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Introduction

Transuranic elements in fallout are generally bound in oxide particles, size from sub
micron to several microns. During the fallout they can be intercepted on plant covers or
reach the soil surface. The particles can be resuspended to the air and reach other
residence sites, be linked into the food chain or be redistributed in other ways (Cf
Essington et al. 1976) before eventually being incorporated into the soil. The fate of such
particles in the soil depends on the size and on the nature of the particulate matter and on
environmental factors, the climate and the properties of the soil. In a dry climate the
particles tend to be kept intact long time, (Schulz et al. 1976) and they are more easily
redistributed than in a humid climate with plant covered moist and living soils. In the
former the particles move more easily in the soil profile than in the latter, the particle
matter is very slowly dissolved and the average availability of the deposited nuclides for
plant uptake can be assumed to be comparatively low.

The downward movements of the particles or nuclide compounds bound to small soil
particles are enhanced by the swelling and shrinking of soil caused by absorption and
depletion of water during the season. Cracks and fissures are created and closed several
times a year in soils rich in colloidal material. Sandy soils with coarse material have less
cracks, but in dry conditions the empty pore space may allow transport of fine particles.
The coarser material also has less specific area and sorption capacity. The nuclide
compounds leached with the drainage water in coarse soils should be less retarded than
in clays (Cf. Rai & Seme, 1977; Nishita & Haug, 1979 and Rai et al., 1980.

The lysimeter installation used for the study reported below was primarily designed to
study the plant uptake of transuranics from a number of Swedish soils. However, as such
an installation in many ways well simulate field conditions and at the same time is a
closed system with the drainage water under control, it may be used also for studies on
the leaching of these nuclides through an upper soil layer to a drainage system on
agricultural land. The study on these aspects has been supported by the Swedish
Radiation Protection Institute.

The report below is an extended summary of Eriksson & Fredriksson, (1994).
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Materials and methods

The fact that the lysimeter system is closed leads to some implications for the cultivated
crop with regard to the water resources available. Contrary to the field conditions there
are no connections between the upper soil layers in the lysimeter vessel and a deeper
subsoil layer. The capacity for water storage in the vessel is limited and during the
growing period the plants has no access to water stored in the subsoil layer. This implies
that the installation has to be protected from intense precipitation in the autumn and in
winter after the fill up of the storage capacity, and that the crop has to be irrigated during
the season to cover the water deficit. This difference between experimental conditions
and field conditions has to be considered when drawing on data found in experiments to
assess what may happen in the field.

Filtration of drainage water by ion exchanging resins: The lysimeter vessels were
connected to drainage water collectors by plastic tubes. The collectors had a volume of 5
litres and levelled uneven flows to the capacity of the resin columns holding 100 ml each
of strong Dowex ion exchange resins. The cation resin was from the start saturated with
H+, the anion resin with OH"-ions.) The flow first reached the cation and then the anion
resin column with a pressure of around 20 cm water column. Thus the drainage water
from the lysimeter outlet passed the column with cation resin before the anion resin. The
intention was to intercept particles beside cations in the former. From the latter resin
column the water passed via plastic tubes to plastic containers of the volume 10 litres.
These containers were in due order exchanged during the seasons and brought to the
laboratory for checks of radioactivity in the effluent.

Experiments: The experiments were carried out for nine years. They were four in
number. Two of them, A and D are considered here. A was designed primarily to study
the plant uptake of 238Pu from 8 Swedish soils [Cf Table 1.] and D the crop uptake of
237Np and 241Am from 4 of these soils. Thus in Expt D fewer soils are used, Nos. 1, 4, 5
and 8, but most of the range in soil quality is covered, the intention being to compare
these nuclides with 238Pu with regard to their behaviour in soil and to their uptake by the
crops. The crops were 6 years with clover and 3 years with wheat.

The soils used represented the soil types of important agricultural districts. The soils
were selected to cover the real ranges in the contents of clay, sand and organic matter.
One soil, No 1, was a peat (Table 1). Also the pH-levels and the CEC value, the cation
exchange capacity, varied considerably. While the contaminated top soil layer in the
vessels of Expt A included 8 different soils, the uncontaminated subsoil layer for all was
the same.

To the experimental conditions belong that only transuranic elements in solution were
used for contamination of the topsoil layers. Also it should be noted that the elements
observed to have leached out of the different top layer soil environments had travelled
along a path, which as an average consisted of half the top soil layer and 65 cm subsoil
before reaching the outlet of the vessel.
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Table 1. Physical properties of the soils and dry soil weights per vessel used in the
experiments with transuranic elements at the lysimeter installation

Soil i

No

1
2
3
4
5
6
7
8

.d.

