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Abstract. Although some radioecological studies have been accomplished in Brazilian soils supplying
useful information to optimization of emergency planning actions in rural areas and to the management
of soils contaminated by 137Cs, 60Co and 90Sr, few studies were made with transuranic elements in
tropical agricultural areas. The different scenarios found in Brazilian agricultural environments enhance the
importance of studying the biogeochemical behavior of radionuclides in representative soils. The objective
of this work was to determine the mobility of 241Am in 3 different Brazilian agricultural soils evaluating
migration with depth and Kd values for 241Am and the effect of organic amendments on this behavior.
A strong effect of organic amendments on mobility of americium could be observed. The values of Kd
obtained in all studied tropical soils were however smaller than those found in European soils and from those
recommended by IAEA to be used as default values in the absence of regional data. This result reinforces
the vulnerability of some tropical soils to a contamination, emphasizing the need to use of regional values.

1. INTRODUCTION

Many studies radioecological concerning transport and the distribution of radionuclides in soil have
been developed in Europe after the Chernobyl accident e.g. [1–6] improving the understanding on the
behavior of radionuclides in agricultural ecosystems in the long term. Although the soil can act as
physical and geochemical barrier for the retention of deposited radionuclides, changes in its physical–
chemical conditions due to agricultural practices, land use, or simply natural edapho-climatic evolution,
can modify the fate of the radionuclides, favoring their desorption and release to the soil solution or
changing their geochemical partitioning. Once released into soil solution, radionuclides can be available
for root uptake or for migration to deeper layers into soils profiles. In soils of temperate climate with high
soil organic matter content, large mobility of the radionuclides was observed, turning them available for
root uptake for a longer period when compared with the strong retention made by clay minerals [1].
Deposited radionuclides on soils are generally fixed by adsorption on reactive sites on clay mineral soil
particles, or by ion exchange and precipitation as hydroxide or sulfide, but also by complex formation
with organic compounds [7]. Several studies recognize that among parameters affecting the behavior
of the radionuclides, organic substances are very important in determining the fate of radionuclides in
soil/plant system. It is known that, due to the high acidities and relatively low molecular weights of
fulvic acids, metal ions associated with fulvic acids are more soluble than those with humic acids [8].
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Transuranic elements and fission products are relevant nuclides in the context of waste management.
Although some radioecological studies have been accomplished in Brazilian soils supplying useful
information to optimization of emergency planning actions in rural areas and to the management of
soils mainly contaminated by 137Cs, 60Co and 90Sr e.g. [9–11], few studies were made with transuranic
elements in tropical agricultural areas. The objective of this work was to investigate the effects of organic
substances on the mobility of 241Am in tropical soils.

For that the chemical fractionation of organic substances in soil and the coefficient of distribution
were determined in soils that received organic amendment before be artificially contaminated with
241Am and remained undisturbed for at least 5 years.

2. METHODS

The experimental work was developed at the Experimental Area and at Radioecology Laboratory of
IRD – Institute of Radiological Protection and Dosimetry. The field experiment was performed in pots
of 0.25 m2 and 50 cm of deep. About 40 cm of the soil was the added to the pots, isolated from the
drainage material by a plastic lattice. A Ferralsol, a Nitisol and a Histosol were selected to perform
this study. Ferralsol are the most representative soils of Brazil, occupying 38.7% of the total area of the
country and distribute it throughout the national territory.

To evaluate the role of organic amendment in Nitisol and Ferralsol, two pots were maintained
without amendment addition, two other pots received a recommended dose of organic amendment
for radish (2 kg.m−2) and 2 pots received the double of recommended dose of organic amendment for
radish (4 kg.m−2). Two other pots were filled with a Histosol, as a soil control due to the natural high
organic matter content. After the organic amendment, the soils were spiked with a solution containing
241Am, spraying it directly in the soil surface. Each pot received about 640 Bq of 241Am. The organic
amendment used in this experiment was obtained in the Unit of Compost of the Organic Material of
Pinheiral (RJ, Brazil), where the compost is made up from the leaves swept from the streets of the
Pinheiral city. This experimental result was obtained five years after the organic amendment in order to
investigate the effect of its aging on Am sorption.

