
NO9700013

1291 in the Ob River
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It has recently become evident that 129I (t]/2 = 16 Ma) offers unique tracer information on the
circulation and ventilation time-scales in the Arctic Ocean and North Atlantic (Raisbeck et al., 1993; Zhou
et al., 1993; 1994; Smith et al., 1995; Beasley et al., 1995). In particular, 129I tracer fields and
I29I/137Cs ratios can provide precise information on circulation patterns, source water identification, and
ventilation ages of the various intermediate and deep water masses in the Arctic. In order to accurately
utilize 129I and 129I/137Cs tracer information, it is important to define the source function of 129I.
Previous workers have identified the principal source of 129I as nuclear reprocessing emissions at La
Hague, France, and Sellafield, U.K. (Zhou et al., 1993). However, it is important to quantify the
potential input from Russian rivers that have received discharges from nuclear facilities, since riverine
input of 129I may significantly affect models of water mass transport times in the Arctic and North
Atlantic.

The Ob River-estuarine system in western Siberia drains into the Kara Sea and may represent an
important pathway for the delivery of 129I and other anthropogenic radionuclides to the Arctic. The Ob
River is the longest of the Russian rivers (5,410 km), has the largest drainage basin, 2.99 x 106 km2,
and is the third largest Russian river with respect to flow rate (after the Yenisey and Lena Rivers), with a
mean annual discharge into the Kara Sea of 1.34 x 104 m3 s"1. The Ob River has received radioactive
contaminants from global fallout from nuclear weapons testing, local fallout from Novaya Zemlya, and
perhaps most significantly, discharges from nuclear facilities near the Techa, Iset and Tom rivers which
drain into the Ob. In particular, releases of radioactivity from the MAJAK installation near Chelyabinsk
and from the Siberian chemical plant Tomsk-7 have contributed anthropogenic radionuclides to the Ob
and its tributaries. Groundwater contamination of these installations may also lead to anthropogenic
radionuclides being released to the Ob River-estuarine system and the possibility of their ultimate
transport to the Kara Sea and the central Arctic. The goal of this study was: 1) to determine 129I
concentrations in the water column and the partitioning of 129I between colloids and true solution, and;
2) to determine 129I concentrations in surficial sediments of the Ob River.

Water and surface sediment samples were collected in July, 1994, along a -400 km section of the
lower Ob River (Fig. 1). All samples were collected in the freshwater end-member of the Ob River.
Surface water was pumped through 0.2 urn Gelman cartridge filters to collect "dissolved" 129I (<0.2
urn) and further processed using cross-flow filtration to collect truly dissolved (<l,000 nominal
molecular weight, NMW) and colloidal (1,000 NMW-0.2 u.m) samples. A new Osmonics 1,000 NMW
spiral wound membrane (polysulfone) in a PVC housing was used at each station to eliminate cross-
contamination between stations. Subsamples (1 liter) of the size-fractionated water were collected for
determination of 129I by AMS at the IsoTrace Laboratory. Surficial sediments were collected using a
box core and -1 g of the upper 1-2 cm of sediment was subsampled into plastic vials for 129I analysis.
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Concentrations of "dissolved" 129I (<0.2 urn) range from 0.65-2.81 x 109 atoms/1 (Fig. 2a). In
particular, 129I levels are elevated furthest into the Ob (2.72 x 109 atoms/1) and gradually decrease
toward the delta at St. 8 (2.33 x 109 atoms/1). In addition, DOC concentrations also decrease from the
Ob River proper toward the estuary (Fig. 2b) and are correlated with "dissolved" 129I (r = 0.90 n = 10).
Levels of 129I in the river proper are significantly higher than values of -0.8-1.4 x 109 atoms/1 reported
for the upper Kara Sea (Raisbeck et al., 1993). Within the delta at St. 10, a maximum is evident (2.81 x
109 atoms/1) and is associated with a maximum in sediment 1 2 9I, POC and SPM (Fig. 3a,b).
Concentrations further decrease to values of 1.53-1.67 x 109 atoms/1 toward the estuary. The lowest
"dissolved" 129I concentration (0.65 x 109 atoms/1) was determined on a sample collected from the Taz
River (St. 13), which has no known upstream source.

