium acetate(NaOAc) solution to 4.0, 5.6, andS.0. Tb.e IUO2CO3°], and uranyl tricarbonate, c_)mplex
effects of the complexing reagents were investigated IUO (CO),'4],re'_pectiv_'qv 7 Compared toUO,_CO:t°at_.d- 2 aa -' --; --. .
under equilibrium batch extraction with 0.1 molar UO2(C, Oa)3 "4, UO2 +" has a strong tendency to form
: !_:._m nitrate (NaNO3I, 0.1 molar sodium sulfate complexes with acetate with cumulative fi)rmation

(Na2SO4'), 0.1 molar sodium bicarbonate (NaI-tC, O3),
0.15g/200ml humic acid. and 0.1 molar diethylene-

triaminepentaacetic acid !DTPA) with a pI-t of 8.0. TABLE i Physical and Chemieal Properties of Soil
Samples a

., -_ . .._ ..,_ _ '_RESU-LTS AND DISCLI_SION

Saturated
Properties of the experimental soils are listed in Organic Moisture

Table 1. The soils are. moderately alkaline, which Soil CEC, Carbon Content

,:,,r,_,_r_ the presence o¢ fl'ee carbonate l..,'ranium and Sample pH (meq/l(.',0g) (wt _.) (wt %)
thorium concentration rneasurement,_; are summarized in

HWA 8.47 43.59 ,1.28 37,5
'Yal.)le 2. At. both the \Vetdon Spring and Hazelwood I-P,VB 8.35 45.89 5.77 47.0
sites, uranium concentrati,,ms vary ft'ore 0.74 to WE 8.14 69.28 3.80 64.0

12..15 Bq,,(g soil). (_onc_.ntl'atlon,,.; of" thomum-_.,_0 in
Hazelwood soils[].7.09 and _'"68o.,:,.. Bq/',*,..,sL)il)] are much HWA = Hazelwood A', HWB = [-I:,zc,lwo_M B: WS =

.higher than ii1 Weldon Spring soil [0.22 Bcl/(g soil)]. The Weld,:.n Spring.

results of the acid s,)luble elemental analysis listed in

T:d.,!e 3 indi.c:_te rh;it aluminum (.,\1":;}, ferrous iron TAI_LE'2 Uranium and Thorium C'oncentratinnsin

!_e"',, c:dcium t(?a_"_, amt magnesium _Ig+::! art_ Soil Samples a

imp()rlant mt:ata] li)l]S ii1 the ;g()il sLo]utiOll S','St(:rlTIS

:r:vest;g:tted. In [--t;-tzeiwo_)d B s,)il, t.l_e ro<al cc_nc(en.
C _llcantr:itio_l × ]0 .7 [3,!,,,_:,

, ¢ . '){t":_ti_ms ,:t' c_b:dt (.',_ and nickel (Ni_ ',v_r(.- ab(ml ,).) t_)

i,3() tim_->; l;trzer tham t.la_se ft,und in tt'az_;,lwo_:d ;\ and P il.ii,muctide ttV,'..\ H\VB \VS
\Vei,_.iola S[_lqng soils, .,'(_sF.e.ctively. S_)il ct.mct::ntr:lt_t)ns ,._f ..................................................................................................

i_org:mic ::mi(ms as measured by i:.m c}_rom:_tog-r:q)hv art:., Th.22S 3.5,i r. 11.i5 "_,1 : i} 15 (:i.lll : ,).31
• ,N, C)- ) .: ") ] ) ] {),'4 .,.: .:_umm.;_r_;_.ed :n T:abie .1 The Ir. c!_ncel_tratl(_n in WeJd(ivl lh-_,,I) 1.700 z 70 ...... i _,.5

.. "l'h-2'" .... _ : ,_.2:_ q "..5:. ,_ l'.) .'5:;6 : _ 27
Spring _ was :ii)otJ_ "2()t',nms a,tl"g!_,r th:_n ',:hat i})'d.nd in ....17..2:;4 3_i:) : !.-/ •1-1_;:: 15 61 _, t :2:1
Ei::!_:.'.(:,iw(_dsc.,ils, and rh,?. H(:() C¢)ll(;t:l]tr;tti[)ll in \V,:,I& n

• )r i" _" ,)..11 _ II0.I l_i :k .: _1t; .,._.¢ _. I._)
•":;'pr:rig.... sO:l 'x::s 1 5 :ln:_,s '.:ir_::,r.. vi:a.:: ,h::t in Haz:,l\v,.>,:t ,.,......-..."- ""..,_) r. 1.< .1:;:; ::: 15, ,_i)S -. :.':;
S i!5;.

