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ABSTRACT

We report on investigations of *° and 'l in the European environment. Results are presented
concerning the verification of the natural **1/**'I equilibrium ratio in the terrestrial biosphere, the development
with time of ®1/*¥'| ratios in human and animal thyroid glands, the pre-nuclear abundance of **°I in soils, the
deposition densities due to the atmospheric nuclear explosions and due to recent releases from European
reprocessing plants, the migration behavior of stable and radio-iodine in soils, and the systematics of **I and ¥
in rain, surface and ground waters from Lower Saxony.

INTRODUCTION

The long-lived radionuclide **I (T, = 15.7 Ma) occurs in nature at very low concentrations. Since the
middle of the twentieth century the environmental levels of '®1 have been dramatically changed as a
consequence of civil and military use of nuclear fission. But, due to analytical and methodological problems the
radioecology of '#1 is still insufficiently known (1). We therefore started systematic investigations to establish
reliable analytical protocols (1-4) for **I and *#'I analyses in various environmental materials and to close some
gaps in our knowledge about the environmental abundance and behavior of **I.

In nature, iodine-129 is produced by spontaneous fission of uranium in the lithosphere and hydrosphere
and by interactions of cosmic ray particles with xenon in the atmosphere. Of the total inventory of approximately
326.8 TBq only about 1.7 TBq are estimated to be in the “free inventory” of atmosphere, hydrosphere and
biosphere (5). Assuming a global equilibrium for the free inventory, equilibrium *°I/*7| ratios were estimated to
be about 102, e.g. (6).

To this free inventory, about 0.3 TBq were added by the atmospheric explosions of nuclear weapons (7).
The Chernobyl accident added just a minor amount of 0.0071 GBq (2). The most important sources of
anthropogenic #1 in the environment are releases from nuclear reprocessing plants. A complete balance of these
latter emissions is not available, because of missing data for military installations. But, for example, the emission
from the European reprocessing plants La Hague and Sellafield amounted to 15.4 TBq up to 1997. In 1997 this
release amounted to 2.2 TBq with 75 % of the emissions being due to La Hague (8, 9). The total activity stored
in spent fuel in 1990 was estimated to be 37 TBq (10).

Due to the emissions, the natural isotopic ratios were drastically changed. While the changes caused by
the atmospheric explosions can be regarded to be fairly uniformly distributed with a certain preference of the
northern hemisphere, the huge amount of emissions from reprocessing plants is extremely inhomogenous and
differences by many orders of magnitude were and still are observed in the environment. The maximum 2142’
ratios measured are nine orders of magnitude higher than the natural ratios; see (1) for a recent survey.

From the radioecological point of view, our knowledge about *#1 in the environment is still marginal. In
1962, radiochemical neutron activation analysis (RNAA) became available as a first analytical method to
determine I in environmental samples (11). Manifold analyses demonstrated the extreme changes as a
consequence of atmospheric weapon tests and even more pronounced due to releases from reprocessing plants.
But, as discussed elsewhere in detail (1), RNAA is only capable of measuring **I/*| ratios above 107° and the
natural abundances and their transition to high contamination levels could not be quantified. Only by accelerator
mass spectrometry (AMS) it became possible to determine all **I/*¥'| ratios occurring in nature (1, 3).

The problem of quality assurance of '*I analyses remained, however, open (1). Missing standard
reference materials, contamination problems and problems with chemical separation schemes for non-marine
matrices make I analyses of environmental samples a sophisticated task. We shall not discuss these
methodological problems in detail here, but rather refer to results of recent round robin exercises (12,13) and to
earlier work of our group (1-4).

The theoretical estimates of the pre-nuclear equilibrium *°I/*7| ratio in the marine hydrosphere was
verified experimentally by AMS measurements of pre-nuclear marine sediments and deep ocean waters yielding
1291/227) ratios of (1.3 + 0.3) (10™*? (14) and (1.4 + 0.9) (1102 (15, 16), respectively. AMS investigations showed
further that 2°1/"?’| ratios of ocean surface waters remote from nuclear installations were changed to 10°%°. This
ratio is frequently used as an iodine unit for *°I/*7l ratios (IU). In the marine vicinity of the European
reprocessing plants Sellafield and La Hague much higher isotopic ratios up to 5700 [110™° were measured 1984 -
1992 (17). Thus, the marine environment is in disequilibrium with respect to iodine isotopes, a fact which gives
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rise to applications of *°I as a powerful tracer in hydrology (18).