The colloidal size sampling provides information on the partitioning of "dissolved" 129I in
colloidal and truly dissolved fractions. In particular, the size-fractionated results indicate that 129I
concentrations in the < 1,000 NMW fraction range from 64-85% of "dissolved" in the Ob River to 45%
of "dissolved" in the Taz River (Fig. 2a). Also, the distribution of the < 1,000 NMW fraction along the
cruise track is similar to "dissolved" I29I. Concentrations of 129I determined in the 1,000 NMW-0.2
urn colloidal fraction range from 0.084-0.13 x 109 atoms/1 and are relatively invariant along the cruise
track. As a percentage of the "dissolved" fraction, colloidal 129I represents ~4-6% in the Ob and -20%
in the Taz River. These results indicate that 129I was concentrated in the colloidal size fraction using
cross-flow filtration and that -4-20% of "dissolved" ! 29I is partitioned on colloids by direct
measurement.

129I levels in surface sediments range from 0.64-10.24 x 108 atoms/g (Fig. 3a). Sediment 129I
concentrations are, on average, -200-fold greater than "dissolved" 129I and are correlated with the
concentration of suspended paniculate matter (r = 0.75, n = 12) and paniculate organic carbon (r = 0.81,
n =12). These results suggest that 129I is removed from the water column and deposited in the
sediments by uptake on particles, presumably via active biological uptake and/or passive chemical
scavenging.

The water column 129I results can be used to provide a first-order estimate of 129I output from
the Ob River to the Kara Sea. For this calculation, we use "dissolved" 129I concentrations, which
includes 129I in true solution and non-settling colloidal matter. Using the "dissolved" 129I concentration
furthest into the Ob as an upper limit (2.7 x 109 atoms/1), the 129I concentration in the Taz River as a
lower estimate (0.65 x 109 atoms/1), and the mean annual discharge of 1.34 x 104 m3 s-1, the I29I flux
from the Ob River to the Kara Sea ranges from -0.3-1 x 1024 atoms/yr. On a yearly basis, the calculated
129I output from the Ob River is -0.1-0.6% of the total atoms emitted (5 x 1027 atoms) from La Hague
and Sellafield over 25 years. We estimate that 22% of the total 129I output from La Hague and Sellafield
is now in the Arctic Ocean and 13% in the Atlantic layer alone. Thus, on an annual basis, the 129I output
from the Ob River corresponds to 0.6-2.5% and 1.1-4.2% of the total 129I emissions now present in the
entire Arctic Ocean and in the Atlantic layer, respectively. We also note that these calculations do not
consider temporal variability in 129I in the Ob River; for example, several samples collected in the Ob in
1993 indicate 129I concentrations 2-3 x lower than our results (G. Raisbeck, pers. comm.). In order to
address this issue, and to improve the spatial coverage in the Ob, we are presently analyzing samples
collected in 1995 to more accurately quantify the flux of 129I from the Ob River to the Arctic Ocean.
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Fig. 1 Map showing stations locations occupied in the Ob River, July, 1994.
the Taz River.

Station 13 is located in
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Fig. 2 Water column concentrations of a) 129I in "dissolved" (<0.2 ^m), truly dissolved (<l,000
NMW) and colloidal (1,000 NMW-0.2 urn) size fractions, and b) "dissolved" (<0.2 \im)
organic carbon at the Ob River 1994 stations. Stations are plotted from the most southern to the
furthest north location occupied.
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Fig. 3 a) Concentrations of 129I in surficial sediments in the Ob River, b) Concentrations of particulate
organic carbon (POC) and suspended particulate matter (SPM) at the 1994 Ob River stations.
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