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Since publication of the White Book on the dumping of nuclear reactors and discharges of
radioactive materials into shallow Arctic seas [6], several risk assessments addressing current and future
impacts from the wastes have been completed [5,1,4]. These studies convincingly demonstrate that with
the exception of a few local "hot spots," radioactivity levels have not significantly increased in the
Arctic and doses to humans from key nuclear waste-related radionuclides are currently below acceptable
levels. Furthermore, major failures of containment systems for the dumped nuclear reactors are not
predicted to occur for perhaps another thousand years. It is therefore appropriate to revisit debates
surrounding key difficulties encountered in conducting risk assessments for humans and biological
resources in the Arctic.

One important aspect of the risk assessment process is the prediction of radionuclide transfer into
and through the marine food web. The current class of risk assessments are based on a simplified two
step approach, that is, exposure of fish to radioactivity and subsequent consumption by humans.
Discussions have focused on predicting the transfer of radionuclides from abiotic components of the
marine environment (water and particulate matter) into the food web, (e.g. the bioconcentration factor
approach). This approach was chosen out of necessity because there is inadequate information on
biological communities in Arctic seas. Many questions remain concerning the role of biological
community structure in controlling the transfer of radionuclides from low to high trophic levels within
the Arctic food web. For example, how do inter-relationships between species (e.g. competition,
predator-prey interactions, life-history variations) and other ecological processes affecting community
structure (e.g. recruitment), influence the mobilization and transfer of contaminants? We explore one
facet of the food-web issue. Namely, how does benthic community structure influence radionuclide
incorporation into the food web?

Benthic biomass and species density data were determined for field samples collected in 1993 and
1994 as part of the KAREX program (see Dahle et al., this symposium). These data provide a
characterization of the Arctic benthic community structure within different regions of the Kara Sea.
Benthic data were grouped into four geographic locations, Ob/Yenisey delta (EST) Eastern Kara Sea
(NKS), Western Kara Sea (WKS) and the Novaya Zemlya Trough (NZT). Radionuclide concentrations
in seawater for each region were derived from model results of a compartmental model developed to
perform radionuclide risk assessments in the Kara Sea [2]. The model was used to simulate releases from
the Ob River system of 1 TBq of caesium. After three simulation years, radionuclide concentrations in the
Kara Sea were noted. We then modeled the uptake of caesium from water to benthic organisms
assuming equilibrium partitioning of radioactivity. Using estimates of radionuclide bioconcentration
factors [3,1], radionuclide uptake was calculated in each of the four regions for four major phyla
(Mollusca, Annelida, Crustacea and Echinodermata).

In terms of biomass, the benthos was generally dominated by Mollusca and Annelida. In the
northern region (NKS), there is also a high contribution (69.5 g/m2) from organisms that are not
classified into the above four major phyla represented in the Kara Sea. The contribution of this diverse
mixture of species to bioaccumulation and transfer of caesium through the food web could not be
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estimated. Modeling the discharge of caesium from the Ob river system resulted in variations in
seawater radionuclide concentrations ranging over several orders of magnitude. It is not surprising that
over short-timescales (e.g. less than few years), the first-order control on radionuclide bioconcentration
to benthic organisms is due to proximity to the discharge source. For the Kara Sea simulations,
radionuclide bioconcentration levels are highest in the estuary (EST), but the biomass (wet weight in
grams/m2) there is lowest. Low biomass near the discharge source helps limit the potential transfer of
radionuclides through the food web. Biouptake within individual phyla varied among sites in accordance
with radionuclide concentrations in seawater, with one exception. Low biomass limits biouptake to
Crustacea in NZT.

The Mollusca, which are efficient bioaccumulator organisms, are prominent in the benthos and
thus is an important starting point for bioaccumulation through the Kara Sea food web. Walrus are
known to harvest some species of Mollusca providing an efficient and direct pathway for
bioaccumulation to higher trophic levels. The Annelida also contribute significantly to biomass
distributions within the Kara Sea. Although less is known about specific predator species, Annelida
consumption by bottom dwelling fish, and in some cases directly by seals is another pathway in the food
web which should be carefully studied for the Kara Sea. We have modelled patterns of radionuclide
uptake from the abiotic environment into the food web of the Kara Sea. The approach, provides a first-
order glimpse at how organisms occupying the bottom of the food web might set the stage and thereby
influence radionuclide transfers to higher trophic levels.

TABLE I. CAESIUM BIOUPTAKE TO BIOTA: TOTAL BIOACCUMULATION IN Bq/m2 OF
SEDIMENT SURFACE. THE PERCENTAGE OF THE TOTAL IS GIVEN FOR EACH PHYLA.

Total Bioaccumulation
Annelida
Crustacea
Echinodermata
Mollusca
Biomass (wet wt. g/m2)

EST
2,0E-04
23,7 %
17,3 %
0,3%

58,8 %
135

NKS
1.1E-07
67,0 %
2,3%
1,3%

29,4 %
219

WKS
3,6E-06
17,7 %
18,5 %
1,1%

62,6%
244

NZT
9.1E-07
40,6 %
0,6%
0,4%

58,4 %
158
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