Other information on the pre-nuclear abundance of **°1 and on **I1/*¥'| isotopic ratios are scarce for other
environmental compartments. For instance, there are no experimental results for pre-nuclear isotopic ratios in the
terrestrial biosphere (1) and just a few investigations of environmental **°I levels in Europe remote from nuclear
installations exist. To improve this situation four tasks can be identified. It is necessary to verify the prenuclear
abundances for all relevant environmental compartments, to describe quantitatively their present status, to
evaluate the radiological significance of environmental **I levels, and to estimate the future trends.

IODINE-129 IN HUMAN AND ANIMAL THYROID GLANDS

In order to establish the pre-nuclear ratios we investigated some old thyroid gland material from the
United States using AMS. Results obtained are shown in Table 1. The up-to-now lowest isotopic ratio has been
measured in a pig thyroid gland powder produced by Parke-Davis in 1943 in the USA. The mean of the two
analyses of (0.058 + 0.012) (010 is still higher than the measured pre-nuclear ratios in ocean sediments. The
thyroid glands sampled in 1947 in the USA turned out to have #1/"?'] ratios 10 to 60 times higher than the pre-
nuclear marine equilibrium ratio and thus are suspect to be affected already by **I releases during the Manhattan
project and the onset of the nuclear age. The up-to-now lowest measured *°1/*%’| ratio in biospheric materials
remains with the Parke-Davis thyroid gland powder from 1943 which still is 5 to 7 times higher than the marine
equilibrium value and which shows some variability among different aliquots.

The higher than expected isotopic ratios in the samples of 1947 cannot be explained by the analytical
blanks which were regularly and carefully analyzed for the entire analysis and typically result in isotopic ratios
below 10™. The problem, however, is that one cannot be sure whether any contamination can be excluded
during nearly 50 years of sample storage. Thus, in principle, the results for any pre-nuclear material can only be
considered as upper limits of the intrinsic isotopic ratios.

Table 1. Verification of the natural **1/**'I equilibrium ratio in the terrestrial biosphere.

Material Year 127 129 129127
[gkg™] [mBq kg™'] 107
) ) 3.0 0.14 0.070 +0.015
Animal thyroid powder, USA 1943
2.98 +0.09 0.092 + 0.008 0.046 + 0.005
Pig thyroid powder, USA 1947 - - 0.58 +0.20
. 3.36 27 123+15
Horse thyroid powder, USA 1947
3.36 34 154+18

Present days isotopic ratios in human and animal thyroid glands from Lower Saxony in Germany well
away from nuclear installations emitting **°I show much higher ratios (Fig. 1). In bovine thyroid glands, 2°1/*?'|
ratios of (110 + 10) (10™%°, (47 = 5) (110", and (400 + 196) (110 were observed in 1978 (n = 25), 1981 (n= 22),
and 1992/93 (n = 9), respectively (19, 20). The fall-out caused by the Chernobyl accident in Western Europe just
appeared as a short-term peak in the isotopic ratios (Fig. 1) as revealed by analyses of animal thyroids from
Austria and Germany (21). Pre- and post-Chernobyl human thyroid glands from Germany analyzed at ZSR by
RNAA showed #I/*¥| ratios of (216 + 114) 10 (n = 13) and (320 + 156) (10 (n = 26), respectively. *°1/**"]
ratios are about one order of magnitude lower in thyroid glands from the southern hemisphere as revealed by
analyses of human and animal thyroid glands from Chile (20). This is well in line with the general differences
between global weapons fall-out in the southern and northern hemispheres, on the one hand, and the fact that the
emissions from reprocessing plants mainly take place on the northern hemisphere, on the other.