The distribution coefficient Kd is an important factor defining the sorption ability of soil. This factor
is defined as a ratio between radionuclide equilibrium concentrations in solid phase and pore solution of
soil. The higher Kd corresponds to the higher sorption ability of soils with respect to radionuclides and
their lower concentration in pore solution.

The methodology for Kd determination followed the procedure described at Roussel-Debet [12].
The sorption experiments were carried out using the batch technique: 10 g of soil samples was mixed
in a 200 ml polypropylene centrifuge with 80 mL of a solution having ∼515 Bq.L−1 of americium in
nitric acid were shacked at room temperature for 72 hours. The solid-liquid phases were separated by
centrifuging at a speed of 1200 rpm for 1 h. Then, 40 ml was taken from the solution and its activity was
measured in a HPGe detector.

The chemical fractionation of organic substances in soil was performed according to the
methodology proposed by Swift (1996) modified by Benites et al. [13] in order to quantify the humic
fractions in simplified and easy method. Humic acids have low solubility under acidic conditions
normally found in tropical soils. These compounds are responsible for most of the CEC of the organic
layers surface soils. Fulvic acids are the humic compounds that present higher solubility due to their
larger polarity and smaller molecular size. These compounds are the main mechanisms responsible for
transport of cations in the soil through organo-metallic complexes, which characterizes the process of
lixiviation of chetates [14]. The humin consists of an agglomerate of humic and non-humic materials,
presenting low reactivity, but, in most tropical soils, represent the largest part of the humified soil carbon.

The samples of soil were analyzed by gamma spectrometry, following standard procedures of
the Environmental Analysis Laboratory of IRD. Pedological analyses were performed by EMBRAPA
according to their Standard routine analytical procedures [15].
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Table 1. Physico-chemical Properties of Ferralsol, Nitisol and Histosol.

Parameters Ferralsol Nitisol Histosol
P (mg kg−1) 1 12 16

K+ (cmol kg−1) 0.03 0.04 0.19
Ca+2 (cmol kg−1) 1.5 1.4 0.5
Mg+2 (cmol kg−1) 0.3 0.7 nd
Al3+ (cmol kg−1) 1.6 3 9.3
H+ (cmol kg−1) 3.5 5.4 26.2

pH (KCl) 3.7 3.7 3.4
OM (%) 3.8 4.7 22.7

Fe2O3 (g kg−1) 49 155 41
MnO (g kg−1) 0.08 0.34 0.08

CEC (cmol kg−1) 5.9 10.6 37.4
241Am (Bq Kg −1d.w± sd) 204 ± 17 149 ± 19 259 ± 32

Texture clay clay clay
Mineralogy kaolinite kaolinite kaolinite

nd = non detectable.

3. RESULTS AND DISCUSSION

The main physico-chemical properties of soils are described in Table 1. In this table is possible to
observe that all soils are acidic and clay-textured, but they differ in regard to nutrient content (Ca, K, P
and Mg), organic matter (OM) content, Fe oxides, Mn oxides and the cationic exchange capacity (CEC),
i.e., properties that can affect the sorption mechanisms of radionuclides in soil [9]. On the Histosol, the
high content of organic matter leads to the high CEC soil, showing the high sorption power of soil,
although, as can be seen, the complex is saturated mainly with H+ and Al+3, rather than with essential
nutrients (Ca+2, Mg+2 and K+), which compromises the productivity of the soil.

Figure 1 shows the vertical migration of 241Am in studied soils (controls). These results show that
241Am remains concentrate in the superficial layers of Ferralsol and Nitisol without organic amendment,
when compared with concentration found in deeper layers. These results partially agree with Sokolik
[5] that found that 90% of Am was located in the superficial layers (0–5 cm) in dry meadow soils from
Belarus after Chernobyl accident. However, results obtained for the Histosol, the soil with a natural high
content of organic matter, showed a profile less sharp as those from Ferralsol and Nitisol suggesting an
increase of mobility for Americium do deeper layers.

