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Abstract— Sorption characteristics of “Co, *Sr and ’Cs onto sandy soil are studied experimentally. Sorption kinetics
and distribution coefficients at a quasi-equilibrium are investigated. Sorption strength among 3 species is explained with
sorption mechanism and surface complexation concept. A sequential chemical extraction method is introduced to find out
sorption modes and reversibility. Chosen reagents for extraction are groundwater, CaCl,, KCl, and KTOX(K,C,0,+NH,-
OH-HCI). Considered sorption types are reversible sorption in a groundwater condition, ion exchange, association with fer-
ro-maganese oxides, and irreversible fixation. Strontium sorbed onto the sandy soil surface mainly by fast and reversible
ion exchange reaction. However, cobalt and cesium ions do not sorb by a simple process. In the case of cobalt, three
kinds of sorption types were occurred competitively among ion exchange, association with ferro-manganese oxides and ir-
reversible fixation. The main sorptive binding of cesium was ion exchange reaction, while irreversible fixation was the
secondary importance. The order of migration mobility for the three radionuclides was *Sr>*Co>"Cs in the sandy soil.
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Table 1. Chemical composition of the sandy soil

Component SiO, ALO; Fe,0; FeO K,0 Na0O MnO, MgO
% 7393 11.34 380 112 047 172 0.05 0.88
Component CaO TiO, P,0; H,0
% 343 023 0.06 3.35

Table 2. Mineral composition of the sandy soil by XRD and mi-
croscope

Main

quartz>plagioclase

Minor

k-feldspar>chlorite (Fe rich)

HEtZst MH35A H4E 19974 89
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Table 3. Composition of the synthetic groundwater

K Na* Mg? 7 ar

084 86 19 20 15.2

S0,”*
6.2

Component
mg/l

HCO,~
6.2

acid)®] 9F& 100g% 15 mgCHith. F5-8 0.321, BETH| X W4
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Fig. 1. Changes of concentration and K, with time onto sandy soil.
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209 sl e FuASE U3l Wikl 2l 3L 9
A T AR o] A 5 QIt} 9] RAlE 2] 20471
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dofhs Aot} gl e viATF& 53 4] S
AR Ag3he =3 A o2 AT 5 USHS) Al F F o] A
< JH FEEH BFE Ao] I EQLM, o]& Co 9} o]2utA
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35 AR oA F2A vk asle] A7) w2 g AR

FAAY S 5 o)A APl FEuste AgE e o)
o gt AL Frixlolct. AR v R-22] Fito] Al o]
e 4[5, 6151, FRHAZ vl e] F3lol] whE S350 W)
Falolghz sllAolc}(3, 9]). UMl A vl A& W Huk-g-}E]
o =3e] o} = FYol = of o] FEsir} A "t 1
A} Xl E-e B9 Y& F3atgo] AA3] deid 7}
0] la, FEpl defvt dAFEe] o|AFER niH Uuky
22 $3%0] ZFRI). 28 B o]t A5EoA] Fale) E3}
ahgo] ol duh 3 vl Golof i, AsheiA A3
o] HAsla whgo] Eghdo]ol ] gfete] oY) welA, AP ES
ojatez & AYelA AP 2dahe AL SAsHE AL

3k ojulof| A Brlsel 7t eld SRS A dE e
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4001 77k7] slodct. o] gk UFAA =9 AZHEet ¥ 3E I
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olu] FulAl4=gh-& Table 4] A E)31Sir}. Table 40l FulAl53)
2] HF Y FRAAE L 274 Y3 A A ARE £
Aze)gt Aot} Al #E v FFHAa) Z H ), o]& APA}
7Hg8l Zhrtel 889 Fxrt FARSE FulASgte] 2zl
Waly] witolct. H|E FulAlgs wzdshAl walelels $3tekq
[MCigDe 713 8T Aol M Wslr) plwlsle}. a8l a2 K& 9ad-e
EAGA7L Bl 22eA] Fobdt £ 9de T2 Hxrt o)

e E AP AT HERulASE ol S KA,

Table 4. Distribution coefficients for “Co, *Sr & “'Cs on the san-

dy soil
®Sr “Co ¥1cs
[T ' i c n G
K/ml/g) 49 22 103 37 2224 528
R (ml/g)’ 58 198 2353

Y u: Mean of K, values.
2 o : Standard deviation of the K, values.
® R,: distribution coefficient in desorption step.