With respect to the radiological significance of these *°1/*?'l ratios, one can estimate the associated
radiation exposure on the basis of a specific activity model (2). Assuming the data of ICRP reference man for
human iodine content and uptake (22) and a dose factor for a child in its first year of 2.8%107 Sv/Bq (23), an
equilibrium *2°1/*?| ratio of 100 [C1.0™ corresponds to an annual effective equivalent dose due to intake of | of
H.+ = 6 nSv/a. Thus, it can be concluded that the present situation is radiological not significant. It is to note,
however, that this is just a coarse estimate which takes not into account the existing disequilibrium of **°1 and
27] in the environment.
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It cannot be concluded from the data of Fig. 1 that the #1/"?'I ratios in Europe remain constant at their
present levels, since there appears a tendency of increase in spite of a considerable scatter of the data. Therefore,
we shall look into other environmental compartments in order to describe the actual status and future
development. Relevant compartments are the pedosphere, from the analysis of which integral deposition
densities of I can be derived, and wet precipitation and other natural waters, which allow to determine
deposition density rates and to investigate the pathways of *°I through the terrestrial hydrosphere.
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Figure 1. Development with time of biospheric **I/*¥'| ratios as revealed by RNAA analyses of human and
animal thyroid glands from Western Europe. All the analyses were performed by RNAA at the former
Niedersaechsisches Intitut fiir Radiooekologie (now Zentrum fiir Strahlenschutz und Radiooekologie).

IODINE -129 IN EUROPEAN SOIL SAMPLES

Also for the pedosphere, no measurements of the pre-nuclear abundances of **I exist mainly because of
the problem of contamination by ubiquitous man-made **I. In this work, we analyzed samples from three soil
profiles which were taken in Russia in 1909, 1910, and 1939, respectively. In table 2, the results are compared
with *°1 and **'l analyses of soils from Moscow, from the vicinity of Chernobyl and from Lower Saxony,
Germany. For the pre-nuclear samples we were only capable of determining the total contents of the iodine
isotopes, while for the others detailed depth profiles were measured (Fig. 2).

The range of *®1/*| ratios and of '#| activity concentrations observed in soil samples cover five orders
of magnitude. The up-to-now lowest activity per unit mass of 0.14 + 0.03 uBg/kg was found in the soil from
Lutovinovo taken in 1939. This sample showed also the lowest isotopic ratio of (0.057 + 0.011) (010™*° which,
again, is still a factor of five higher than the pre-nuclear marine equilibrium ratio. Generally, all the pre-nuclear
soil samples showed *#I1/*¥'| ratios between 5 and 170 times higher than the presumed natural equilibrium ratio.
We therefore conclude that all the old soil are suspect to modern contamination during storage, but not during
analysis since the complete analytical blanks typically yield *°1/*?| ratios below 103,

In order to estimate the total deposition density due to the atmospheric explosions of nuclear weapons
we investigated two soil profiles taken in 1996 in Moscow which according to their *¥’Cs and *3Cs activities
could be estimated to be not affected by the fall-out of the Chernobyl accident. We chose Moscow because of the
large distance to the Western European reprocessing plants and measured detailed depth profiles of *°I and *#'I;
see table 2 and Fig. 2. The two determinations yield an average deposition density of 50 mBg/m?. This result is
significantly lower than the total deposition density of 90 mBg/m? reported by Bunzl (24) for Munich, Germany
as early as in 1986. It is, however, not clear whether average deposition densities due to atmospheric weapons
tests of I can be determined at all given the strongly inhomogenous emissions from the reprocessing plants
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which were not globally well mixed. In this sense, the value of 50 mBg/m? will have to be scrutinized by further
investigations.

In order to estimate an upper limit of the pre-nuclear integral **I deposition density from the soil taken
at Lutovinovo in 1939, we assumed that the average **°l and *¥'I in the sample analyzed represents an equilibrium
between influx by fall-out of natural atmospheric *°I and **'I and outflux by migration into larger depths and into
ground water with typical time constants of (040 years deduced from the **I depth profiles from Moscow (2)
(Fig. 2). Under these assumptions, one calculates an upper limit of the pre-nuclear integral **°I deposition density
of 0.084 mBg/mZ.