' lt\V.\ = tti_.:,'i',,_,,_lt .\. t{V,'B :: lt:,:_'i,_ .... _t 1_,NN'.<. :



TABLE 3 Elemental Analysb_ of Soils by ICP-AES (average from duplicate measurements)

Soil Sample

I-{azelw;_od A Hazelwoc, d B Weldon Spring

E',emer_t n,o',,"_,so;1 mrnnle/a _nil mglg s,3il, mrnolaig sr_il nig'g soil mrnc_l;.Ut,soil

Ag <0.006 <6 x 10 "_' 0.0].6 ± 0,010 (1.5±0.9)x10 "4 <0.006 <6 x 10"S
AI 7.32 ± 0,50 0.2'71 = 0,019 8,84 ± 0,40 (3,28 ± 0.15) × 10 'I 12.68 = 1.60 0,470 _ 0,059

<0.0C0 <8 × lO 'i 0.14 ±0.01 (1,9 ± 0.1) × 10"3 0.070 __:0.001 (9.3 ± 0.1)x 10.4
Ba 3 88 ± 0.20 (2,83 ± 0,15! x 10 .2 0.75 ± 0,02 (5.5 ± 0.10) x 10"3 0.21 ± 0,00" (1.5 ± 0 i))" × 10 "'_
Be <0.001 < 1 × I0 "'l 0,002 ± 0.00 a (2 ± 0!a × 10.4 <0.001 <1 x 10''l
Ca 8,92 ± 0.04 0,222 ± 0.00t 17,22 ± 0.88 0.430 ± 0.022 12.-18 ± 0.0'2 0.31). ± 0.001

Cd <0,002 <2 _ 10 "'_ 0,00-t ± 0.00 a (4 - 0) a × l0 "f' <0.020 <1,8 × 10 '4
Co 0.06 ± 0.00 _ (1 ± O;a x 10 ''_ 1.98 ± 0.06 (3.26 ± 0.10_ x 10"= 0.012 ± 0.002 (2.0 ±=O.OP x 10.4
Cr 0.02 = 0.00 a t4,0 ± 0.0r" × 10 .4 0.04 ± 0.00 a (8,0 ± 0.0)= x 10 .4 0.02 ± 0,00 a {4.0 a 0.0t a x 10 .4
Cu 0.07 = 0,00 a (1 ± 0)a x 10 ''3 1.34 ± 0.04 0,021 ± 0,00t 0,02 ± 0,00 a (4 ± 0/' x 104
Fe 13,9.1 ± 0,34 0,250 ± 0,006 19.30 _ 0.92 0,346 ± 0,016 19,-t4 ± 0.96 0,348 ± 0.01'7

K 1.0_ ± 0.,:_4 {259 ± 0.10! _. 10 .2 1,39 ± 0.08 (355 ± 0,20) x 10 '2 2,2.t _ 0.!8 (5.73 ± 0,46) × 10"_
Mg 366 ± 0,14 0,151 ± 0.0,)6 10.38 ± 0.48 0.427 ± 0,020 3,68 ± 0.20 0,151. ± 0,008
Mn 0.72 ± 0,02 0,013 ± 0,000 '_ 1.00 ± 0,04 0,018 ± 0,001 0,60 ± 0.00 a 0,011 ± 0,,000 a
Na 0,19 ± 0.03 (8.2 ± 1,4) × 10 :_ 0.22 ± 0.04 (9,4 ± 1.6) × 10 "3 0,16 ± 0.01 (7.0 ± 0.4) x 10 ':_

N" 0,09 ± 0.00 a (1,5:_- 0.0! ax 10 ":_ 2.42=0.10 0.041 ± 0.002 0,026 ± 0,000 a (4,4± 0.0) a;_ 10 "4
Ph 0,14 ± 0.01 t6 8 ± 0.0_a × 10 "4 0.19 ± 0,01 (9,2 £ 0.0) a x 10 .4 0,05 .*.0,01 (2.4 ± 0,0) a × 10 .4
Si) <0.060 <4.90 x I0 "'I <0.060 <4,90 × 10 "4 <0,060 <4.90 x 10 .4
Se <0.060 <7.6 x 10.4 0.082 ± 0.004 (1.0 ± 0.1) x 10.3 <0.060 <7.6 x 10.4
Ti 0.!9 ± 0.0! (4.0 ± 0,2! _ 10 "a 0,26 ± 0,02 (5,4 ± 0.3) x 10 "3 0.16 ± 0,02 (3.4 ± 0.3) x 10"_

