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Abstract

Atmospheric deposition of chemical substances may influence the behaviour of radionuclides in soil
and their uptake in plants. This is a fact that has so far received limited attention in radioecological
studies. This paper presents briefly two cases where differences in atmospheric deposition of heavy
metals from a strong pollution source and marine aerosols, respectively, influence the turnover of
radionuclides in natural boreal ecosystems.

Introduction

The dominant natural sources of atmospheric deposition of chemical substances other than H 20 are
marine aerosols (Na+, Cl-, s042-, Mg++, Ca+, Sr++, . .), re-suspension of soil particles, volcanic
activity, and biogenic emissions (e.g. CH3I from marine organisms). In addition man has added
significant amounts of chemical substances to the atmosphere in the form of air pollutants (acidic
components, metal-containing aerosols, etc.). These substances are likely to interact with the
surface to which they are supplied, and if the fluxes are significant, they may significantly modify
the chemistry and even the microbiology of surface soils.

A very important type of chemical reactions influencing the turnover of radionuclides in soils is
cation exchange. The most important classes of soil microparticles (clay, oxide, humus) all develop
an excess of negative charges on their surfaces by different mechanisms. In the case of humus
particles, which is the focus of the present paper, negative surface charges are produced by
dissociating protons (H+) either from carboxylic (-COOH) or phenolic (-OH) groups. The excess
negative surface charges attract cations to the particle surface and thus represent a certain cation
exchange capacity.

The most important cations participating in these processes are the so-called "base" cations (Ca++,
Mg+, K+, Na+) and those contributing to most of the soil acidity (H+, Al3 +, Fe3+). But also cations of
minor and trace elements (e.g. Rb+, Cs+, Co+, Srf, Ba+, Ra++ . .) participate in cation exchange
processes, and radionuclides in cationic form are no exception! In the following two examples are
presented to illustrate the significance of cation exchange processes in radioecology in general and
in boreal ecosystems in particular.
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The EPORA project

The main purpose of the EU-sponsored project EPORA (Suomela et al. 1999) was to examine
potential effects of chemical pollutants on the soil-plant transfer of radionuclides previously
supplied to the ecosystem. The study was carried out in five different stands of spruce forest located
at distances ranging from 8 to 150 km from a copper-nickel smelter in Monchegorsk, north-western
Russia. The main air pollutants emitted from the smelter are S0 2 , Cu, and Ni, and it became clear
that the heavy metals had the most obvious impact on the soil chemistry and thereby on plant
uptake of major nutrients as well as of the radionuclides studied (137Cs, 90Sr, Pu).

Soil samples were collected from the humus layer (Of, Oh), eluvial horizon (E), and illuvial horizon
(B) in the podzolic soils, and samples of four dominant species of vascular plants, the grass
Deschampsia flexuosa and the dwarf shrubs Vaccinium myrtillus, Vaccinium vitis ideae, and
Empetrum nigrum, were also collected. The concentrations of Ni and Cu in the Of (raw humus)
horizon, which has the highest density of fine plant roots, ranged from about 5000 ppm to less than
10 ppm. Of the total metal content about 10% of Ni and 2 % of Cu were in exchangeable form.
Apparently the high content of exchangeable heavy metals strongly interfered with other cations in
the Of horizon at the sites with shortest distances from the smelter. For Mg e.g. the exchangeable
concentration decreased from about 550 to about 150 ppm (Thørring et al. 1999), most probably
because of leaching to lower soil horizons due to cation exchange with heavy metals. Similar loss
from the Of horizon was also observed for other macronutrients such as K, Ca, and Mn.
Correspondingly low levels were observed in plants at the sites with shortest distance to the smelter.

