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Development of hybrid wet type chemical decontamination technology of
radioactively contaminated soil and water using ozone and cations
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0zone (03) can increase the hydrophilicity of Cs(l%, Sr(11), and clay
minerals. Then, the swelling phenomena of interlayer spaces of clay minerals including frayed edge
sites to adsorb Cs(l) and Sr(ll) are caused and cation exchange reactions between Cs(l) (or Sr(ll))
and other metal ions become easier. In addition to the decontamination mechanism described above, 03
can decompose the functional groups of humic substances in soil (ex. Andosol) to produce formic
acid, oxalic acid, etc., which can form complexes with Cs(l) or Sr(ll). The produced complexes can
dissolve and stably exist in an aqueous solution. Furthermore, there is also a decontamination
mechanism caused by changes in the hydration environment of functional groups on humic substances in
an aqueous solution including dissolved 03. By repeating this decontamination process combined with
03 and metal ions (K, Mg, Ca) at least three times, it was found that Cs(l) and Sr(Il) on soil can
be almost completely removed from soil.
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Fig. 4 Adsorption-desorption behavior of alkali metal ions and alkaline-earth metal ions on seil and
humic acid at 298 K. Ozone partial pressure = 6.3 x 10" kPa. Gas flow rate = 250 ml/min. Stirring

speed = 150 rpm. Metal ion = 1.0 x 10 M, Dilution factor =
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Fig. 8 Effect of formic acid and oxalic acid on desorption
reaction of Csi{l) and Srill} on soil. (A). Sodium formate, (E):
Sodium oxalate, {(C) Control. Temp. = 298 K. [CsCl); =
[SrCl), = 1.0 = 10% M. [Sedium formate]. =
oxalate]; = 1.0 = 10" M. Seil=3.0g.
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Fig. 5 Adsocrption-desorption behavior of Cs
and Sr on soil or humic acid using O, at 298 K.
Q: Cs/ Soil, @: Cs / Soil / O4, O: Sr/ Soil, W:
Sr/ Soil / Oy, A Cs / Humic acid, &: Cs /
Humic acid, %7 Sr/ Humic acid, ¥: Sr / Humic

Fig. & Distribution diagram of Cs{l] species as a
function of pH at 298 K. The tentative stabilty
constants between Cs* and HCOOH and (COOH),
were obtained by using an UV-vis spectroscapy. The
acid dissociation constants of HCOOH and (COOH),
were refered from the reference data in
Bunsekibinran VI, p. 825. (a): Cs*, (b): HCOOCSs,
(€): CSC,0," lonic strength (1) = {3.4-8.7) x 10 M
for HCOOH sys. and (2.8-32) x 10+ M for (COOH),
sys.. The pk, values of HCOOH and (COOH), were
determined in MaNO, and NaClO,, respectively.
[HCOOH]; = [(COOHL); = 1.0 10" M.

Fig. 7 Distribution diagram of Sr(ll) species as a
funetion of pH at 288 K. The stabliity constants
between Sr2* and HCOOH and (COOH), were cited
from the reference data in Kagakubinran Kisohen V.,
pp. 11-340, 349, 350. The acid disscciation constants
of HCOOH and (COOH). were referred from the
reference data in Bunsekibinran VI, p. 625. (a): Sr,
(b): HCOOSI*, (c): srHCOO), (d): SrC,0,
{e): SrCOOH-COO),. lonic strength (1) = 2.0 M for
HGOOH sys. and 0.1 M for ([COOH), sys.. The pK,
values of HCOOH and (COOH), were determined in
NaNO, and NaCIO., respectively. [HCOOH], =
[{COOHR]r = 1.0 % 10% M
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Table 1 The Daphnia magna acute immobilization test of contaminated water produced from
decontamination of soil and humic acid using ozone.

Condition Number Damaged number Water quality measurement
Exposure | Exposure Before test After test
time time
(24 1’1) (48 h) pH DO EC Temp. pH DO EC Temp.
(mg/L) (mg/L)
Control 20 0 2 8.0 9.8 655 | 20.7 8.2 9.5 665 | 21.9
Humic acid 20 0 1 8.8 9.8 113 | 20.5 8.8 9.4 118 | 21.5
Humic acid / Cs, Sr 20 0 10 8.4 9.8 113 | 20.8 8.7 9.5 117 | 214
Humic acid / Cs, Sr/ 20 0 0 8.1 9.6 320 | 20.6 8.4 8.8 322 | 215
O3

Humic / Cs, Sr/ K, 20 20 20 6.8 9.8 458 | 20.8 6.7 9.3 452 | 21.0

Mg, Ca/0; X X

10* 10*
Humic / Cs, Sr/K, 20 0 3 8.6 9.9 37.9 | 20.6 8.3 9.3 484 | 21.2
Mg, Ca/ Os
(Desalination)

Control 20 0 0 7.9 103 | 673 | 20.1 7.6 10.1 672 19.9
Soil 20 0 0 8.7 102 | 17.1 | 20.2 8.4 10.0 | 36.7 | 20.2
Soil / Cs, Sr 20 0 0 8.6 103 | 222 | 20.2 8.5 10.0 | 35.1 | 20.1
Soil / Cs, Sr/ O; 20 0 0 8.2 10.2 | 934 | 20.2 8.2 9.8 110 | 20.2
Soil / Cs, Sr /K, 20 20 20 6.8 102 | 4.63 | 20.0 6.9 10.0 | 450 | 20.1

Mg, Ca/ Os X X

10* 10*
Soil / Cs, Sr/ K, 20 0 5 8.2 10.1 | 50.2 | 20.6 8.1 9.6 633 | 21.6
Mg, Ca/ Os
(Desalination)
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