V 0.05 __0.00 a (1,0 ± 0,0) _' x 10 .3 0,51 ± 0.02 0.010 ± 0,000 a 0.038 ± 0,002 (7,5 ± 0,0) a × 10 .4
•';, 0,09 = 0,00 _ (ilA ± 0,0) a x 10 ':_ 0,12 ± 0,01 (1,8 ± 0.I) × 10 "a 0,094 ± 0,004 (1.4 ± 0,1) :< 10 "3

a A standard de_natic.m of 0,00 is the re,_ult, _t" rounding.

TABLE ,1 Inorganic Anion Concentration in Soil Samples (average from duplicate measurements)

Soil Sample

Hazelwood A Hazelwood B Weldon Spring

Inorganic ,amir, n pg."g soil pmolelg soil pg/g soil _mole.,g soil _g,,"g soil pmole'g soil

F" 20 _: 0 1.0 _* 0.0 25 _+0 1.3 -*. 0.0 3,,,_'q'_ .*-8 2U," = 0.5

<.... O.0'7C,I 10 _+.t) 0.2S = 0.O0 10 : 0 0.25 -_ 0.00 17.5 : ,-.o 0...19 :

" "_; 2.3 2 10 _ "'" " "-a 1.-12 × L_.) x 104 1.38 xH('(); _._1) x !04 ") '_'- - .._,_ x Ii)'" 3.73 x li) _

N_).,.. 95 __5 3 lT : 0 !" 67.5 _.+2.5 2.2,") : t)._.)_ 125 : () .t.1", .-: _i.UO

P()4 :" l'?() : i_ 1 '.)_): 0 I')tl 155 : .5 1.6:J :. 0.05 210 : S 2.21 :_"ct i)5

:zfi. 2, ].-lT 5 - " :_ _..5.1 .: I).():j :21i5 _."(1 "2.,_;1.: ().()(l.. :;1:-_"t !) .,_':')3. _: i).()0

.i :_'i'_ji,, H.t_LI:.;I,Ip6,!Ii_:llt

m)nst;tnt:_ such ,t:; [.vg _ :2.5:2. [..,)g "_........ l..l(), '<int] ()H t: e m_portant species t)res(,nt ill n:itur:.ll W;lttf.l"

[.<.,_' :' _; ')() _ 'Fh , ..,. :.,; ....... eref_,re, wi_,,r the DI{ ,_T' the ,:unt;lct svstc;ms :n'e expected to be t}'l()r'ilnll dihydr:,xl,,te
"1

..,..i.,_,<.e,'"....... , :_ l<'a',-.r,.,d. '<,<. 1.!). m<:,'?. ,,'_,,._ l'(;.),> "_ can be "rh_OH,.," _ :.t_i :h,>riun_ l'.v,irr)x:tit= TI,,i'tH,+'',,.. i]>r ,t

r+,:,.'l.g(,.,i Lilt,, the .qtllt!tl_Jll i)h;ist: })\, iul-l-l]ill_4 Lt soiubh+ soiuti(Jn with t)[t .1.!);.lhd tht_l'lt.ll]1 Ii,Ir:lhv{li'nXldt. ctJml:)J,+x

;:,m;..i_::: .v_th :ic_71.;ll.,;. T}li- cumulitti;,_ i'{Ji'l'IliltltJl?. 7TIlt()I--IJl'J_ ! .'].ii" si.iltll.l(JlTl.,; Vr'lth _)[t .':, ,g .Hill '4 11 :t lt 'd,':t5