Of particular interest is the analysis of soil samples in the highly contaminated areas around Chernobyl.
In our investigations in Northern Ukraine, iodine isotopic ratios up to 15,732 110™*° and deposition densities of
up to 1.4 Bg/m? were found in samples from Nosdrischtsche in contamination zone 11 (*’Cs deposition density
555 - 1480 kBqg/m?), much higher than those caused by the weapons fall-out. This 2 offers the possibility to use
129] as a tool for a retrospective dosimetry of the **!1 exposure in those areas long after the short-lived isotope
decayed. Even in the samples from Nemirowka, located in zone 111 (**’Cs deposition density 185 — 555 kBg/m?),
the Chernobyl fall-out can clearly be distinguished from the weapons fall-out.

Table 2. *°I and *¥I abundances, **I/**| ratios and '#I deposition densities in various soils.

Material 129) 127) 1291127 Integral **°|
[LBq kg™ dry w] [mg kg dry w] 100 deposition density
[mBg m?]
Bogoroditsk, 1909° 0.86 + 0.07 54+0.3 0.25+0.03 not determined
Moscow, 1910% 0.88 £ 0.07 0.79+0.02 1.7+0.1 not determined
Lutovinovo, 1939* 0.14 +0.03 3.87+0.13 0.057 £ 0.011 0.084 + 0.017
Moscow VI, 1996*° 9.4 -803 1.2-29 12 - 484 64+5
Moscow VII, 1996>° 17 - 562 0.74-35 35-282 37+3
Nemirowka I1, 1995 9.0 - 2,660 45-79 3.0-631 186 + 14
Nosdrischtsche I1, 73-6,142 0.5-0.72 224 - 15,732 1390 + 100
19952

Lower Saxony, 1998 550 - 1,200 0.68-0.71 1,200 - 3,300 not determined

range of data measured in 40 cm soil profiles; ® for details see (2).

The 2°1/*27| ratios within the individual soil profiles decrease by about a factor of 100 over 40 cm depth.
The ratios observed in top-soils range from 282 [110*° (Moscow V11, 1996) over 631 [110"*° (Nemirowka Il, zone
111, 1995) to 15,732 [10™® (Nosdrischtsche 11, 1995, zone 11). Two, recent top-soil from Lower Saxony showed
ratios of 1,200 [110™° and 3,300 110, respectively, significantly higher than the ratios measured up to 1993 in
thyroid glands from Lower Saxony.

While from their I, ¥'Cs, and *Cs activity concentrations the soil profile from Nosdrischtsche
appears to be disturbed, the other three **°I profiles in Fig. 2 are seemingly undisturbed and allow to analyze '*I
migration in some detail (2). Further comprehensive measurements of soil profiles in Northern Ukraine are
underway with the goal of retrospective dosimetry.

While the analysis of soil profiles yields information about integral deposition densities and about the
migration behavior of I, the actual fall-out rates can be determined by the analyses of wet precipitation. In
addition, past annual deposition rates can be derived from the analysis of reservoirs such as ice cores which
preserve the fall-out history.
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Figure 2. Distribution of stable iodine and of iodine-129 in soil profiles from Russia and Ukraine.

IODINE -129 IN EUROPEAN NATURAL WATERS

We report here some results from a long-term project to investigate 1 and *?’I in precipitation, surface
and shallow ground water samples from Lower Saxony, Germany. In order to make a spatial separation, Lower
Saxony was divided into four regions with sampling sites of every sample type each. In addition to open field
precipitation sampled in each region, through-fall precipitation was collected in two regions; through-fall means
rain that falls down on forests and interacts with the canopy of the trees on its way down. The four regions were
chosen to represent the close proximity to the North Sea (region 1), northern German low-lands distant from the
North Sea (region Il), the onset of the Harz mountains (region Ill) and the area of the Elbe river in Lower
Saxony in the vicinity of Gorleben (region 1V); for details of the sampling sites see (25).

Up to 10 L of precipitation were made available to us as quarterly composite samples. 2 L of surface
water were collected as spot samples once a quarter and 10 L of ground water once every half year. A 1 L North
Sea water sample was taken singularly near the shore on 12/7/99. Samples were made alkaline and stored in the
dark in polyethylene containers until analysis. For determination of '*1 with AMS, inorganic iodine was
extracted from the samples by an anion exchange resin after carrier addition. 2’1 was measured with ICP-MS in
the filtered samples. For sample preparation, AMS techniques and measurement details see (3, 4, 25, 28).