A kel wE Fedish} fite(q) Wk 28 A%E 1T
A RS E AL & 7HX] AP ARE AA ) Fig. 16 At
Fig. 1014 7174 we] 719 8e| Ed3he AL Srolx, t-8-2.2 Co
9} Cs7} A= n)5=3k 50|t}

w, g3 FejASghe vlzs) B, Cs>Co>Sre] Afo]rh.
HE2H 2 Katel AolS vehlle 292, A2t 3135 o2
S2uEgAd 9] spol, A3k Fo| o] LEH] FAAAA, FE| wt
2 yhg ey Solu}3]. of7]ol diF FAA L WE-E o2H A
F2 2 AA T, o) 57 FAAAA | &l b AR}
Table 39] A)3}p2A oA & 4= 9150, A 3lells Ca™ Mg” 5
2] ofo]&Eo] AhH o g FR3] EASlE, AL EE A5l
A7) dulAd DA NA o] Bo] HA AP ERH S gl
2F R EZEL o] 5 FAUNS F3 A A3 F
oFol 257k atukge) AAS-9AS Hrlslr] 7 A2 7t
FEFHAEES o] 2% 5 9} Yo E o] 2wihe] AulHql
Agyog 22 o, SAGANLE TR 270 vl F
t}. RS =) Co>Mg™>Ca”>Sriee|cH10]. Al
St Ca”E A X8 Esh} Cos Ca"E XY 4 gl Fig.
13} Table 49] A Ao A, Sr'2e] 7 Aulgaie] Al o2 zfo}
Al Sr¢] K7} Co™9) K, Hv} 2ttkw sjA & <= 9ot Al g A
£ BAd B, o] & FAHoE & § 9l

3-2. =X HSFEEUE AEE TAWPIUE M

< Zo] 711 Z(sorption mechanism)g- B7}3}7] $& ¢Ab4 sat
%% A¥A7E Table 5 ¥ Fig. 20 Ac}. 2=E 2 I8
FAu7hyZe] Ho)rt sl Ase2 DAL o, 27] 3
Folel Bre] Do) dojum 7 olFelle A2 dofidA] sk
t}. 400 A HF, Sr& 25%, Cow 9%, Cs 1% $F2 2 @454
€, ol Azt 794, e fER A7|9] A=
vtebdich. & Sakge] AP L AskeRANA Cs>Co>Sr wo]
o} Table 4oll4], X|5}52 DA SARUASRF 52 E A5
(Ko 2ep Al 9F 55 23 3ot e} Ry KReh 84 =0,
o] Alxdlo] &3te] A dofiix] o= W7t Al o] 7S vl 1,
W2 R4 Kato] A2 28 5012, o] Ale 7IgA-de v

Table 5. Percentage of the desorbed for each sequential extraction

step
Extraction . Partitioning of the desorbed(%)
Sorption type
reagent s5g, 9Co 30
Groundwater Reversible in SGW 25.6 9.2 0.8
CaCl, Ton exchange 61.0 27.6 8.0
KCl Ton exchange 12.8 17.6 53.7
KTOX Association with ferro- 0.1 21.8 9.2
manganese oxide
Remains Irreversible fixation 0.5 23.8 28.3
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Fig. 2. Remaining sorbed amount of 3 radionuclides for each ex-
traction step.
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ol M3k $Fe vIAR] 24, o] Afelile EFLNZ AL
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o] Agolxe du} wbaks}ETbel] 7H-S 814 kAT, Means
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3L, Al 2 ohgo2 Ajo) Atk b X Ahge
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WEN7E 2AFE AL 37|14 FA7AH Aol 23 Aghe
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4 ek 2 thgdal B Sr7 Ca”, Mg” Zo] ofshi] ftshe
ol 2Eo] Rolv, FRHATE sHA] Fatx AA/NA 3 J3gFe
et &, B3olA Ak dFEL o Fol SAske 2SR
o} A3He] oFaiA s 2Aot 27w sl| RIzteA ukgg
o} ol24 Sr’e] Co” B} $xukg-#o] ofstw FulAlSgke] A}
o gA s e o] Ayl

Alge AskezAol ] A &atslx] ¢k, CaCLE SRAZL
YT 82 = 2] Al AF F £aAgHe) P A Ao o
et 19 KCIZ 2371 & d), $2bg] o] 50 %o)Ate] @its]
e, ole K7 Cs'¢) 22 dge|F4fax 72 Al &
Absl Cs'g Al X|8A17]7] wjFolc}. Oscarsond Alfro] HE9)
A7l F2 A€y Bghed|[14], K'e 3hbAe] 254
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A" A o2 Satsie], o] 73 EHAFNLEE shRl ofoloz
W2 7Fstet A3 T2E 2R W kaolinite e HEFEol| go)
ZAsEE 2-14eA AFPHZ chloriteF-ZU) 1:18 HAlo
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ek A DAA] AR EHANA dFE2] file] JHog
wE &5 dojun, B4 DAl Ay 33¢ §3 #45%
Aol £EARFIAZ 2Hg8te] Wi S3te] =eA] dojytet. Al ¥
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Axgol] Ao may sl o] uE-S 3sict. 1
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PSS o] ¥ A, Cov wiA A A FEL A o] FA
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