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As an approach to an assessment of the transport of artificial radionucudes through the Ob
river system towards the Arctic Ocean, results are presented from the analyses of a series
of sediment cores collected in the Ob delta and estuary in 1994. These cores, collected in
areas of sediment accumulation, contain the depositional history at the Ob mouth of
substances associated with sediment particles from the whole river system watershed.
Several approaches to dating these sediments pennitted the development of a chronology
for the deposition of plutonium isotopes and Cs-137 - following their first introduction to
the environment a half century ago. Some preliminary results for 1-129 are also presented
- from Accelerator Mass Spectrometry (AMS) measurements made by G.M. Raisbeck,
F. Yiou (CNRS, Orsay, France) and L.R. Kilius (University of Toronto, Canada).

The sediment cores were collected from a shallow-draft catamaran capable of entering the
small lakes (Sor or ox-bow) which are associated with the Ob river system (figure 1).
These lakes are flooded each spring after the ice melts. They are excellent sediment traps
which can accumulate the annual pulses of suspended sediment carried by spring/summer
floods. Using a Global Positioning System and a depth sounder, we tried to find sites
where undisturbed layers of sediment were accumulating. The sediments of a number of
these small lakes were sampled with a gravity core, sectioned horizontally and analyzed
for radionuclides. Cs-137, Pb-210 and Ra-226 (by its Pb-214 daughter) were measured
by Ge gamma spectrometry, Pu isotopes by radiochemistry and alpha spectrometry, and
some limited 1-129 data by Accelerator Mass Spectrometry (Raisbeck et al., above). The
downcore distribution of Cs-137 provided the first indication of the record of its
depositional history in these cores. The dates of the sediment layers in the cores were
determined by the excess Pb-210 method (the amount of Pb-210 not supported by its Ra-
226 precursor). Cs-137 profiles in four of the cores are shown in the left panels of figure
2. Pu-239,240 data for three of these cores are also shown. At present we have data
from eight of the sites sampled in 1994. One of the sites, Ob94-13, is from the Taz
estuary and represents a control site which does not receive material transported down
the Ob.
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Fig. 1. Map of the Ob River watershed and sampling locations of the Joint Russian-
American Expedition "Ob Estuary -1994".
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The main feature in all of the cores analyzed is a major Cs-137 concentration maximum at
various depths downcore. The Pb-210 dating indicates that the time of deposition of the
sediments with which these peaks are associated was concurrent with the maximum in
deposition of global fallout from nuclear weapons testing in 1961-62. The varying depths
of the maximum reflect the differing rates of sedimentation which characterised the cores
(0.1 - 1.6 cm/yr.). The Cs-137 profiles measured, reflect a complex variety of
sedimentation regimes - including some where post-depositional erosion is evident. The
inventories of Cs-137 (figure 3), also vary with the nature of sediment accumulation but
are always in excess of the estimated integrated fallout delivered to this latitude (based on
data from sites in Alaska).

The ratios Pu-239,240/Cs-137 and Pu-238/Pu-239,240 can provide evidence of the source
of these isotopes. Figure 4 shows the downcore ratio Pu-239,24Q/Cs-137 in 5 Ob delta
cores and the one from the Taz estuary and compares these values with average values for
global fallout and Techa river sediments (referenced in, Panteleyev, G.P., The History of
Plutonium and Cs-137 Contamination of the Ob River Delta Sediments, M.Sc. Thesis
(submitted). Woods Hole Oceanographic Institution, Woods Hole, MA, U.S.A. 1995 ) -
all at a reference date of 1 August 1994. Figure 5 compares the mean and standard
deviation of the downcore ratios Pu-238/Pu-239,24O with fallout and Techa values (same
reference). Finally, the preliminary 1-129 results mentioned above, measured in 9 sections
from core Ob94-8 are shown in figure 6. They are plotted against both depth and a Pb-210
derived timescale, and compared against similarily plotted Cs-137 and Pu-239,240 data.

Several conclusions can be drawn from the data collected. The preservation of the record
of radionuclide deposition, as described above, can be inferred from the agreement of the
Pb-210 dating with the characterization of the main Cs -137 and Pu peaks in the cores as
being derived from the fallout from atmospheric nuclear weapons tests in the 1960's. This
was true not only of the Ob delta cores, but also the control core from the Taz estuary.
The isotope ratio data are consistent with the fallout source. Mayak contaminated
sediments in the Techa river have Pu/Cs-137 and Pu238/Pu-239,240 ratios close to an
order of magnitude lower than those seen in the Ob delta sediments. This strongly
indicates that the fallout signal is dominant and that contributions from the Mayak source
are either absent or too low to be seen against the fallout record.

The 1-129 profile in Figure 5 shows a maximum at a time horizon in the late 198O's. This
pattern seems consistent with a source or sources of 1-129 additional to those discussed
above. It is likely that post-depositional migration of solubilized iodine within sediment
interstitial water will have affected the observed distribution. In addition to such possible
sources as Chernobyl and Mayak, one must also consider venting from underground
nuclear tests held at Novaya Zemlya. One such test on August 2, 1987 lead to fission
products being detected over Scandinavia (Bjurman, B. et al., J. Environ. Radioactivity,
11, (1990) 1-14). A more detailed Russian report estimates that 3.7.10A13 Bq of Iodine
radionuclides were released to the atmosphere. The same report lists earlier venting
incidents which lead to fission products being detected in the Ob river region, including
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Figure 2: Pu and Cs-137 profiles in Ob delta (8,9;10A) and Taz estuary (13) cores
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.:d and Khanty-Mansisk (Nuclear explosions in the USSR. Part 1. Northern Test
'tf^nce information. Moscow, 1992.194 pps.)

i A conclusions which can be drawn from this study are
: 7 lakes are excellent sediment traps and do preserve the historical record of
;ides deposited there ( and, likely other artificial contaminants),
--:risant source of the Pu and Cs-137 in the sediments is global fallout from

.; \c nuclear weapons tests,
: rr.cribution of particle reactive ladionuclides from "Mayak" is not delectable in
. : ,1 to the fallout signal.
1 .-measurements suggest that these sediments may contain 1-129 from a source
.2 :o fallout from atmospheric nuclear weapons tests,

Cs-137 inventories (dpm/cm2) calculated for the Ob Delta; Taz
jsiuary sites and estimated for direct Global fallout at Fairbanks and

Anchorage, Alaska..

Figure 3
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Figure 5: Pu-238/239,240 in Ob delta , Techa river sedimentsand bomb fallout.
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Figure 6: Pu, Cs-137 and 1-129 profiles in Ob delta core 8; dating by Pb-210 method
1-129 from Accelerator Mass Spectrometry (AMS) measurements made by
G.M. Raisbcck, F.Ylou (CNRS, Orsay, France) and L.R. Kllius (University of
Toronto, Canada).