271 and **°1 contents and *¥1/**°I isotopic ratios of the samples analyzed are presented in table 3. Values
are given as two years* geometric means of the quarterly or half-yearly measurements for sampling years 1997
and 1998. In addition, the results three older RNAA analyses of precipitation from Hannover collected in 1986
and 1987 are given. Geometric means were preferred to arithmetic means, because single values do not obey to a
normal distribution, but rather to a log-normal one.

The iodine pathways through the environment are according to model estimations (26, 27) recognizable
via the *®I/*¥'| ratios: The North Sea acts as a buffer reservoir for both, stable iodine and '*I the latter being
mainly emitted by the European reprocessing plants. It is to point out that the ratio measured in sea water
collected from the North Sea in 1999 is higher by a factor of 34 than those reported by Yiou et al. (17) in 1994,
This increase points to the importance of recent releases from La Hague (8,9) and will be investigated in more
detail soon.

The subsequent transfer of I and **’I through marine and land atmosphere takes place with a short
residence time of about two weeks. Here, a mixing with iodine from other sources causes a lower *°1/*'] ratio
than in sea water. After iodine is brought to the ground by wet and dry deposition it moves just very slowly into
surface or ground waters. These compartments show distinctly lower ®1/*¥'| ratios which enables us to estimate
residence times of iodine in catchments. As iodine is biophilic, these residence times may give evidence about
the biological conditions of catchments if they are compared to tritium residence times. The significantly higher
1291127 ratio in precipitation from the North Sea shore area (region 1) compared to the other areas may be
explained in a significant portion of sea-spray since the samples were collected at Norderney airport which is
just a few hundred meters away from the shore.
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Table 3: Results of *°I and *¥'I analyses of natural waters from Lower Saxony, Germany. The results for regions
I-1V of Lower Saxony are mean values for 1997 and 1998 unless otherwise stated.

2.63 - 4.62* 432 - 5.40% 289 - 2.05%
494 - 109" 0.0082 - 2.61* 249 . 2.49%

Shallow ground water 1l

materials investigated region n 127) 129] activity 129127
concentration concentration atomic ratio
[hg kg] [uBqkg”] [107°]
Sea water, North Sea, 1999 I 1 525 + 49 5446 * 36.4 15300 + 1700
Precipitation, 2/1986 Hannover 1 156 £ 0.12 1.69 = 0.17 1660 + 230
Precipitation, 2-3/1987 Hannover 1 1.80 + 0.08 6.57 + 0.29 5580 + 350
Precipitation, 4/1987 Hannover 1 2.58 + 0.19 8.76 + 0.69 5200 * 580
Precipitation, open-field I 8 271 . 1.52% 17.8 - 1.37% 9680 - 1.28%
Precipitation, open-field I 7 1.40 . 1.44% 6.87 - 1.33% 7260 - 1.45%
Precipitation, open-field 1" 7 1.19 . 2.12% 470 - 1.87¢ 5860 - 1.59*
Precipitation, open-field v 7 1.21 - 1.60* 3.64 . 1.73¢ 3850 - 1.63*
Precipitation, through-fall I 7 6.83 - 1.30% 273 - 135 5920 - 1.16*
Precipitation, through-fall " 8 475 . 1.22¢ 15.0 - 1.33* 4690 - 1.40%
Surface water I 8 222 - 1.43* 5.96 - 2.04* 398 - 1.79%
Surface water I 8 6.23 - 1.28* 0.97 - 1.83* 231 - 1.61%
Surface water Il 7 5,55 . 1.42% 514 . 1.72% 619 . 177
Surface water v 8 6.36 - 1.40* 0.68 - 2.16* 159 - 2.01*
Shallow ground water I 2 424 . 1.38% 514 . 1.48% 81.1 . 1.07¢
Shallow ground water I 3 3.60 - 1.22¢ 0.54 . 1.20% 226 - 1.50%
3
4

Shallow ground water v

The mean **°I concentration is about four times higher in through-fall than in open field precipitation.
These difference reflects the importance of evaporative concentration processes and the ability of the trees to
scavenge fine mists and aerosol particles (16, 29). As the *°I/**] ratios in through-fall and inland open field
precipitation are the same it is obvious that the higher iodine content in through-fall originates from the same
source. This excludes the possibility of canopy leaching or soil resuspension because in large amounts vegetation
and soil have a lower 21/’ ratio than precipitation.