Very similar results were observed for the radionuclides in question. The activity concentration of
137CS in the humus layer decreased from about 500 to 200 Bq m-2 from the farthest to the nearest
site, and the decline of 90Sr was even greater. Similarly, whereas 80% of the total inventory of 137CS
was found in the root zone (0 + E horizon) at the farthest site, this figure was only 40% at the site
nearest to the smelter. Corresponding values for 90Sr were 74% and 18% respectively, and this also
caused lower uptake of radionuclides on the sites situated most closely to the smelter (Suomela et
al. 1999).

Radiocesium in surface soils in Norway

The fallout of '37Cs in Norway following the Chernobyl accident was very inhomogeneous, ranging
-2from almost nothing to over 100 kBq m- , as evident from analysis of samples of surface soils

(Bache et al. 1986). In 1995 the collection of surface soil samples, originally intended to see the
contribution of long range atmospheric transport to the heavy metal levels accumulated in the
topsoil, was carried out all over the country. The upper 3 cm of the humus layer was sampled from
podzolic soils, normally representing the Of (raw humus) layer, with a defined surface area, and the
137Cs activity was measured by gamma spectrometry using a germanium detector.

The sampling sites in the 1995 survey were not the same as in 1986, and the sampling procedures
were also somewhat different. In order to relate the results from the 1995 survey to that in 1986,
mean values were established on a municipality basis, and the 1995 value was expressed as a
percentage of the corresponding number from 1986. The "relative retention factor" thus obtained
appeared to vary among the 18 counties of Norway by a factor of four. Especially in the southern
part great differences were evident between different counties. In order to explain these differences
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it seems necessary to discuss some typical differences in precipitation chemistry between different
parts of this territory:

- The eastern part of Southern Norway (østlandet) is shielded from marine influence by high
mountains: Langfjella to the west and Dovre to the north. This region therefore has a continental
type climate with annual precipitation values of 300-700 mm. On the west side of the mountains
(Vestlandet) the climate is oceanic with annual precipitation amounts typically within the range
1500-3000 mm. If we look at the fluxes of marine salt deposited the differences are even greater
(Låg 1968). As an example the chloride concentration in small lakes, which is closely related to
the input of marine ions with precipitation, varies by a factor of 20 between the coastal areas of
Vestlandet and the upper valleys of østlandet (Allen & Steinnes 1987).

- Along the coast of the southernmost part (Sørlandet) the deposition of acidic pollutants
(sulphur and nitrogen compounds) in 1994, due to long range transport from other parts of
Europe, was about 5 times higher than in the more northerly parts of Norway (TØrseth 1995).
The annual precipitation in this region is 800 -2000 mm.

In order to emphasise the geographical differences observed in the retention of 137 CS in the organic
topsoil, "retention factor" values were calculated as follows:

Indre østlandet (Hedmark, Oppland, Akershus, Buskerud): 72±6 %
Vestlandet (Hordaland, Sogn og Fjordane, MØre og Romsdal): 41±2 %
Sørlandet og Sør-vestlandet (Aust-Agder, Vest-Agder, Rogaland): 27±5%

These trends are most probably related to differences in atmospheric deposition between the regions
discussed above. The most likely mechanism to cause the enhanced removal of 137Cs from the
topsoil in the coastal areas is cation exchange of Cs+ ions with deposited marine cations, among
which Mg++ appears to be the most likely candidate. In the south, where the retention of 137 CS is the
lowest, cations from acidic deposition (NH4+, H+4) may have been active in addition to the marine
ones in the replacement of 137Cs from the surface soil layer.

Thus the retention of 137 CS in organic topsoil appears to be considerably affected by more recent
supply of cations from the atmosphere. From the results from the EPORA project it is clear that
other radionuclides in cationic form may be similarly affected by atmospheric deposition of cations
from natural or anthropogenic processes.

General conclusions

- Cation exchange processes seem to have been strongly underestimated in radioecological
research dealing with soils. The results presented here indicate that such processes should be
taken much more seriously in future research on environmental radioactivity.

- The possible influence of precipitation chemistry on the turnover of radionuclides in soil -
plant systems has been ignored in radioecology so far, and deserves to be more systematically
studied.
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