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1. Introduction

The management of contaminated territories requires that the migration and fixation mechanisms of
radionuclides in soil are clearly understood. Current understanding suggests that radiocesium is fixed
partly between REC (regular ion exchange complexes) and FES (specific sites in the frayed edges of
clay minerals). Cation exchange processes are used as a model to describe the availability of radionu-
clides in the soil solution . The non-exchangeable fraction is believed to be "fixed" and the exchange-
able fraction available for migration and plant uptake (Cremers et al., 1988; Thiry and Myttenaere,
1993; Andersson and Roed, 1994; Shand et al, 1994). However, this view neglects the presence of hu-
mic substances in the soil by which radionuclides may also become fixed.

Humic substances are defined as a general fraction of naturally occurring, biogenic heterogeneous or-
ganic substances. Based on their solubility in alkali and acid solutions, humic substances are divided
into three major fractions:
(i) Humic acid (HA) fraction: that fraction which is not soluble in water under acid conditions (below

pH2), but becomes soluble at greater pH.
(ii) Fulvic acid (FA) fraction: that fraction which is soluble under all pH conditions,
(iii) Humin: an insoluble fraction which is not soluble in water at any pH values (glossary, Aiken at al.

1985).

It is still not known how humic substances are formed, but it is generally agreed that they originate
from degradation of plant remains and microbial synthesis of new material. A review of mechanisms
by which humification occurs can be found in Hatcher & Spiker, 1988. They group hypotheses for hu-
mification into two contrasting categories. One is the condensation polymerization pathway theory,
which postulates the initial degradation of plant biopolymers to small molecules which then repolym-
erize. The other is the degradative pathway theory which postulates a central core of humic substances,
where increasing degradation leads to a progressive evolution of humin. This then degrades into the
more soluble HA and finally the most soluble fulvic acids representing the most humified fraction of
humic substances. Both theories see humification as a dynamic process with no unique unidirectional
vector. This indicates that the transformation from FA to HA to humin is possible.

The aim of this paper is to show the presence of radiocesium within the HA fraction through a titration
extraction procedure. It is also shown how the alkaline extract might be applied to remove radiocesium
from soil.

2. Materials and methods

In analytical chemistry a titration procedure is applied to determine the amount or concentration of a
substance. The titrant, a solution of known concentration, is added to a solution of unknown concen-
tration until a reaction occurs or is completed. Conductivity and pH value are commonly used parame-
ters to identify the start or completion of the reaction. The required amount of titrant is used as a meas-
ure to determine the unknown concentration.

A titration extraction procedure applied to soil operates in a similar way. An aliquot of soil is sus-
pended in a number of titration extraction solutions of different pH values. After extraction, the liquid
phase is separated from the soil particles through centrifugation and the total amount of extracted ions
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and the final pH value is used as a measure to describe the fixation of extracted ions. The extraction
ratio rext is defined as

_ extraction volume (ml) ...

amount of soil (g)

The total amount of extracted ions also depends on the extraction time, extraction volume and the con-
ditions under which 137Cs has been sorbed (water content in soil, soil batch etc.). In this study, the ex-
traction ratio was 1 ml g-1(50 ml extraction solution on 5 g soil), which is similar to the recommended
extraction ratio used by Tessier et al., (1979) and Rauret et al., (1996). NaOH and HC1 were used as
extraction solutions. The concentration of the NaOH extracts were 1M, 0.5M, 0.25M, ..., 5*10"7M and
for the HC1 extract 12M, 6M, 3M, 1.5M,..., 5*10"6M. After an extraction time of 4 hours the solid
phase was separated from the extract through centrifugation (15 minutes at 4000 rpm) and filtration
through an 0.45 jam filter.

The titration extraction procedure was applied to a silty-clay (based on UK soil classification system)
with 10% Sand (63-2000 jam), 47% Silt (2-63 jam) and 43% Clay (<2 |im), based on hydrogen perox-
ide treated soil (i.e. on an organic-free basis). The organic matter content of 9.32% was determined by
loss-on-ignition at 375 °C. The silty-clay soil was spiked with 137Cs, i.e. 5g of air dried soil was placed
into a beaker and suspended in 20 ml distilled water containing 20 kBq 137Cs. The soil suspension was
air dried for 8 weeks prior to extraction.

3. Results and discussion

The results of the titration extraction are shown in Fig. 1 for silty-clay. About 10-20% of the added
137Cs was found in the 0.25M NaOH extract and about 80-90% in the strong 12M HC1 extract. Only
trace amounts of 137Cs were found between a pH of 1 and 7. This demonstrates the high immobility of

1 1*7

radiocesium over this pH range. The amount of extracted Cs increases above pH of 7, reaching a
maximum at
HA fraction.

maximum at a pH of 12. This increase in the alkaline region suggests the presence of 137Cs within the

Fig. 1. Titration Extraction of a I37Cs spiked silty clay, with an extraction time of 4 hours and an extrac-
tion ratio rM of 10
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This can also be shown through the visible spectroscopy performed on the extracts. Fig. 2. shows the
increased absorbance in the alkaline region. The light absorption of humic substances has been used in
qualitative and quantitative applications and increases with its total carbon content (Schnitzer & Khan,
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1972). Significantly less 137Cs was found in the NaOH extract at concentrations >0.25M and might be
explained through the high NaOH saturation of the extract.

The high molecular weight of humic substances possibly causes rapid saturation of the alkaline extract
and a significant amount of HA is not extracted. To exclude this effect, the same soil was extracted
with an increasing extraction ratio, see Fig. 3. An increasing extraction caused a slight decrease in the
amount of extracted l37Cs for the 0.1M NaOH extract and slight increase for the 12M NaOH extract.

Fig. 3. Impact of extraction ratio rex on the amount of extracted 137Cs for silty clay
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If the alkaline extract is applied to soil as a removal procedure, radiocesium will precipitate with HA
during protonisation. This process can be used to separate a significant amount of radiocesium from
the alkaline extract (Fig.4). To demonstrate this effect 0.1 to 2.0 g of Aldrich HA was placed in 50 ml
centrifugation tubes and dissolved in 40 ml of 0.25 M NaOH solution containing 0.25 kBq ml'1 137Cs
and protonised with 2ml of 12M HCI. The protonised HA fraction was separated from Fulvic Acid
through 15 minutes of centrifugation at 4000 rpm and 10 ml of the Fulvic Acid fraction was used to

1 "XI

determine the amount of precipitated Cs.

Fig. 2. Visible spectrum of extracts Fig. 4. Coprecipitation of Cs during pro-
tonisation of Humic Acid
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The amount of precipitated 137Cs, mcs-137, can be described with

mCS-137=60%(mHAk)0-2

where mHAis the amount of Aldrich HA Sodium Salt (g) and k a constant of 1 g"1. About 60% of 137Cs
precipitate during protonisation of lg Aldrich HA dissolved in 40ml of 0.1 M NaOH.

4. Conclusions

1. A titration extraction procedure was applied to a silty clay which was spiked with 137Cs. At least
20% of spiked 137Cs silty clay was found to be associated with the HA fraction. This shows that HA
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contributes significantly to 137Cs fixation in soil and radiocesium is not only fixed between REC and
FES. About 85% of 137Cs was found in the 12M HC1 extract.

2. The applied titration extraction procedure is useful to investigate the impact of the soil pH on the
radiocesium mobility. Only trace amounts of 137Cs were found between a pH of 1 and 7. This dem-
onstrates the high immobility of radiocesium over this pH range.

3. If the alkaline digestion is applied to soil for the removal of radiocesium then these can be signifi-
cant separated from the extract by protonisation of the extracted HA.
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