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Releases of the long-lived radioisotope of iodine, 129I (T1215.6 m.y.) from nuclear fuel
reprocessing facilities in England and France have completely overwhelmed natural, and even
bomb-deposited inventories. We measured the ratio of I to stable iodine, I, in several
environmental matrices to explore potential uses of this anthropogenic I29I as a biogeochemical
and hydrologic tracer. U9yn \ ratios were measured by accelerator mass spectrometry, while
stable iodine concentrations were measured by inductively coupled plasma mass spectrometry.

Results from continental U.S. meteoric water and the epiphyte "Spanish Moss" show
that 129I is transported globally through the atmosphere, with a small fraction of the estimated
atmospheric releases from Europe reaching the U.S. The median ratio measured in 14 rainwater
samples from the continental U.S. is 2100xl0'12, corresponding to a 129I concentration of 2.5xlO7

atoms/L. A similar result for the n9yn7\ ratio in epiphytes from the southern U.S. suggests that
the pattern of dispersal has been in effect for at least the past few years. In contrast, a sample of
snow from France had a much higher ratio of 48,000x10'12. While there is a general decrease in
stable iodine content (and corresponding increase in 129I/I27I ratio) in meteoric water with
distance away from the coast, the pattern is not as distinct as it is for chlorine, owing to the high
reactivity and long residence time of iodine (in its various forms) in the atmosphere. The
inferred dominant mode of transport is easterly, within the troposphere, mainly in the organic
gaseous form, methyl iodide.

The Rhine and Rhone Rivers in Europe, and those in the U.S. with nuclear fuel
reprocessing facilities (such as the Savannah River Plant and the Hanford facility) in their
watersheds, have 129I/I27I ratios Vz to 3 orders of magnitude greater than for rivers distant from
reprocessing facilities (Fig. 1).
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Figure 1. The dashed line divides rivers influenced by local point sources (above)from those
whose main source of I29I is globally distributed atmospheric emissions from European nuclear
fuel reprocessing facilities.
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Figure 2. A spatial survey of rivers unaffected by local sources reveals two component mixing.
End members can be roughly identified as a meteoric source and a rock/soil source.

In North American rivers outside the influence of local 129I sources, measured 129I/ 127I
ratios range from 70xl012 to 2300xl012, which correlate inversely with the stable iodine
concentration (n=30). Mixing between low-ratio, soil-derived iodine and high-ratio, atmospheric
iodine is evident (Fig. 2). Watershed geology seems to exert primary control on stable iodine
concentrations in river water, with agricultural activity and climate exerting secondary control.
129I content can thus be used to distinguish sources of salt in rivers, since ground water, oceanic
cyclic salt delivered atmospherically, and soil leachate, have distinct l29jy127l ratios. The
residence time for soil iodine, based on data for the Mississippi River, is approximately 100
years. While this is shorter than the residence time calculated by some models, it is likely that
the recently deposited 129I is in a more labile form than refractory, organically-bound iodine in
soils.

The high ratios observed in rivers indicate a significant worldwide flux of 129I off the
continents into the oceans, about 0.5 kg/yr. However, 30 years accumulation of this flux, all in
the ocean's mixed layer (top 100m), would result in a seawater ratio of 5xl012; much lower than
that observed. Measurements of 129I/127I ratios in seawater in areas distant from Sellafield and
La Hague include those by Santschi et al. (1996) in the mid-Atlantic Bight, and Schink et al.
(1995) in the Gulf of Mexico. Ratios near the surface are 107xl012 and 67xlO12, respectively.
Another profile from the Gulf of Mexico taken in 1996, but prepared by a different method of
chemical extraction, gave similar results, with a maximum ratio of 95xlO12. While these ratios
are about an order of magnitude lower than those observed in most rivers from the adjacent
continent, they are not influenced by runoff from the continent. Current-bom transport of fuel
reprocessing I29I from the North Sea comprises the majority of the 129I measured in seawater
even in locations remote from the source.
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