Taking together all results of analyses of precipitation from Germany, (30 - 32) and this work, and of an
ice core from the Fiescherhorn in Switzerland (33) one can survey the development of **1/*¥'| ratios (Fig. 3) and
of annual *°I deposition rates (table 4) during the last five decades. After a dramatic increase of *®1/*¥'I ratios
until the middle of the 1980s and a sharp peak due to the Chernobyl accident, **°1/**’| ratios have reached a
constant plateau at 8 (1107 since 1987. Emissions of La Hague which increased about one order of magnitude
since then (8,9) did not affect this stagnation up to now. There is no bomb peak in the annual deposition rates as
observed for other man-made radionuclides such as *C, *Cl, Sr, and *¥Cs, but a continuous increase until the
end of the 1980s. Since then, deposition rates have stabilized at a high level. They rose from 0.01 mBg m2a™ in
1950 by nearly three orders of magnitude to 07 mBg m? a* in 1997/98 (mean of open-field deposition rates
from table 4). The present deposition is rather inhomogenous during the years showing even some seasonal
dependence (25). There is also a high variability depending on the location and the distance from the North Sea.
These investigations will be continued to survey the future development as well as to study the transfer
mechanisms of iodine species from the North Sea into the atmosphere their deposition mechanisms. It is further
needed to extend this coarse survey and to investigate different parts of Europe in more detail. Recent results
from Spain (34) and unpublished data from Switzerland (35) point to the pertinent problem of ongoing **I
immissions which add to the **°I contamination of the terrestrial biosphere of Central Europe.
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Figure 3. Development of **1/*"| isotopic ratios in precipitation as revealed by analyses of precipitation from
Switzerland and Germany. Data are coded 1 (33), 2 (this work), 3 (30), 4 (31), and 5 (32).

Table 4: Annual **°I and **¥Cs deposition densities of the last 50 years at various European locations. Annual *°|
deposition densities of this work were calculated by multiplying the geometric means of the I concentrations in
precipitation with the actually measured precipitation depths at the respective sampling locations.

location material Year Ref. annual '#I annual *¥'Cs
deposition density  deposition density
[mBg m2a™] [kBg m?al]
Fiescherhorn, Switzerland ice core 1950 (33) 0.014 0.011
Fiescherhorn, Switzerland ice core 1983 (33) 0.92 <0.006
Mappenberg, Germany rain + aerosol 88/89 (31) 52+21 0.010 £ 0.004
Germany, various locations precipitation 1995 (32) 7.4+23 n.a.
Lower Saxony (1), Germany rain, open-field  97/98 this 12.7+34 n.a.
Lower Saxony (I1), Germany rain, open-field  97/98 this 7.2+15 n.a.
Lower Saxony (IV), Germany rain, open-field  97/98 this 20+0.8 n.a.
Lower Saxony (I1), Germany rain, through-fall  97/98 this 17.1+6.2 n.a.
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CONCLUSIONS

In Europe, as all over the world, the natural abundance of **I have been sustainably changed. But, in
Western Europe these changes are going on. *°1/*7l ratios in precipitation stabilized after a decades-long
increase at a level of ~10®. These ratios are more than one decade higher than recent ratios of biosphere iodine
measured in Germany. The different environmental compartments in Europe show severe disequilibrium of |
and of stable iodine with the expected consequence of a further rise of biospheric **I/*¥'I ratios. Assuming
continuing emissions and today’s annual deposition rates of *°I, the deposition densities due to global weapons
fall-out of about 50 mBg/m? will be doubled every decade in Western Europe, afforested and coastal areas being
more affected.

In spite of the fact that the present biospheric ?°1 abundance does not give rise to a significant radiation
exposure, the future development should be carefully surveyed. Given the long half-life of '*I the current
practice of increasing emissions should be discontinued in order to prevent *°I from becoming significant. In this
respect, I turns out to be an outstanding quantitative indicator of the long-term human impact onto the
environment. But, there remains a lot of open questions with respect to the radioecology of **I which have to be
dealt with in the future.

