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Abstract

There has been a considerable aggregate effect of natural factors on soils contaminated with
radioactive pollution by autopurification. Such factors such as natural decay, vertical
migration of nuclides over the soil profile, as well as cyclic carrying of nuclides from the soil
by vegetation, have been analyzed. The contaminated Belarus Polessie soils, as the result of
the Chernobyl Catastrophe, have shown that during the past 13 years, a 1.5-1.7 fold decrease
of long living radionuclides has taken place in the rooting layer. The qualitative characteristics
of the soil purification process by phytocoenosis have been established, and the effectiveness
and limitations of this method have been demonstrated. The effect of microbiological soil
processes on the radionuclides mobility have been studied and the issues of the migration
process intensification by means of optimal nutrient media have been considered.

Hydroseparation of highly dispersed soil particles with simultaneous consideration of the soil
organic substance contents allows attainment of a purification coefficient of 1.5-2. Further
increase of Cpur leads to irreversible humus substance loss and depriving the soil of its fertility,
in addition the quantity of solid wastes dramatically increases that should be localized. A soil
cut has been carried out on an experimental plot. It has been shown that the effectiveness of
this method is high in comparison with other appropriate methods. However, with time, the
purification rate decreases due to the radionuclides exceeding the bounds of the cutting layer
caused by migration.

Radioactive Contamination of Belarus Soils and Taken Countermeasures

As a result of the Chernobyl Catastrophe great solid masses of Belarus soils were
contaminated by long living radionuclides. About 23% of the Republic territory, and this is
4600 km2, have a density of contamination with Caesium-137 over 37 kBq/m2. On the lands
referred to as the zone of first and foremost settling (137Cs>1840 kBq/m2, 90Sr>lll kBq/m2,
238"240Pu>3.7 kBq/m2) [1], any economic activity connected with soil covering damage is
prohibited by the law. There are different levels of restriction measures on using the fertility
soil layer in other zones with less radioactive contamination density. The imposed restrictions
on using the contaminated lands are stipulated by the complicated radioecological situation,
and this, in its turn, burdens the Republic's economy.

After the Chernobyl Catastrophe, the soil complex turned into a depot where the long living
radionuclides accumulation and stay for long periods. Today the contaminated soil is
functioning as a secondary source delivering radionuclides to different biosphere components.
The soil decontamination activities were performed in the most contaminated localitions for
several years. Methods of contaminated ground removal were mainly used, as well as surface
covering with sand or relatively clean soil. The rehabilitation program of radioactive
contaminated territories was approved by the Government of the Republic of Belarus.

214



Radionuclides in Soil under the Influence of Natural Factors

Vertical migration of radionuclides in soil and their natural decay

The analysis of experimental data and prognosis calculations show that soil autopurification
caused by vertical migration of radionuclides will proceed extremely slow. Though the
migration intensity will change in accordance with peculiarities of a concrete landscape-
geochemical situation, the basic stock of 137Cs in the near decades will still be in the
accumulative soil horizon. Thus, if after 10 years from the Accident the contents of 137Cs in a
centimeter soil layer at the depth of 40 cm was 0.01-0.04 % of the total stock, then in 50 years
it will contain 0.04-0.36 % [2]. The estimated values of effective period of semipurification by
137Cs for soils of the most key plots exceed 20 years. Thus, decrease of the radioactive
contamination level of soils will, first of all, be carried out as a result of natural decay of
caesium-137(TableI).

Table I Decrease of Caesium-137 and Strontium-90 in soil layer (0-5 cm) owing to natural
decay and vertical migration

Radionuclide

caesium -137

strontium-90

Period from the
accident, years

13
50
13
50

Autopurification coefficient

owing to
decay

owing to
migration

1.3 1.2
3.1 3.0
1.3 1.3
3.2 4.0

Total
coefficient

1.56
9.3
1.69
12.8

Migration velocities of caesium -137 vary between 0.1-0.9 cm/year. Even at a maximum
migration velocity, the median caesium activity value will reach the middle plowing horizon
by the end of the century.

Strontium-90 is characterized by a higher migration capacity in soil profile, and respectively
the contribution of the fast migrating component is more considerable (30-50 %). The
strontium-90 migration is carried out mainly by a fast translocation mechanism, as a result it is
observed a more essential radionuclide movement factor as compared with caesium-137. In
separate cases there are plots with high strontium migration velocity over the soil profile.
Autopurification of such plots may be 5-10 times quicker. Such quick strontium-90 migration
can be explained by extremely poor carbonates content in these soils. Today, topsoil layers
contaminated as a result of the Chernobyl Accident, autopurified 1.5-1.7 times at the expense
of natural running processes. In 50 years, as a result of migration and decay, we can expect a
9-13 fold reduction of radionuclide content in contrast to the initial contamination.

Phytocoenosis role in soil autopurification

Phytocoenosis makes its annual contribution hindering the radionuclide migration along the
soil profile. The experimental valuation of radionuclides removed from soil into vegetation
phytomass for the vegetative period of the total content of each nuclide in the soil is from 0.02
to 0.13 % of caesium-137 and from 0.04 to 0.48 % of strontium-90. Assimilation of
strontium-90 by the vegetation exceeds caesium-137 penetration in the above ground part of
the plants by 2-3 times.

