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A dynamic model is developed to assess the radioecological

consequences of the radioactive waste dumping in the Arctic Seas

with a special focus on the impact on fisheries. This work is

done as part of the International Arctic Seas Assessment Project.

The Arctic Seas are considered as a set of interconnected

compartments, including 4 boxes for the Barents Sea, and 2 boxes

for the Kara Sea. The selection of specific marine compartments

is determined by a number of factors: the prevailing system of

currents, the areas of deep and shallow waters, the location of

radioactive waste dumping sites, as well as the distribution of

commercial fish feeding and spawning areas. The box model is used

for long-term predictions of water and sediment contamination in

the Arctic Seas in case of hypothetical leakages of radionuclides

from the dumping sites near the Novaya Zerolya archipelago.

The assessment of radioactive contamination of biota in the

Arctic seas has its distinguishing features as compared with

similar calculations for warmer climatic zones.

1. Because of severe climatic conditions in the Arctic seas,

many commercial species of fish use the Barents Sea as a

feeding area, and the coastal waters of the Norwegian Sea as

a spawning area. Regular seasonal migrations of most

commercial species of fish for distances of 1,500 - 2,000 miles

are observed. Over the course of a year fish migrate to various

regions of the Arctic seas which can differ considerably in

radioactive contamination levels.

2. Accumulation and excretion of radionuclides by organisms

at low temperatures occur slower than in warmer seas. The

equilibrium between radionuclide concentrations in water and fish

has no time to be established during the period of residence of

the fish in a given area of the sea.

3. Accumulation of radionuclides by fish is also affected by
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seasonal variations in the intensity of fish feeding.

The dynamics of radionuclide accumulation by fish and

biological removal of radionuclides under severe low temperature

conditions is calculated in a special block of the model.

An original method is proposed for modelling the dynamics of

radioactive contamination of fish, with consideration for fish

feeding behaviour, growth and migration pathways in the Arctic

Seas.

The radionuclide concentrations in water Cw(t) are

calculated for all areas of the Arctic Seas.The radionuclide

concentrations in phytoplankton, zooplankton, molluscs and

macroalgae are calculated by the conventional procedure, using

concentration factors.

The radionuclide concentrations in fish are calculated on

the basis of a dynamic model. The following processes are taken

into account in the model: the uptake of radionuclides with the

fish diet; the growth of fish; the losses of radionuclides

because of metabolic processes.

A basic equation for the specific radionuclide activity in

fish flesh y(t) is

dy AM 1 Q°1

= -(k + Xm + )*y + *y*FOOD* *X .

dt M M Qo

where

y is the specific radionuclide activity in fish flesh,

Bq/kg ;

X is the radionuclide concentration in fish diet, Bq/kg;

FOOD is the fish diet, kg/day;

Y is the coefficient of food transfer to the fish biomass;

Xm is the rate of biomass losses under metabolic processes

(Ym means the rate of fish weight reduction in the absence

of food);

AM is the rate of the fish biomass growth, kg/day;

Q°1 and Qo are the concentrations of a stable chemical

analogue of the radionuclide in the fish biomass and in its

diet, respectively;

X. is the radioactive decay constant.

The radioactive contamination of important commercial
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species of Arctic fish is modelled with consideration for the

peculiarities of their living and feeding habits. Model

predictions are made for biologically significant and long-lived

radionucl ides, such as 137Cs and 90Sr .

The potential consequences of radioactive waste dumping for

Russian and Norwegian fisheries are analyzed based on the

statistical data of commercial fishery in the Arctic Seas and

adjacent areas. Doses for humans due to the consumption of

contaminated marine foodstuffs from the Arctic Seas are

estimated.
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