ACHNOWLEDGEMENTS

This work was funded by the Deutsche Forschungsgemeinschaft (DFG). Neutron irradiations were
performed at GKSS research center at Geesthacht/Germany. Samples of old thyroid glands were provided by
Prof. L. VanMiddlesworth (Tennessee/USA). Old soil samples were courtesy of the Institut fiir Bodenkunde/
Universitat Hannover and of the Timiryazev Agricultural Academy/Moscow. Sampling of water and soils from
Lower Saxony was done in collaboration with Dr. W. Stide of the Niedersichsisches Landesamt fiir Okologie
(Hildesheim/Germany). The authors thank Prof. Dr. G. Winsch, Dr. S. StraBburg, D. Wollenweber and T.
Majewski (Institut fiir Anorganische Chemie, Universitdt Hannover) for making available the ICP-MS and for
the good collaboration.

REFERENCES

1. A.Schmidt, Ch.Schnabel, J.Handl, D.Jakob, R.Michel, H.-A.Synal, J.M.Lopez, M.Suter, On the analysis
of iodine-129 and iodine-127 in environmental materials by accelerator mass spectrometry and ion
chromatography. Sci. Total Environ. 223, 131-156 (1998).

2. A.Schmidt, *°I und stabiles lod in Umweltproben: Qualitatskontrolle von Analysenmethoden zur
Radiookologie und zur retrospektiven Dosimetrie (in German), Ph.D. thesis, Univ. of Hannover (1998).
3. S.Szidat, A.Schmidt, J.Handl, D.Jakob, R.Michel, H.-A.Synal, and M.Suter, RNAA and AMS of iodine-

129 in environmental materials - comparison of analytical methods and quality assurance. Kerntechnik
submitted (1999).

4. S.Szidat, A.Schmidt, J.Handl, D.Jakob, R.Michel, H.-A.Synal, and M.Suter, Analysis of iodine-129 in
environmental materials: quality assurance and applications. J. Radioanal. Chem. (1999) in press.

5. J.Fabryka-Martin, Natural iodine-129 as a ground-water tracer. M. DS. thesis, Arizona (1984).

6. R.R.Edwards, lodine-129: Its occurrence in nature and its utility as a tracer. Science 137, 851-853
(1962).

7. A.C.Chamberlain, Radioactive Aerosols, Cambridge University Press, 1991.

8. G.M.Raisbeck, F.Yiou, Z.Q.Zhou, L.R.Kilius, and P.J.Kershaw, Marine discharges of I by the nuclear
reprocessing facilities of La Hague and Sellafield. Radioprotection — Colloques 32, C2 (1997).

9. G.M.Raisheck, and F.Yiou, *®I in the oceans: origins and applications. Sci. Total Environ. 237/238, 31-
41 (1999).

10. R.C.Finkel, and M.Suter, AMS in the earth sciences: techniques and applications. Anal. Chem. 1, 1-114
(1993).

11. M.H.Studier, C.Postmus jr., J.Mech. R.R.Walters, and E.N.Sloth, The use of **°I as an isotopic tracer an

its determination along with normal 'l by neutron activation analysis - the isolation of iodine from a
variety of materials. J. Inorg. Nucl. Chem. 24, 755-761 (1962).

12. M.L.Roberts, M.W.Caffee, and I.D.Proctor, **I Interlaboratory Comparison, ISPO-388, UCRL-123253,
Lawrence Livermore National Laboratory. Nucl. Instr. Meth. Phys. Res. B 123, 367-370 (1997).

13. M.L.Roberts, and M.W.Caffee, I interlaboratory comparison: phase | and phase |1 results. Nucl. Instr.
Meth. Phys. Res. B submitted (1999).

14. U.Fehn, G.R.Holdren, D.Elmore, T.Brunelle, R.Teng, and P.W.Kubik, Determination of natural and
anthropogenic **I in marine sediments. Geophys. Res. Lett. 13, 137-139 (1986).

15. D.R.Schink, P.H.Santschi, O.Corapcioglu, P.Sharma, and U.Fehn, I in Gulf of Mexico waters. Earth
Planet. Sc. Lett. 135, 131-138 (1995).

16. D.R.Schink, P.H.Santschi, O.Corapcioglu, and U.Fehn, Prospects for "**°| dating" of marine organic

8



P-4a-229

17.