....r, ....i',, ft:,r . ,<, ,,......,., I,<,, Th"; ,.v._th :_v,,!:it.,? _r,., reljoru.,,t a._ ,:<;nctuile_i th,i lt :.}t = _.1). tll!)l'!tJri1 ',v:t:: I'l.::,l t)l'i.'.gi'H( I!l
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became more important, thus ,_iiowing thorium 10

complex-fo!'m;_tion with acetate. It can also be pred.icted 9 _ DIW, pH = 6.1
ti:at, at pit< 3.0, a b.igh fraction of thorium species will 8 _-o---- Bufier, pH = 6.5

be released to the solution phase as £ree Th +4 oz" Th .4- _'- 7
ace rate complexes. ¢_

cA 6
Fractions oi" total s_)il ur;_mium and thorium _'_- 5

activities desorbed by difl_rent complexing agents and _ 4 '
,_

related empiric_ distribution coefficients are surnmarized _ 3
in Table 6. Solutions of 0. Imolar NaNO 3 and 0.1 molar _ 2 _"_-_-_ l_
N:_.)SO 4 were not effective complex formers _dth uranium
an:.] thorium under the experkmental conditions. Sodium 1 .

bicarbonate (NaHCO a) removed about _,,..'-'qc_-_,to o_,,.< of 0 24 48 72 96 ]20 144 168 "192
_n'anium from the soils, and DTPA removed 78% to 86%
of' thorium from the soils. Fr'actions of uranium and Contacting Time, }tour

thorium desorbed by 0.15g/200ml humic acid ranged from

4.62% to 6.1 "c',,_ and 1.59% to 7.09":- respectively. "10

9 _ DIW, pH=61

The distribution of different carbonate species in 8 --_"- Buffer, pH = 6.5
solution is controlled by the solution pH. In a closed "E 7-
batch system, at pH>8.0, the major c_'bonate species in

the carbonate system is CO,.,'2, :1 which acts as a bridging _ 6
_:.':md 'for complexation, l'°'v The structure of the solid 5

4
_,,,,_ b_t.ween UO2 +2 and the carbonate anions shows :_"L"

that the carbonate anions are bidentate. Stability o 3

constants for the I:1, 1:2, and 1:3 complexes reported in _ 2 "

,he literature agree verb, well with the best value for 1 _ :=::======,,,,_,4

Log 131, Log I]2, :u:d Logl] s as 10.0, 17.0, and 21.6, 0 _.__.i , t L_L:L_.,___ , ,. ,
respectively, la In the soi.] solution system, metal ions 0 24 48 72 96 120 144 168 92
adsorbed on the soil surface or bound within soil

aggregates can. he released to the solution phase and Contacting Time, Houx

corot)ere with UO2 +2 to form complexes with CO3 "2. FIGURE 1 Fractions of(ab Total Uranium Activity and
Table 3 shows that, the importm:t acid soluMe metal ions (bi Total Thorium Activity Released into 200 ml of
in the soil samples investigated were A1+3, Fe +2, Ca +2, Contact Solution at Different Contacting Times (DI-W =

and Mg +?'. Because ._d+3 has a strong tendency to form laboratory distilled deionized water; Buffer = potassium

hydroxide c_?mpounds, interactions between A.I+3 and dihydrogen phosphate solutiou with pH adjusted to 6.5)
curb,mates are not import:ant for the system investigated

here, The equilibrium constants listed in Table 7

indicate that Fe +'2"and Mg +2 have stronger tendencies to stable in the solution phase. 15" When complexes between

precipitate with OH" than with C(..-'4 _iheretore, in DTPA and uranium were investigated, it. was re.ported
4-')

th_ soil s,dt,,tien, C'C 2 and fr:._ctions of Fe _2 and Mg - that DTPA is pot, ent:ially c:.q:mble of satist::,,ing the
.._

wii] cornt)ti, te wit.t._ tj ).;'-.: tibr the av;filable C()_2_ ._ species coor::ination number g for the U +'1 sl)e(.,ies in simple... 1 l

in s(:_luu::,n, complexes. The uranyl ion [:(),,*:_' forms complexes with

DTPA w:th a lower stabiliLy 'and sm:file," c_?()rdination

The _),]. m(:_:_r DTPA :;()!uti_m ',vith a D[-t o/" S.() was nun:ber than the I.:+'1 specit-;s !)e(::u._so oi'its geom_!_try an:!

eff(:.c't_ve t:_r,:i_¢s_rb_l:_l ur:mium and :,hor'ium from the :_oil lower effectiv(_ m_t, al ciaarge. The t.)rt,sen, ce of _xygen