215



At the end of the vegetative period, the radionuclides coming into the grassy vegetation almost
completely return to the sod and litter. The analysis of the vegetation mass shows that the
specific activity of caesium-137 and strontium-90 in samples are respectively 5-7 and 15-20
times lower than in the vegetation mass selected at the end of growing. Studying the forms of
radionuclides presence in the soil of the pine forest has shown that the contents of mobile
forms of caesium-137 in the litter-fall are 7-10 times higher than in the soil, and a share of
fixed forms is 5-7 times less. The contents of exchange forms of strontium-90 practically
coincides both in the litter-fall and the soil.

Radionuclides leaving the dying off of phytomass in the process of mineralization replenish
the stock in the topsoil layer, actually compensating the nuclide decrease caused by migration.
As a result of this annual repeated process the topsoil layer is re-stocked with strontium-90
and caesium-137 mainly in mobile forms thus lowering the effectiveness of the soil
autopurification by migration. In prospect to the extent of the radionuclides deepening along
the soil profile, the nuclides carried out by plants will decrease, and the action of this cyclic
process of second contamination will stop only when the nuclides exceed the rooting layer
bounds. This can be expected not earlier than in 50-70 years.

Influence of soil microbes on radionuclides mobility

In the course of studying the biological processes connected with the activity of soil
microorganisms, the density influence of microorganisms populations, participating in the soil
organic substance mineralization, on migration processes in the topsoil layer, have been
recorded. The microorganism numbers of principal ecology-trophic groups and the activity of
enzymes which catalyze transformations of complex organic compounds and redox reactions
in humus-peaty soils are 1.5-3 times higher than in soddy-podzolic ones.

The analysis of radionuclides distribution in humus-peaty soils has demonstrated that in
medium with high microbiology activity the radionuclides migration velocity is substantially
higher than in sterile soils [3]. During a five month test, soil samples with high microbiology
activity had 95% of the strontium-90 concentrated in the top 7-8 cm layer, while in sterile soil
95% of the activity was in the top 0-3 cm layer. Caesium-137 in sterile soil was fully
concentrated in the top 2 cm soil layer. In the soil complex, where the microorganisms life
activity is developed, caesium-137 was almost equally distributed in the 4th layer. Increase in
the radionuclides mobility under natural conditions is stipulated by the organic substance
decay caused by soil microorganisms. Table II shows median values of caesium-137 and
strontium-90 distribution in an ion initial form for sterile and non-sterile humus-peaty soil, as
well as the velocity parameters.

Table II Influence of favorable conditions of microbiological activity on the radionuclides
mobility in humus-peaty soil

Radionuclide

137Cs
90Sr
90Sr

Test period,
days

60
60
150

Median

sterile soil
0.54
0.64
1.13

value, cm

non-sterile soil
1.98
0.70
7.02

Migration velocity, cm/year

sterile soil non-sterile soil
3.2 11.8
3.8 4.2
2.7 17.1
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The velocity of caesium-137 migration along the soil profile occurred to be 3.6 and for
strontium-90, 6.2 times higher under the conditions of soil microorganisms activity. This
means that under favorable conditions (temperature, humidity, rich nutrient media) it is
possible to accelerate the process of soil autopurification from technogenic radionuclides
owing to the accelerated migration to the bottom soil horizons.

Technogenic Methods of Soil Purification

Separation of fine soil particles

The studies of radionuclide distribution on soil particles of different dispersion have shown
that fractions with 1-50 |im dimension have specific activity of 10-100 times greater than
other soil particles, and mass of 5-15% [4]. More of a contrast is observed in sandy soils.
These soil properties were used for its purification by a method of hydroseparation. Fine soil
particles were separated with simultaneous consideration of soil organic substance, weight of
the separated fraction and its activity. The results of hydroseparation purification have shown
that optimally we can attain a purification coefficient of 1.5-2 in separation of silty and clayey
fractions with dimensions of 1-50 |im. Further increase of Cpur caused by separation of greater
fractions leads to irreversible humus substance loss (>50%) and depriving the soil of its
fertility. In addition, the quantity of solid wastes to be localized (>20%) sharply increases.

Soil purification by means of top contaminated layer removal

Multiple data on vertical distribution of technogenic radionuclides in various soil types show
that the principal share of nuclides is kept in the top most layer for a long time. Cutting and
localization of this layer may allow attainment of high purification coefficients. On the
contaminated area of the populated area of Savichi near the settling out zone of Chernobyl
NPP jointly with IPSN removed the top 3 cm soil layer from an area of 2250m2. The removed
contaminated layer (110 m3) was localized on a specially prepared ground. According to the
evaluation made it contained (5-21)108 Bq 137Cs and (3-5)108 Bq 90Sr. This made caesium-
137 85-94 % (CpUr 6.6-16.6) and strontium-90 56-66% (Cpur 2.3-2.9) of the total content of
radionuclides on the decontaminated plot.

It has been shown that by means of this method a great effectiveness is attained even 7 years
after the contamination occurred as compared with other methods of soil purification. For
caesium-137, cerium-144 and plutonium the purification degree will be high for a long time
and can attain the Cpur values of 30 - 60. With time, the purification effectiveness will lower
for quickly migrating nuclides (9CSr, 125Sb) at the expense of radionuclides exceeding the
bounds of the removed layer as a migration result. The thinner the removed layer, the less the
quantity of solid wastes.
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