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129I/127I ratios and iodine concentrations in bovine thyroids stemming from Argentina were determined
by accelerator mass spectrometry (AMS) and gas chromatography (GC), respectively. From these mea-
surements, a relationship of the 129I/127I ratio with iodine content in the gland was obtained. A weak cor-
relation between the two isotopes was found, suggesting that 129I re-emission from the ocean is not the
only process for the 129I deposition in Argentina. Moreover, contributions to the total 129I inventory in the
Southern hemisphere from both natural and anthropogenic sources were theoretically studied. Surface
compartments present similar contribution from natural sources and nuclear explosions fallout.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

129I is a long-lived (T½ = 15.6 My) radioisotope which is natu-
rally formed either from spontaneous fission of uranium or by
interaction of cosmic ray particles with xenon in the atmosphere.
The natural abundance was estimated in 50,000 kg [1]. Only
263 kg are available in atmosphere, hydrosphere and biosphere
compartments and their inventory was increased by nuclear tests
by 45 kg approximately [2]. Moreover, since the 1960’s nuclear fuel
reprocessing plants, placed in the Northern hemisphere, have
added another almost 5,000 kg to the total amount of 129I [3].

For the Southern hemisphere, a 129I global deposition pattern
recently calculated [4] pointed out that its inventory has a major
contribution from atmospheric atomic explosions and is almost
unaffected by the emissions from reprocessing plants. In the work
of Snyder et al. [5] after analyzing rivers, lakes and shallow seawa-
ter samples from the austral hemisphere they conclude that isoto-
pic ratios and concentrations levels range from pre-anthropogenic
to a-bombs 129I values [5].

Thyroids of grazing animals act as sensitive probes to assess the
fallout of 129I in environmental studies such as retrospective
dosimetry of the 131I exposure after the Chernobyl accident [6].
Thyroid hormones require iodine for their synthesis and therefore
this element is naturally concentrated in those glands, up to 5 or-
ders of magnitude higher compared to the animal diet. The major
All rights reserved.
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intake of iodine in cattle is via the ingestion of fresh pasture. Cattle
contain 10–30 mg of iodine in their bodies, of which more than 90%
is contained in their thyroid gland. Iodine content in thyroids is
modulated by its biological half-life, estimated as 100 days, and
provides a time-integrated signal [7].

The present work investigates the presence of 129I in South
America by measuring 129I/127I concentration ratios in grazing ani-
mal thyroids coming from samples collected at different latitudes
in Argentina. These are the first measurements of Southern hemi-
sphere samples covering a large latitudinal range measured via
AMS. Also, we are interested in estimating the origin of 129I in
the Southern hemisphere. For this reason, natural and anthropo-
genic contributions to its inventory were analysed.
2. Experimental

Between July 2009 and April 2010, thyroids of grazing animals
were collected fresh from slaughter houses located at ten different
sampling locations ranging between 27�S and 51�S (see Fig. 1).
From each sampling site adult animals with an age of 3–4 years
were taken from a herd that grazed fresh pastures at a known loca-
tion close to the slaughter house for at least one year prior to their
thyroid donation. The studied animals did not receive any dietary
supplement therefore it is assumed that there is no difference in
the diet of the studied animals.

After being lyophilised and homogenised, the collected samples
were chemically processed at the TANDAR Laboratory in Buenos
Aires. The extraction of iodine for the determination of 127I and
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Fig. 1. Map of South America showing the sampling points locations.

Fig. 2. Relationship of 129I/127I ratio with iodine concentration in the thyroid gland.
Solid line corresponds to a linear fit of our data. Dashed line corresponds to a linear
fit reported by Chao and Tseng [12] from Taiwanese thyroid samples. A represents
the plot region where values measured of human and bovine thyroids from Chile
(1985/6) are placed. B and C show reported 129I/127I ratios levels measured in ovine
thyroids from Australia (1957 and 1986) [14] and pre-anthropogenic level in
thyroid [2,15], respectively. See text for details.
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129I were based in two methods developed at LLNL [8,9], and were
adapted for this particular matrix where very low 129I concentra-
tion values are expected.

We selected 100 mg of dry-freezed thyroid and applied the fol-
lowing procedure: First, the sample was oxidized in a basic solu-
tion of peroxydisulfate. From this solution, we prepared the
derivative to determine total iodine by gas chromatography (GC).
In a 100 ml separation funnel, we combined 200 ll aliquot of the
sample solution with 25 ml of water, 1 ml of 4% pentan-3-one,
1 ml of 30% hydrogen peroxide and 2 ml of 5 M sulphuric acid.
The derivative was extracted in hexane. The iodo-derivative was
measured using a Hewlett–Packard HP5890 Series II gas chromato-
graph with HP PAS-1701 and Zebron ZB-5 capillary columns and
electron-capture detector. Chromatograph and detector operation
parameters used were taken from Gu et al. [8]. Iodine concentra-
tions were determined as the average of three measurements with
each column. For the determination of 129I, 2 ml of a KI solution
(Merck Suprapur�, 1000 lg/ml) were added as carrier into a
250 ml separation funnel with the rest of the sample solution, fol-
lowed by concentrated nitric acid to adjust pH � 1 and then 400 ll
of silver nitrate solution (5% m/V), to precipitate silver iodide. The
precipitate was thereafter washed and left in the oven to dry over-
night, and finally mixed with silver and pressed in a sample holder
for AMS measurements.

