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Since decades, nuclear techniques are used widespread for several purposes in agricultural and
environmental sciences. In the first mentioned field nutrient use and turnover studies besides plant
physiological experiments contributed significantly to the present state of knowledge. Environmental
sciences perhaps even more need the great advantages of radioactive or stable tracers and nuclear
analytical techniques as neutron activation analysis: low detection limits allow smallest traces to be
quantified and therefore, pool sizes and fluxes between pools can be evaluated. Especially the latter is
increasingly needed for the assessment of the medium- and long-term behaviour of environmental
pollutants. The main nuclear techniques used in environmental research are [1, 2, 3]:
• tracer techniques (stable and radioactive isotopes, natural and artificial tracers)
• radiochemical techniques (neutron activation analysis (NAA), isotope dilution methods, radiorelease

and -displacement methods,..)
• radiometric methods (absorption and scattering of ionizing radiation, X-ray fluorescence, particle-

induced X-ray emission,...)
• trace gas analysis by ionization detectors

In this paper we try to examplify the potential of the above methods by presenting concrete
applications of various approaches in different fields.

Use of NAA for iodine analysis in soil and plant material: I is widespread in the environment and
exhibits quite low concentrations in different compartments (earth crust: 0.30 mg kg"1, hydrosphere: 0.06
mg kg'1, biosphere: 0.05 mg kg'1; summarized in [4]). Environmental risks are arising especially from the
long-lived radioactive isotope 1 2 9I, which is released from nuclear facilities and shows increasing
concentrations in the environment. We used ICP-MS for analyses of 40 Austrian agricultural soils and
observed a range of 1.1 to 5.6 mg I kg"1 soil for stable iodine [5]. We used radiochemical NAA to be able
to meet the needed low detection limits for cereal samples being much lower in I than soil (0.7 ng for
plant samples versus 0.5 ng ml"1 using ICP-MS). Iodine concentrations in cereal grains ranged from 0.002
to 0.03 ug g"1 DM. Transfer factors (TF, calculated as concentration ratios on a DW basis) were between
0.0004 and 0.02. The IAEA-handbook [6] reports best estimates for TF of 0.0034 for grass and 0.02 for
not specified plants. Iodine transfer was negatively correlated with the soil organic matter and clay
contents of soils, while they where independent of the pH-values.

NAA for estimation of soil contamination on plant surfaces: Contaminated soil adhering to plant
surfaces may be a potential risk through human ingestion. Due to known differences of mobility of
pollutants contained in plant tissues or fixed to soil particles and the resulting uptake in the human gut, it
is important to know the respective massloading of plant surfaces. Direct measurement is not easy and
subject to various uncertainties. Scandium is geologically ubiquitous in soils but scarcly absorbed by
plant roots and not mobile within plant tissues. Therefore, Sc was chosen as a tracer for soil mass loading
and a ^Sc NAA was established. A detection limit of 0.05 mg soil per g dry plant biomass was obtained
[7]. In a combined greenhouse and field experiment it was possible to differentiate between the wind
erosion and rainsplash effect. Soil retained on plant surfaces under field conditions was 5.77 mg soil g"1

DW for ryegrass and 9.51 mg g'1 DW for broad bean. The estimated contribution of soil splash and wind
erosion was 68% and 32% for broadbean and 47% and 53% for ryegrass, respectively. It was shown that
the contribution of mass loading to the 137Cs contamination of cereal samples could reach 23%. A similar
significance for other immobile pollutants (POP's, heavy metals,...) can be envisaged.

Application of isotope dilution: Radioactive tracers can be used to study the exchangeability of
cationic pollutants, especially heavy metals using the isotope exchange kinetics (IEK) approach. This
approach was recently used by [8, 9] to derive adsorption isoterms for Zn and Cd. The IEK approach
proved to be more suitable than the traditional analytical methods.
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14C labelling to follow the fete of pesticides in the environment: ! 4C labelling is a very powerful
method to elucidate the fete of persistent organic pollutants in the soil-water-plant system and is widely
used in laboratory, windtunnel and lysimeter experiments [10]. We conducted a lysimeter study with I 4C-
labelled MCPA, which was applied on two lysimeters containing sandy soil with low organic matter
content. Within one month after application of the pesticide traces of radioactivity were detected in the
leachate of the lysimeters and in crops. During the first year of the study show that 40% of the applied
radioactivity remained in the top 20 cm of the soil after harvest of the first crop. In the second year only
24% could be detected in the whole soil profile. In an aerobic degradation experiment we studied the
possible effects of elevated ozone concentration in air on the behaviour of 14C-dichlorprop [11]. Acontrol
soil and an ozone exposed soil (80 nL ozone I/1) were kept under same conditions. Half lives of
dichlorprop of both treatments were found to be approximately 6 days. After 32 days most of the residues
in soil remained in the non extractable fraction. Significant differences were obtained for the behaviour of
the nonextractable residues and of the release of carbon dioxide, which were higher for control soil in
comparison to the ozone treatment.

15N and 18O in nitrogen dynamics studies: Stable isotope analysis of natural abundances of
1 5N 1 8O 3 was used to investigate the nitrate dynamic and potential groundwater pollution in a forest stand
in Tirol/Austria. High variations in 815N - nitrate values of the rainfall indicate that nitrate of different
sources is deposited at that site. A significant correlation between the 515N - nitrate values of the surface
water and soil water were obtained, while no significant correlation between the 515N - nitrate values of
any precipitation sample with the surface water could be found. The 18O measurements strongly
supported these findings. This suggests that the main source of nitrate in soil water originates from
microbiological activity such as nitrification reactions and less from nitrate input by deposition. In an
additional lysimeter experiment 15N - labelled nitrate was applied to study nitrate transport in soil. After
130 days and the collection of 300 L leachate a total of 52 % of the applied nitrate was leached through
the soil profile. The rest remained in the profile due to adsorption, immobilisation and biochemical
reactions.
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