18.

19.

20.
21.

22,

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

matter using AMS. Nucl. Instr. Meth. Phys. Res. B 99, 524-527 (1995).

F.Yiou, G.M.Raisbeck, Z.Q.Zhou, and L.R.Kilius, ***I from nuclear fuel reprocessing; potential as an
oceanographic tracer. Nucl. Instr. Meth. Phys. Res. B92, 436-439 (1994).

G.M.Raisbeck, F.Yiou, Z.Q.Zhou, L.R.Kilius, ***I from nuclear reprocessing facilities at Sellafield
(U.K.) and La Hague (France); potential as an oceanographic tracer. J. Mar. Sys. 6, 561-570 (1995).
J.Handl, A.Pfau, and F.W.Huth, Measurements of **°I in human and bovine thyroids in Europe - transfer
of I into the food chain. Health Phys. 58, 609-618 (1990).

J.Handl, Concentrations of lodine-129 in the biosphere. Radiochim. Acta 72, 33-38 (1996).
L.vanMiddlesworth, and J.Handl, **I, 11 and **'l in animal thyroids after the Chernobyl nuclear
accident. Health Physics 73, 647-650 (1997).

ICRP, Report of the Task Group on Reference Man. ICRP Report No. 23, Pergamon Press, Oxford, 1981,
st print 1971.

BMU, Bundesanzeiger 41, dated 30.09.1989, pp. 29 - 677

K.Bunzl, Kinstliche Radionuklide, in: Handbuch der Bodenkunde. 3. Erg. Lfg. 11/97, chapter 6.5.2.6,
ECOMED Verlagsgesellschaft, Landsberg/Lech (1997).

S.Szidat, A.Schmidt, J.Handl, D.Jakob, W.Botsch, R.Michel, H.-A.Synal, M.Suter, J.M.L6pez-Gutiérrez,
and W.Stéde, lodine-129: sample preparation, quality control and analyses of pre-nuclear materials
and of natural waters from Lower Saxony, Germany. Nucl. Instr. Meth. Phys. Res. B submitted (1999).
D.C.Whitehead, The distribution and transformations of iodine in the environment. Environ. Int. 10,
321-339 (1984).

J.Fabryka-Martin, H.Bentley, D.EImore, and P.L.Airley, Natural iodine-129 as an environmental tracer.
Geochim. Cosmochim. Acta 49, 337-347 (1985).

H.-A.Synal, G.Bonani, M.Débeli, R.Ender, P.Gartenmann, P.Kubik, C.Schnabel, and M.Suter, Status
report of the PSI/ETH AMS facility. Nucl. Instr. Meth. Phys. Res. B 123, 62-68 (1997).

S.Szidat, lod-129: Probenvorbereitung, Qualitatssicherung und Analyse von Umweltmaterialien (in
German). Ph.D. thesis, Univ. of Hannover, in preparation (2000).

M.Paul, D.Fink, G.Hollos, SA.Kaufman, W.Kutschera, and M.Magaritz, Measurement of *I
concentrations in the environment after the Chernobyl reactor accident. Nucl. Instr. Meth. Phys. Res.,
B29, 341-345 (1987).

H.Bachhuber, K.Bunzl, Background levels of atmospheric deposition to ground and temporal variation
of ¥, 27| %¥Cs and "Be in a rural area of Germany. J. Environm. Radioactivity 16, 77-89 (1992).
G.Krupp, and D.C.Aumann, lodine-129 in rainfall over Germany. J. Environ. Radioactivity 46, 287-
299 (1999).

M.J.M.Wagner, B.Dittrich-Hannen, H.-A.Synal, M.Suter, and U.Schotterer, Increase of iodine-129 in
the environment. Nucl. Instr. Meth. Phys. Res. B 113, 490-494 (1996).

J.M.Lbpez-Gutiérrez, M.Garcia-Leon, R.Garcia-Tenorio, Ch.Schnabel, M.Suter, H.-A.Synal, S.Szidat,
1291/*27] Ratios and '*I Concentrations in a Recent Sea Sediment Core and in Rainwater from Seville
(Spain) by AMS. Nucl. Instr. Meth. Phys. Res. B submitted (1999).

H.-A.Synal, priv. comm. (1999).