_;irp.i)les tit:tie:" t.Il_, _]ven ,_, _t ' . Ions is :1 sl:elqc }llrillF:tnce t() }ligher. .---:l-_,nmen_::lc:::nditions,it{::_s atoms in the (.'().,*_

t:)t_!n rep:srt(?:t that D'FP:_, c::n t':):_-: st',al)!e multide:ntate t,han tndentate_ ch:_,iat:on wid: a sin:.:le li_',md m,:l,._cule. ::;
(::_rn!)[e.xes with r:l,_:tl c:lt:l()Ils with t}:c three an:ino

n:tr,;g:ms :nad five c:_rb _x','l',:t_ :.4rcnaps av::ilabh_ fin" The humic acids ,:()nstitute ::n extrem_dy c,_mpl_x

U,,nrun_:.. ':_ f;, n',pl:_xes. ()fDTPA w_t}: t.}:::_rium :ms ;irl? group ,)f _::_mp:_unds: t,he plu_n_,li,: ::n:t c:,'i>:,xvl:c _.,t,,",n._ps
vr, f:. /;il';'JI]_ t)__:'C:._.tIS_,! l)_h :litr:)g(:'n :_:l:J :)x.yge!: ;lIOmS in LtI'(_. two c:)mm()ll [Ltnctit)n,.d gr:bUlbS. Bec;iu:_e. the,

I)TI".\?:.;_d'rJllhti_,f2tr) t}'l,-,:jl;_FILI/P. I_: ,l:ltJitiol]. _]:e IOI:iC SLI'I.ICI'dF(_ ,bi"}ILIIIllC .IC!:IS IS I'l:)l',V(,Jl(It:,i':rl:_{l.th,:}l'_,is Fit>

F:i:i::•::: :I :h.:.r:Ilr_:. _).,';::::'_, :_; ".,(_r:' _:l]:lil '._,_" ,;:):tl',l:n:tt.i()I: compotlilt.J :li:lt .::itl .ici LIB ,.i tl'!]_? rI'lt::_:l i'()l" :lUl_IItC i|t.'ll.iS.

n,::::::,.:'", .,'h:,"!_:::,:<,_,::,'hl'r]_-['l!:'.x. ..,m:!i.._xcs,:_,r,." ..\Jth_u:::}_'i::,:"..,-:::::]_.mi)t_i>,.,nt_I:_,._l)_i:t',"'.,,"):tln::c



T:YBLE 5 Fraction (%) of Total Uranium and.Total Thorium ActivitiesDesorbed by

I Molar NaOAc Solution with pH Adjusted to 4.0,5,6,and 8.0,and Calculated
CoefftcmntsDistribution . • a

U ran±urn Thorium

Soil Solution
Sample pH % Desorption Kd, ml/g % Desorption. tXt, mlJg

HWA 4.0 55.,1 ± 3.2 32.2 _ 1.9 7.07 - 0.10 526 ± 7
5.6 16.o"'_ _. 1.8 205.4 -z-_22.7 0.081, +_0.00,1 (4.93 _*0.2,1) × 104
8.0 3.53 _.*0.66 1,090 -. 201) 0.04 ± 0.02 (10.0 + 5.0) x 104

ttSVB ,1.0 67.7 _+.8.3 19.1 ± 2.3 23.9 ± 3.1 127 _+17
5.6 43.4 .*_2.7 52.2 .*-3,2 0.83 .*-0.05 (1.21 ± 0.18) x 104
8.0 7.37 _. 1.21 503 _ 83 0.06 .*-0.02 (6.66 ± 2.22) x 104

WS 4.0 37.2 ± 1.i 67.5 _ 2.0 36,9 ± 1.4 68.,i _ 2.6
5.6 19.5 .*.3.4 165 *_29 11.4 :_.2.5 3ll *_68
8.0 5.41 *__0.50 (;_)9 ± 65 3.82 ± 1.33 1,010 ± 350

a It\VA = Hazelwood A; HWB = Hazelwood B; and WS = Weldon Spring.

