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Atmospheric nuclear weapons tests, nuclear accidents, and emissions from reprocessing 
plants have changed the natural abundances of the long-lived radionuclide 129I (T1/2 = 15.7 
Ma) in a sustainable manner. But still today, the radioecology of 129I is just incompletely 
known. In this paper, we summarize the results of a long-term project aimed on a comprehen-
sive understanding of the abundances of 129I and 127I in Lower Saxony, Germany, and of their 
pathways through the different environmental compartments to man. To this end, accelerator 
mass spectrometry, radiochemical neutron activation analysis, ion chromatography, and ICP-
MS were applied to measure the iodine isotopes in sea-water, air, precipitation, surface and 
ground waters, soils, plants, animals, foodstuffs, total diet, and human and animal thyroid 
glands. For air-borne iodine, the speciation as well as the particle size distribution of aerosols 
was determined. Soil depth profiles were investigated down to depths of 2.5 m in order to 
study the iodine migration as well as individual surface soil samples to allow for the determi-
nation of transfer factors of the iodine isotopes into plants. Also the transfer factors for feed-
milk and feed-meat transfer were determined both for farm and wild animals. 
 
The iodine isotopes are in severe disequilibrium in the different environmental compartments. 
The pre-nuclear equilibrium 129I/127I ratio in the biosphere was determined to be 2.0 × 10-13 
with a geometric standard deviation of 1.39. Today, the environmental isotopic ratios in 
Northern Germany range from 10-6 to 10-10. The highest ratios were found in North Sea water, 
the lowest in deep soil samples and ground water. The North Sea appears as the dominant 
source of air-borne iodine in Northern Germany due to the emissions of European reprocess-
ing plants. A differentiation by about a factor of ten between the iodine isotopes was observed 
for the different air-borne species demonstrating the complexity of the transfer of iodine from 
the sea into the atmosphere and of its atmospheric transport. Time series for iodine in precipi-
tation show a decade long increase of 129I fallout until the 1990ties and an ongoing constant 
input of 129I with deposition densities of ~ 15 mBq m-2 per year with significant contributions 
from both, dry and wet deposition. In surface waters a dilution of the fall-out iodine takes 
place by stable iodine which is just weakly adsorbed in the soils and a considerable run-off of 
iodine must be taken into account. The isotopic ratios in soil profiles and ground waters dem-
onstrate a high mobility and an accumulation of 129I in the water unsaturated soil zones, an 
efficient migration into the water saturated soil layers and an ongoing transfer of man-made 
129I into the groundwater. The 129I/127I ratios in human thyroid glands range from 3 × 10-8 to 5 
× 10-9. The transfer of 129I through the environment to man can only be described taking also 
its interaction with stable iodine into account. In total, the results allow to establish a radio-



ecological model describing the 129I exposure of man following a long-term fallout situation. 
Open questions and the needs for future are discussed.  
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