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Studies of sediment cores from lakes on the flood plain of the Ob River, Siberia have been used
to develop a history of the release, transport, and deposition of artificial radionuclides related to the
development and testing of nuclear weapons over the duration of the nuclear age (-1950 to the present)
in this major Arctic river system. The Ob is of particular importance in this regard as two of the former
Soviet Union's major weapons production plants, Mayak and Tomsk-7, and the Semipalatinsk test site are
located within the Ob drainage basin. Accidents and intentional releases of radionuclides at both plants
have been substantial, raising the issue of transport throughout this extensive river system as well as
delivery to the Arctic Ocean. Our studies have included determining sediment profiles of m240Pu, I37Cs,
and the natural nuclide 210Pb and its parent 226Ra in a number of cores from the Ob delta, as well as
analysis of 239Pu, 240Pu, and 237Np. The latter provide sensitive measures of the presence of non-fallout
materials derived from weapons production activities.

Results presented to date have demonstrated that high resolution records of deposition of
nuclides are preserved in the Ob sediments from many of the lakes sampled. In addition, we have
concluded, primarily on the basis of 239l240Pu/137Cs and 238Pu/239'240Pu ratios, that the dominant source of
239.240pu ancj i37£s -m ^Q sediments of the Ob delta is global fallout from the atmospheric nuclear weapons
tests of the late 1950s and early 1960s [2]. However, there are several clear isotopic signals that cannot
be attributed to global weapons testing fallout. Analysis of 239Pu and 240Pu by mass spectrometry in one
core indicates that the ratio 24OPu/239Pu is close to but frequently below that expected for global fallout
over the period 1950-1994. However, in three horizons this ratio falls sharply toward values expected for
weapons grade material and the ratios reported by [1] for contaminated soils at both the Semipalatinsk
test site and the Mayak area (Figure la). Based on an assumed weapons grade ratio of .04, as much as
half of the Pu in these horizons is derived from non-fallout sources, with a deposition event as recent as
the early 1990s. The sharpness of the peaks with low 24OPu/239Pu suggest rapid transport with little
mixing along the river, a remarkable conclusion given the distance of -1700 km from possible sources at
the weapons plants. In the same core, the ratio 237Np/239Pu is indistinguishable from that expected for
fallout prior to -1982; the ratio then increases sharply, reaching maximum values in the late 1980's, but
continuing at elevated values to at least 1994, the sampling date (Figure lb), indicating a persistent non-
fallout source for this nuclide. The 237Np is not related to the elevated 239Pu horizons and hence must
represent an independent source.

Sediment cores from the mid-reach of the Ob River, including the Ob, the Irtysh, and the Tobol
have been analyzed to investigate the nuclear contaminants, noted above, closer to the presumed sources
as well as to establish the source locations. The plants and test site are each located on a different section
or tributary of the Ob and hence studies in this area can provide a clear definition of source. In addition,
many of the cores from this area of the river have accumulation rates in excess of 1 cm/yr and provide an
opportunity for resolution of contaminant events on an annual scale. Analyses of 137Cs profiles in these
sediments indicate a substantially more complex record as compared to those of the delta. The profiles
are still dominated by the large maximum in - 1965 that we continue to associate with the global fallout
maximum (Figures 2a, 2b). In both cores 10 and 11 (Tobol and Irtysh rivers, respectively), there is a
strong 137Cs peak well above the fallout period, dated at - 1986. The timing and co-occurrence in both

The 137Cs is shown for reference and is indicative of the deposition of global fallout. Isotopic
ratios for fallout and weapons grade material (Pu) are also indicated.The chronology is derived from
excess 210Pb. rivers indicate a common source which we suggest is Chernobyl. This is further supported
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F/G. 7 a.) Sediment profile of!37Cs and 24OPu/S9Pu collected in the Ob delta, b) the depth Profile of
237Np/39Pu in the same core.
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-137FIG. 2 Profiles of Cs in sediments of the mid-reach of the Ob River drainage. Sediment chronologies
210rare based on excess Pb analyses.

by the absence of a Pu enrichment, and, especially, the presence of x 4Cs, which requires a relatively
recent event (t1/2=2.06 yr.). One of the cores from the Tobol River (Mayak is in its drainage area)
contains a very deep (70 cm) Cs peak below what appears to be the usual fallout peak, raising the
possibility that it is related to the early Mayak releases to the Techa River. The excess 2I0Pb profile is,
however, quite complex rendering the chronology of this core uncertain. Establishing the origin of this

137and a number of other features in the Cs profiles requires the complementary Pu and Np data.

Analyses of the 239Pu, 240Pu, and 237Np of the sediment cores are currently being done by newly
developed ICP-MS instrumental methods. The 239Pu and 240Pu data, particularly the 5*°Pu/239Pu ratio,
complement the Cs data by clearly identifying fallout and non-fallout materials. As noted above, the
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137Cs/239l240Pu ratio is also a very useful identifier of fallout vs. non-fallout sources. Thus the sensitivity
of the 24OPu/239Pu ratio to weapons grade material and the 137Cs/m240Pu ratio together make it possible to
identify nuclides released from the nuclear facilities in this watershed that are significantly different in
their proportions from those characteristic of fallout, and to track the transport of the nuclides along the
rivers sampled. In addition, 237Np data from these cores should make it possible to identify the
geographic source area for this nuclide and hence the facility(ies) from which it originates. This paper
will present the results of 239Pu, 240Pu, 237Np, and I37Cs analyses, within the context of the chronologies of
sediment deposition, for three cores from the mid-reach area of the Ob River (Ob, Irtysh, and Tobol
Rivers) and the implications for weapons related radionuclide releases and transport in this major Arctic
river system.
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