129I/127I ratios of the prepared samples were measured at the
Vienna Environmental Research Accelerator (VERA) [10]. While
the 127I4+ beam was measured at a Faraday cup (currents between
0.1 and 3 lA), the 129I ions were identified and counted individu-
ally by a time-of-flight and a Bragg’s detector. The 129I/127I ratio
of five calibration standards – made from the same material as
used in the work of Ref. [11], with well-known values ranging from
10�9 to 10�12 – were measured along with samples for normaliza-
tion purposes. Moreover, the concentration in blank samples was
also measured to determine the background level to be subtracted.
In this way, 129I/127I ratios as low as (8.3 ± 2.4) � 10�14 were mea-
sured. The isotope ratios of thyroid samples were at least one order
of magnitude above the chemical blank level, (3.6 ± 0.5) � 10�13,
except for one sample (only a factor 3).
3. Results and discussion

3.1. Relationship between iodine isotopes

One way to survey the relationship between iodine and 129I
sources is by plotting the variation of 129I/127I ratios as a function
of the iodine content measured (see Fig. 2). The results collected
in the present work are listed in Table 1. The solid-line in Fig. 2 cor-
responds to a linear fit of our data, while the dashed-line to a fit re-
ported for bovine thyroids from Taiwan [12]. These fits are
described as,
logð129I=127IÞ ¼ �0:844 log 127Iþ 8:18 ½present work�
logð129I=127IÞ ¼ �0:523 log 127Iþ 2:46 ½12�

A d(log 129I/127I)/d log(127I) = �1 corresponds to a complete
decorrelation between the sources of both isotopes, while a value
close to 0 should be associated to a single relevant source for both
isotopes.

Worldwide, the main source of atmospheric 127I is the ocean
volatilization [13]. The principal sources for atmospheric 129I are
the nuclear fuel reprocessing plants (despite that the major part
of their 129I production goes into the sea) and the fallout of this
material can occur far away either over land or sea. The fraction
falling in the sea is mixed up with 127I, and both isotopes can be
re-emitted giving rise to a correlated component, whereas the frac-
tion falling directly on land is not correlated with any 127I. Latitu-
dinal variations of both iodine isotopes abundances and isotopic
ratios of the samples reflect this behavior [14].

Fig. 2 also shows measured values from human and bovine thy-
roids stemming from Chile (A), concentration ratio 129I/127I in
ovine thyroids from Australia (B) [15], and pre-anthropogenic ratio
C measured from thyroid powder in US in 1930’s [2,16]. Values A
and B, which are the only reported ones from samples collected
in the Southern hemisphere, present 129I/127I ratios larger than
the ones obtained in the present work. One should mention that
they were measured by Radiochemical Neutron Activation Analysis
(RNAA), a technique which does not reach the sensitivity required
for the detection of extremely low 129I concentrations [17], as ex-
pected from Southern hemisphere’s samples.



Table 1
127I and 129I/127I ratios measured in animal thyroid samples from several locations of Argentina. Dry wt means dry weight of thyroid.

Location Date Iodine (mg/g dry wt.) 129I/127I (10�11) Lat (S) Long (W)

Villa Ángela Jul-09 5.3 ± 0.3 5.7 ± 0.4 27.5 60.7
La Paz Jul-09 3.0 ± 0.3 2.0 ± 0.3 30.7 59.6
Rivadavia Jul-09 3.1 ± 0.3 1.2 ± 0.1 35.5 63
Malargüe Sep-09 2.4 ± 0.3 2.3 ± 0.2 35.5 69.5
Choele Choel Sep-09 0.5 ± 0.3 8.2 ± 0.8 39.2 65.7
Posadas Apr-10 4.6 ± 0.3 38 ± 2 27.4 55.9
Ñorquinco Apr-10 1.6 ± 0.3 16 ± 1 41.9 71
B. Mazaredo Apr-10 8.1 ± 0.3 1.1 ± 0.1 47.1 66.7
Río Turbio Apr-10 5.8 ± 0.3 0.6 ± 0.1 51.5 72.2
Río Gallegos Apr-10 6.2 ± 0.3 0.3 ± 0.1 51.5 69
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4. 129I Southern hemisphere’s inventory