Name

Hh
Fg
Sg
Bb
Kg
Fm
La
Sf

9 Subsoil A-C
10 Subsoil D

pHaq

5.4
5.4
6.1
5.7
5.9
7.3
5.7
7.5

5.7
7.7

CEC,
me/100
gD.M.

57.0
7.0

10.7
13.2
12.4
19.5
16.4
34.1

_
-

Org.
matter,
%

75.4
5.6
5.6
3.9
4.8
5.6
3.1
3.0

0.9
0.8

Min. soil

Clay,%

_

5
8

11
14
15
39
57

4
3

fract.

Silt,%

_

3
6
7

12
10
29
25

3
5

Dry weight
of soil,
kg/vessel

10.5
36.0
49.4
50.3
40.0
43.0
49.1
41.0

130
130

Results

The data obtained for Expts A and D are concentrated in Tables 2 and 3. Table 2 gives
the annual drainage water, the total amounts of Ca and K, g per vessel, and those
fractions of the nuclides deposited in the top soil layer, which were recovered by elution
from the ion exchange resins mounted to filter the drainage water coming from the
lysimeter vessels. Table 3 shows the nuclide fractions intercepted and eluted from the ion
exchange resins per mm leaching water and also calculated per an annual field leaching
of 200 mm precipitation water under middle Swedish conditions.

Table 2 below shows similarities between soils with regard to the amount of drainage
water and Ca and K leached. One exception is Soil 2, poor in mineral nutrients. The
amounts leached are low, which indicate that the different environments of the top soil
layers have exerted a marked influence on the mineral content of the water leached
through the subsoil. The influence of the latter has been less. With regard to the fraction
of 238pu found in the resins, two of the soils deviate clearly. Soil 1, the peat, which gave,
beside the highest plant uptake, also more of plutonium to the drainage water than the
other soils, while Soil 7, a clay, gave much less. In Soil 1 the organic environment has
certainly contributed to a complexation of the nuclide, which made it less fixed to
mineral particles and more plant available and more movable than in the other soils (Cf.
Table 1).

In the experiments the leaching through the subsoil layer may have reduced original
differences with regard to the mineral composition of the leaching water coming from
different top soil environments. However, the nuclide fractions recovered as leached are
generally much larger than the fraction recovered in the crops.
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Table 2. Drainage water, kg per year and vessel, Ca and K, g per lysimeter vessel,
and the nuclide fractions of238Pu deposited in soil, which was recovered by elution
from the ion exchange columns after the experimental periods in Expts A and D

Soil

No

Soil
Soil
SoH
Soil
SoH
Soil
Soil
Soil
Avg

Soil
Soil
Soil
Soil

Soil
Soil
SoH
Soil

1
2
3
4
5
6
7
8

1
4
5
8

1
4
5
8

Drainage

water,
kg/year

6.6 ± 0.9
7.1 ±0.8
5.3 ±2.9
6.8 ±1.7
6.8 ±1.3
4.9 ± 0.6
5.7 ±0.1
6.4 ±1.4
6.2 ±1.5

2.7 ±0.1
2.7 ±0.1
3.8 ±1.3
4.1 ± 1.9

6.0 ± 0.9
3.1 ±1.1
3.0 ± 1.9
2.4 ± 0.2

Total of elements eluted

Ca,g K,g

Expt A with 238Pu
5.36 ±1.39
1.58 ±1.14
3.02 ±0.33
7.26 ± 0.74
6.21 ±2.06
6.09 ±1.92
5.68 ±1.68
6.34 ± 0.59
5.20 ± 2.25

241 Am section
5.72 ±1.24
5.49 ±1.72
6.32 ± 0.77
5.97 ±0.44
237Np section
7.09 ± 0.55
6.16 ±0.88
6.78
6.30 ± 0.01

0.93 ± 0.22
0.75 ± 0.23
1.26 ±0.06
1.75 ±0.27
1.92 ±0.42
1.69 ±0.29
1.84 ±0.65
1.81 ±0.15
1.49 ±0.55

of Expt D
0.65 ± 0.64
0.25 ± 0.02
0.28 ± 0.08
0.31 ±0.11

of Expt D
0.37 ±0.18
0.29 ± 0.04
0.25
0.35 ±0.11

Nuclide fraction

1.30E-03±6.47E-04
1.33E-04±1.07E-04
9.16E-05±4.26E-07
1.46E-04±8.68E-05
2.17E-0411.19E-04
1.66E-04±6.49E-05
4.77E-05 ± 1.50E-05
2.46E-04 ± 2.00E-04
3.09E-04±4.76E-04