'r.MILE 6 Fraction (%) of Total Uran_.um and Total Thorium Activities Desorbed by Different
Complexing Agents and Calculated Distribution Coefficients a

Ur_m ium Thorium

Complexing Soil
Agents Samples % Desorption Kd, ml/g % Desorption K d, ml/g

0. lM NaN'O 3 I_VA 2.45 ± 0.05 1,590 ± 40 0.048 ± 0.020 (10.1 ± 4.4) x 104
pH = 8.0 t-DVB 1.91 .*.0.33 2,120 _ ,120 (8.2 _- 1.6) x 10a (5.1 +_1.2) x 105

WS 5.95 ± 1.16 658 ± 134 4.90 .*_3.88 1,320 z 690

0.lM HWA 62.0 = 9.7 26.2 ± 10.0 0.135 ± 0.078 (9.1. _+6.9) x 104

NaHCO 3 Ha,VB 51.9 ± 5.5 38.0 _ 8.4 0.032 ± 0.02.1 (2.0 z 1.0) x 10_;
pH = 8.0 WS 38.0 :__3.2 67.0 ± 7.7 5.13 ± 3.19 1,050 __.520

0. lM 'Na-SO_ HWA 9 1o = 0.23 1 630 * 170 0.05l * 0,035 (1!.6 " 5.6) x 104
pH = 8.i) I-P,VB 6,.i0 _ 5.00 1,080 _*7(10 0.011 = 0.003 /3.80 _*0.9) x 105

...1 o _ _) o .-WS 5.33 .*.0.15 711 :__21 o ,_ 0."" 1,700 _- ,1.10

0.1 NI DTPA Pl%VA 13.0 : 0.6 269 ±. 15 81.9 : 2.5 8.88 ± 1.51
pH = _.0 HSVB 13.0 *_0.3 269 = 7 85.':) = 3.0 6.62 *_1.61

WS $.72 : 1 4.0 432 _*_79 78.1 z 11.._ 12.5 .*_8.6

t).!Sg.,200ml H\V:\ 5.9o =: 0._6 651 = 96 1.59 _ 0.22 2,5:_1) * 3!)0
fIumlc acid HWB 6.17 .*.0.38 61o _*.38 2.29 __0.52 1,g00 :::.t50

pH = g.0 \VS 4.62 ==0.32 _29 : 62 7.!)9 : 1.S.t 558 = 1.37.

:':H\VA = I-fazel'_v,_,:,dA HWB : Ha:__elw,),d B: and WS = Weld,m £pnn,_,:.

,h:::1s. _,.,_ ::,,_mb_n,e 'a'lti_ ,nt,tnL-;, the ll;tttl.r_e I.)l't}he the humic subslance :rod a t)elnizt.etl <t_ll_)i¢i;d p,n't, icie .)f

'ass::,::tti,:,n :s ..;t_il ,,p,.:m ,_ in\'<stla,:.tu_n. Two modes. ,)i" metal hvdr,,)xides p,_ssibly tnr(_ugn_' ..-;i)rt)tll_tl _)I_ thf!

L,..u,,._'.,,,4..... ,_l)p_:u • t,'_t)., si,,-,_,n..,,c*_;",t._t.,betwevm rh(, humic acids surface _d' the particle.. [;',)rlil:tt, i(_[). ,II' ,}llt:e ,)1" ;.il'il)l.ht:'F )I"

.iIlt{ _11i,," ."l-:t!ttllS ! '.]'lr_ [(.'.F.ryl;tE!_')D. _)1" ,:onll_it_,X_a.S ,)F t}l_.-tS{ a. :.tSS(;Cl[tIiOl'lS }}_.-_tx'¢_K:_.n }ltll'flic _lt.'lit::{ :tll(i rlit,_;lls

• .n.,,_ _ ,_I",.':',.ei,_:¢:i !_.-l-,w:,r,l_ "htr _t_.q"':.'I_i .... _1-... _,.i1_!_ hUll_it.: _t(_l)o!_(i:.:, ._.l-i t}_t_ in.irl;II StiltON )i' ,'.h_., }luIl',tc ,IcI(.is .,I_(t

-.;I -" ;F!, " :1:(1 "i'_" :",'_,.'t ii !:'::: .... )a,, 15-:_ _?_I[(:P, !!#*[',V{_'II _'Tl_'_,li:-; lI'l(i '_'1','iI" tills )1111 : tllli !'_'i'll_v,' :._llt;,,r".I:ltlt,l;::



TABI..E 7 Equilibrium Constants between ACI_NOWL.EDM]_]NT
o o . o-, 4. +_. ,_,. . _ -2

Ca ,Mg ,I_e ,and C03
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