Figure 2 show the profile of concentration of 241Am in Ferralsol after organic amendment (2 and
4 kg.m−2, respectively). In this figure we can observe a significant migration of 241Am in Ferralsol after
organic amendment. This behavior is much more marked in the Ferralsol that received the higher dose
of amendment (4 kg.m−2). The profile of 241Am in Nitisol after organic amendment, presented Figure 3,
shows a significant migration of 241Am to deeper layers after fertilization with higher dose of amendment
(4 kg.m−2), with the important lost in the superficial layer. According to these results it is suggested that
the organic amendment, usual agricultural practice in Brazilian soils, may increase 241Am migration.

The figure 4 presents the contents of soil organic carbon in studied soils. These results shows that
after organic amendment, only the double dose was effective to increase organic carbon contents in
these soils, but it is still lower than natural contents found in Histosol. This figure also shows that with
the aging of organic amendment, the soils amended returned to its original organic carbon content and
the Histosol presented a reduction in its original content, indicating an important degradation of labile
compounds of soil organic matter.

Table 2 presents the values of Kd for 241Am found in the studied soils and Kd values reported
by Roussel-Debet [12]. The difference between the values determined in this study and those found
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Figure 1. 241Am profile in Ferralsol and Nitisol without organic amendment and Histosol.

in soils of temperate climate areas seems to confirm the great mobility of americium in the tropical
soils and, therefore, this aspect must be considered when establishing protective measures after an
accidental contamination. As the aging of organic amendment was enough to make disappear the
differences between organic treatments the Kd values for amended soil were similar to soils without
amend, evidenced by very low variation.

Complexation of actinides with organic matter may have two opposites effects. If complexed by
organic matter, their migration will be reduced. On the other hand, if the stable complexes are formed
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Figure 2. 241Am migration in Ferralsol with 2 kg m−2 and 4 kg m−2 of organic amendment.

Figure 3. 241Am migration in Nitisol with 2 kg m−2 and 4 kg m−2 of organic amendment.

Figure 4. Organic carbon content in soils.

with the organic matter soluble, transport of radionuclides can be increased [16]. Table 3 shows the
correlation coefficients between the values of chemical fractionation of organic matter with the values
of Kd. According to this table we can see that the Kd has a good correlation with organic carbon, humin
and humic acids, indicating that these fraction are the main responsible for retention of americium., so
the mobility observed for Am with the organic amendment can be associated to the soluble fraction, the
fulvic acids.
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Table 2. Values of Kd for 241Am (L kg−1) found in French soil and in this study.

Fluvisol Andosol Cambisol Calcisol Histosol Nitisol Ferralsol Reference
67 ± 5 411 ± 28 988 ± 28 4103 ± 1140 [12]

56 (n=2)_ 47 ± 1 (n=3) 44 ± 1 (n=3) This study

Table 3. Correlation coefficients for chemical fractionation with Kd values.

Fulvic acids Humic acids Humin Organic Carbon
r2 0.662 0.943* 0.933* 0.942*

(∗99.9% significant)

4. CONCLUSIONS

In this study we could observe that the organic amendment plays an important role in the fate of
deposited americium in the soil surface, influencing, in this case, its migration to deeper layers into
soil profile. Tropical soils that did not receive any organic amendment presented a higher retention
of 241Am in the surface, unlike those receiving organic amendments, presented a wider distribution
of the radionuclide along the soil profile. This work also determined values of distribution coefficient
(Kd), which did not was done before for tropical soils. The Kd values obtained were lower than those
found in European soils, confirming the higher mobility for 241Am in tropical soil. Since the values
of Kd are widely used as a basis for assessing environmental risk, the adoption of regional values,
minimizes errors in estimates of risk assessment. This result advertise about the vulnerability of tropical
soils contaminated by 241Am once low Kd implies low retention factor of the components of soil and
increases the possibility for plant uptake (not evaluated in this study) or to migrate to deeper layers in
the soil (as effectively observed). The application of organic amendment can change the mechanism of
sorption in soils with low cationic exchange capacity. In the case of 241Am the absence of the correlation
observed between Kd and soluble organic matter confirm the mobility of Am in the soil-plant system
enhanced by fulvic acids.
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