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1-129 (16 Ma) belongs to a class of long lived-fission by-products that includes 135Cs
(3 Ma), 107Pd (6.5 Ma), and "Tc (0.2 Ma). Until very recently only "Tc had been
utilized as a tracer in oceanic systems primarily due to the difficulty of measuring low
decay rates for the other isotopes and the need for prohibitively large water samples.
Since the first demonstration by Accelerator Mass Spectrometry (AMS) for the mea-
surement of 129I in the marine environment [Kil] and more recently in oceanic systems
[Yil], the use of 129I as a long range tracer has become widespread because the con-
straint of large sample volumes had been removed. The development of 13sCs detection
technology is still under development.

The primary anthropogenic sources of 129I are nuclear weapons testing (2.7xl026

atoms), reactor releases and accidents such as at Chernobyl (0.6xl026 atoms) and the
reprocessing of nuclear waste material (5xl027 atoms released into the adjacent seas
in western Europe). These estimates do not include the massive inventories of 129I
stored at sites within the US, and FSU as well as other nuclear nations. Clearly the
anthropogenic signal overwhelms the total pre-nuclear terrestrial inventory of 1.3xlO2'
atoms. It is therefore not surprising that the base ratio of 129I/12 'I has risen from
approximately 10~12 in ocean surface waters to the approximately 1O~10 observed in
areas removed from specific sources. This latter ratio is primarily the result of global
fall out. The range of isotopic ratios in the oceans now spans five orders of magnitude
above the fallout level.

Following extensive measurements of 129I in both the Barents and Kara Seas [Ral,
Ki2, Sml], seawater samples were collected from within the Canadian Arctic Basin dur-
ing the 1993 cruise of the CSS Henry Larsen and an approximately meridional transect
by the CSS Louis St. Laurent from the Chuchi Sea across the pole and into the Norwe-
gian Sea [Sml,Ell]. Although 1 liter samples were collected, only 450 ml was required
for all the AMS measurements of Arctic seawater. The remainder was archived for
duplicate measurements or for total 127I determination at a later date. Within surface
waters of the Canadian basin enhanced concentrations of 129I were observed, El of figure
1, corresponding to 8xlO8 atoms/1. Based on 137Cs measurements [Ell] for the same
samples, the 129I/137Cs ratio bears the signature of Sellafield reprocessing effluent as
the primary source of this 129I. The vertical concentration profile clearly delineates the
influx of seawater of Atlantic origin between approximately 200-800 m.

The 129I profiles for the CSS Louis St. Laurent transect have been summarized
in figure 2 (details of the cruise and station locations are given in [Ell]. Data from
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individual depths at each station have been average across two vertical groups, 0-50 m
corresponding to the polar mixed layer and 200-800 m corresponding to approximately
the Atlantic water layer. Although the polar mixed layer concentrations are variable,
ranging from a low of 5xl07 /I in the Chuchi Sea (dominated by fallout) to a high of
109/l across the Lomonisov ridge, the 129I within the Atlantic layer was approximately
constant at 3.1xlO8 atoms/1. Based on this average we estimate that approximately 13%
of the total Sellafield/La Hague 129I emissions now resides within the Atlantic layer of
the Arctic Ocean. A comparable percentage can be estimated in first order for the
overlying waters and shelf regions.

As a result of the recently measured 129I distributions and corresponding 129I/137Cs
ratios, we can now estimate the detection sensitivity required to measure 135Cs/133Cs,
figure 3, a new oceanic tracer system that has the potential of determining transit times
in a self consistent manner. The detection of Cs isotopes by mass spectrometry differs
from iodine isotopes in that isobaric interferences cannot be easily removed by differences
in the probability of negative ion formation. For example, 129Xe does not form negative
ions while 135Ba~ was recently found to be stable. Limited success was achieved by T.
Lee [Lei] using conventional positive ion mass spectrometry and extensive chemistry
to reduce isobaric interferences to a level of 1:1010. Ratios below 1O~10 are as yet
unattainable by either conventional mass spectrometry or AMS, although an enhanced
AMS system, presently in the design stage at IsoTrace, may lower the limits below
io-1 2 .

Even within present instrumental limitations the capability exists for 135Cs/Cs iso-
topic ratios measurements from samples near reprocessing facilities and over most Arctic
upper water regions, figure 3. The estimated ratios are well in excess of the levels at
which the barium isobar becomes a limiting factor. However the unique features of
AMS, the removal of molecular inferences and greatly simplified chemistry, will be re-
quired to measure 135Cs at greater seawater depths.

Figure 1. An example of the vertical profile of 129I concentrations is shown here for
samples from the 1993 cruise of the CSS Henry Larsen.

Figure 2. 450 ml samples of seawater from the 1994 Arctic Ocean Section were mea-
sured for total 129I concentrations. In this figure, the individual measurements along a
vertical profile for each station was averaged within two groups defined by 0-50 m and
200-800 meter depths corresponding to the polar mixed layer and the Atlantic water
layer.

Figure 3. The 135Cs/133Cs ratios expected in seawater are estimated using measured
ratios of 129I/127I for different values of l29I/13rCs. Standard seawater abundances of
133Cs (0.5 ppb) and 127I (60 ppb) were used as well as thermal neutron fission yields of

118



135,137Cs T h e r a t i o o f i3SCsyri33Cs i n sedimeiits was taken from Lee [Lei] and the AMS
limit was measured at IsoTrace.
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