To understand the possible sources of the total 129I inventory in
the Southern hemisphere one needs to study its natural and man-
made contributions and the actual ratio between them. The natural
contribution of 129I can be estimated from a dynamic model of the
global iodine cycle [18] and a pre-anthropogenic 129/127I ratio for
one compartment. The ocean is the principal iodine source for
superficial compartments (atmosphere, surface soil and terrestrial
biosphere). Taking into account a concentration in sea water of
50 lg/L, the surface of the Southern hemisphere’s ocean of
2 � 108 km2 and an average depth of 4 km, an estimate of the total
iodine mass yields 4.1 � 1013 kg. Only 2% of this oceanic iodine re-
mains in the mixed layer (from 0 to 75 m depth). Assuming a pre-
anthropogenic 129I/127I ratio of 1.5 � 10�12 for sea water [19], there
are 1.2 kg of 129I in Southern hemisphere ocean mixed layer.
According to Kocher [18], there are 8.3 � 107 kg of iodine in ‘‘ocean
atmosphere’’ and 5.7 � 106 kg in ‘‘land atmosphere’’, and under the
assumption of uniform hydrospheric ratio, this corresponds to only
6.2 � 10�5 and 4.3 � 10�6 kg of 129I, respectively, in the Southern
hemisphere. Terrestrial biosphere and surface soil region have a
129I pre-anthropogenic inventory of 2.3 � 10�4 and 0.32 kg,
respectively.

From 1952 to 1974, a total of 543 nuclear atmospheric tests
were detonated, only 61 of them in the Southern hemisphere, with
a total fission yield estimated in 189 Mt [20,21]. From these, about
160 Mt equivalent are estimated to have been widely dispersed,
contributing to global fallout. Based on worldwide integrated
deposition 90Sr measurements around 40 Mt equivalent were
deposited in Southern hemisphere. Assuming a yield of 280 mg
129I (50 lCi) per kiloton [3], these tests added 11 kg to the
Fig. 3. Contribution to compartment inventories vs. time for a 50 kiloton device detona
injected is in the deep ocean.
atmosphere. This is 60% of the integrated deposition estimated
made by Reithmeier et al. [4,22].

A hint about how this material has changed present day inven-
tories for the different compartments can be obtained simulating
its evolution among them. Fig. 3 shows the evolution of the 129I
yield of a 50 kiloton device detonated in ocean atmosphere based
on Kocher’s geochemical model cycle for iodine [18]. The peak of
the atmospheric a-bomb tests in the Southern hemisphere was
45 years ago and if one assumes that all the radioactive material
was injected at that time, about 85% of the 129I injected amount
is now in the deep ocean compartment. The other 15% increased
the inventories of the atmosphere and the ocean mixed layer by
100% (which is related with re-emission). In this way, the 129I con-
tent in surface soil and terrestrial biosphere increased by 160% in
its 129I content. From this, it seems that nowadays there are similar
contribution in surface compartment inventories from nuclear
tests and natural sources.

In the Northern hemisphere the main source of atmospheric 129I
is the nuclear fuel reprocessing plants by means of direct airborne
releases (750 kg), from which 60% mixes with air and is available
for long transport processes [4]. A minor, but not negligible, pro-
portion of the re-emission to the atmosphere is due to the liquid
discharges of these plants. Inter-hemispheric transport of 129I is
usually neglected or not taken into account [23]. However, if only
1% of this long transport available material crosses the equator, the
injected material into the Southern inventory would be close to
half of the material deposited due to atmospheric nuclear tests.

Fehn et al. [24] pointed out that the reprocessing plants placed
in the Northern hemisphere are the main 129I source for the South-
ern hemisphere. On the other hand, Reithmeier et al. [4] estimated
that nuclear atmospheric tests are the main anthropogenic
ted in ocean atmosphere in 1965. Nowadays (shown by the arrow) most of the 129I
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supplier. Snyder et al. [5] points out that samples from the South-
ern hemisphere generally range from pre-anthropogenic to bomb
129I values. They came to this conclusion after analysing data from
35 samples from the Southern hemisphere hydrosphere. This is in
agreement with our estimation of a similar contribution from nat-
ural and nuclear tests fallout for the 129I inventory.

5. Conclusions

We measured 129I/127I ratios and iodine concentrations in ani-
mal thyroids stemming from Argentina using the AMS and GC
techniques, respectively. A relationship of the 129I/127I ratio with
iodine content in the thyroid gland of bovine animals was found.
The low correlation between sources implies a low impact of the
129I re-emission process in Argentina.129I concentrations and isoto-
pic ratio levels obtained in this work are significantly lower than
those reported previously for samples stemming from the South-
ern hemisphere measured via RNAA, being our values significantly
lower than those found previously.

Natural and anthropogenic contributions to the 129I inventory in
the Southern hemisphere were analysed. It can be concluded that
natural sources and nuclear tests have similar contributions.
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