3.98E-05±1.80E-05
4.22E-05±1.34E-05
3.42E-05 ± 2.69E-06
3.47E-05 ± 7.08E-06

4.38E-04±5.81E-05
4.61E-04±9.75E-05
2.61E-04
3.92E-04±5.61E-05

Due to the experimental conditions the drainage water collected, Table 2, is only part of
that under open field conditions. The average water collected, 6.2 litres, corresponds to
an excess precipitation of about 35 mm, while the run off in the drainage system under
middle Swedish conditions are around 200 mm.

Direct extrapolation from experiments to open field conditions should be made
cautiously. Nevertheless, the calculations made for Table 3 below gives a hint on the
magnitude of order of the fraction of plutonium which may leach down to agricultural
drainage systems from contaminated surface layers. It suggests an average annual
leaching in a fraction range of 0.00003 - 0.0008, the size depending on the soil qualities.
For a period of 10 years the higher value, obtained for peat soils, approaches 1 %.
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Table 3. Nuclide fractions leached through the soil layer per mm leaching
water in Expts A andD and estimated leaching under field conditions
during a normal year with 200 mm water penetrating the upper soil layers.

Soil

No

Soill
Soil 2
Soil 3
Soil 4
SoH 5
Soil 6
SoH 7
Son 8
Avg.

Soni
Son 4
Son 5
Son 8

soni
son 4
Son 5
Son 8

Nuclide fraction leached

Fraction per mm

ExptA,238Pu
4.09E-06±2.17E-06
3.74E-07 ± 2.93E-07
4.93E-07 ± 2.76E-07
5.13E-07±3.75E-07
5.80E-07 ± 2.32E-07
6.81E-07±3.29E-07
1.64E-07±5.39E-08
7.92E-07±7.27E-07
1.00E-06±1.52E-06

Expt D, 241Am
2.86E-07±1.24E-07
3.00E-07±9.94E-08
1.93E-07±5.37E-08
1.96E-07±8.74E-08
ExptD.t&Np
1.43E-06±2.76E-08
3.05E-06±4.91E-07
1.69E-06
3.20E-06 ± 6.68E-07

through the upper soil layers

Fraction per year and 200 mm

8.19E-0414.35E-04
7.49E-05±5.87E-05
9.87E-05+5.53E-05
1.03E-04±7.51E-05
1.16E-04±4.66E-05
1.36E-04±6.58E-05
3.30E-05 ± 1.O8E-O5
1.58E-04±1.46E-04
2.01E-04 ± 3.04E-04

5.71E-05±2.47E-05
6.00E-05±1.99E-05
3.86E-05±1.05E-05
3.99E-05±1.75E-05

2.87E-04±5.52E-06
6.09E-0419.81E-05
3.38E-04
6.41E-04±1.34E-04

The data obtained for both the americium and the neptunium sections show small
differences between the top son types. There is a difference only between the nuclides.
Neptunium seems to be one magnitude of order more movable in sons than americium is.
Thus, Table 3 shows that the leaching of neptunium from mineral sons is higher than that
of both plutonium and americium. The leaching calculated for plutonium under field
conditions from the organic soil, No 1, however, is larger than any value for neptunium
in Table 3. The range for leaching from the son layers over a decade may be estimated to
0.04 -0.06 % for americium and 0.3 - 0.6 % for neptunium.
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Conclusions

The results obtained in the experiments should be interpreted cautiously with regard to
their bearing on field conditions. Also, the experimental period has been short when
compared with the expected ecological half time of transuranic elements in the
environment. However, the results indicate that over a first decade the leaching to
drainage systems of transuranics in equilibrium with soil environments is of the same
magnitude of order as that of the crop uptake. The ranges assessed for leaching from a
deposit in the plough layer to the drainage system during a decade are for plutonium
0.003 - 0.8 %, for americium 0.04 - 0.06 % and for neptunium 0.3 - 0.6 %. The values
for plutonium and americium are very similar except for the organic soil, No 1, which
held the former nuclide very loosely bound. The leaching of neptunium seems to be ten
times that for the other nuclides. In the experiments it was higher on the sandy soils than
on the organic soil and on the clay soil.
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