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The Barents Sea
The Barents Sea is a shallow sea with an average depth of 230 m. It covers the
area from the Norwegian Sea to the coast of Novaya Zemlya, and from the
mainland of Norway and Russia to about 80" N. The Barents Sea is the only part
of the Arctic ocean that has a substantial biological production.
Up to 75% of the surface can be covered by ice. The annual variation is however
considerable. Most of the ice melts during the summer and creates by this
process a special hydrographic regime with a rapid developing ice-edge
phytoplankton bloom (Skjoldal and Rey, 1989, Sakshaug and Skjoldal, 1989). This
highly productive zone follows the ice-edge retreating northwards during the
melting.
The inflow of warm and nutrient rich Atlantic water to the Barents Sea is
another essential factor influencing the conditions for biological production in
the area.

The Barents Sea ecosystem contains some of the world largest fish stocks like the
capelin, the Northeast Arctic cod and partly the Norwegian spring spawning
herring. There are strong interactions between these stocks, and variations in the
year-class strength of the various fish stocks have a marked influence on other
components of the ecosystem (Hamre, 1991).
In addition to the direct harvest of the area, the Barents Sea is important as
feeding grounds for fish populations harvested further south on the Norwegian
shelf.
The annual catches of fish from the Barents Sea have, during the last forty years,
been in the order of 2,0 - 3,5 million tonnes.

For Norway and Russia the fisheries in the Barents Sea is of great importance.
On the international market, fish from this still less contaminated sea, compared
to for instance the North Sea, is highly appreciated.

215



Radioactive contamination

a) Observations in the sixties
The atmospheric nuclear bomb tests in the late nineteen-fifties made it necessary
to monitor the radioactivity in the marine resources of the Barents Sea. The
Institute of Marine Research, IMR, Bergen, as an advisory research institute
under the Norwegian Ministry of Fisheries, started in 1958 a monitoring
programme on radioactivity in fish meal. The samples represented an average of
the catches from the various fishing areas, and the measurement was aimed to
detect possible radioactive contamination in commercial landed fish.
In 1961 started also regular measurements on important fish species. A summary
of the results of these measurements is presented in fig. 1 (Fayn, 1991), where
also the present status according to Sickel et al. (1995), is included.
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Fig. 1. Total mean beta-activity minus 40K in fish from the Barents Sea. Values
from 1991-94 reported by Sickel et al. (1995) are for 137Cs.

The values at the time of measurement were reported as total beta-activity
minus the activity of potassium-40, (Berge, pers com.). The potassium-40 values
were calculated on the basis of a constant isotope ratio after determination of
total potassium content.
Although the monitoring was not specific regarding determination of radio-
nuclides, the results gave a sufficiently good basis for a continuous assessment
of radioactive contamination of fish and fish products from the Barents Sea.
The measurements undertaken during the monitoring programme in the sixties
increased our knowledge of the behaviour of direct fallout to the ocean. The
nuclear bomb tests conducted in the eastern Barents Sea created a considerable
direct contamination of this sea area.
The data from the monitoring program showed clearly differences in
contamination between the fish-meal samples and the individual samples. While
contamination was clearly demonstrated in the individual samples of muscle
tissue, the fish-meal which consisted of skin and bone and other non edible parts
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as the gills, where water flushes through constantly, showed less evidence of
contamination. This indicate that the uptake of radionuclides in the fish flesh
came through the food.
The monitoring showed an "immediate" response of higher contamination
following a bomb test and also a pronounced seasonal difference in the
radioactive contamination of the fish. During the summer, the radioactive
contamination was at its highest. Indicating that the bio-concentration was
through phytoplankton to zooplankton. During the highly productive summer
season the various rish species may shift their diet to smaller species.
The highest mean values, close to 90 Bq -kg"1 w.w., was measured in saith
(Pollachius virens) in 1963. Saith as a semi pelagic fish may find its food higher in
the water column, while cod and haddock are demersal species feeding close to
the bottom.
An observation maid by Berge was what may be interpreted as a species
dependent uptake of strontium-90 in fish bones.
While significant levels of strontium-90 was detected in bones from haddock,
only insignificant levels were determined in bones from cod and spotted catfish.

At the time of closure of the monitoring programme in 1968 it was believed that
the problem of radioactive contamination in the fish resources of the Barents Sea
was a thing of the past. The Chernobyl accident and more recent events as the
wreckage and sinking of the former Soviet nuclear submarine "Komsomolets"
and the documentation by the Russian government (Anon, 1993 a) of the
problem of dumped radioactive material at the east coast of Novaya Zemlya,
have proved different.

b) Present observations
When the Chernobyl accident happened almost two decades had passed without
any systematic monitoring of the radioactivity in the Barents Sea. The accident
initiated new activity in this field at the IMR. In 1990 a programme of sampling
sediments and water in the Barents Sea for, in the first hand, determination of
radiocaesium.
Caesium has chemical properties resembling potassium and as potassium is an
important ion in the osmoregulation of fish it is likely that caesium behaves
similar. The concentration of potassium and caesium in oceanic seawater are 380
g -m'3 and 0,5 mg -m'3 respectively, and given concentration factors as reported by
Polikarpov (1966) of 11.0 for potassium and 10,9 for caesium in haddock from
the Barents Sea, the content of caesium in fish is small compared to potassium.
As the presence of the anthropogenic radioactive isotopes of caesium in oceanic
seawater have to be rather small compared to the non radioactive isotope, the
radiocaesium contamination in fish from such areas has also to be low.

However, since the Barents Sea is, and has been, exposed to,
- anthropogenic radioisotopes through atmospheric fall-out,
- discharges from nuclear industry in Europe transported northwards by the

currents, particularly the Norwegian Coastal Current,
- assumed contributions from land based sources in northern Russia, and
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- the dumping of radioactive material by the former USSR in the eastern
Barents Sea and the Kara Sea,

it is important to establish a good knowledge of the distribution of radiocaesium
available for the marine organisms of the area. Thus the contamination of
radiocaesium in sediments was given first priority.

Sediments
Our sediment samples represents the first (upper 1 cm) centimetre of the bottom
sediments. Sediment sampling procedure is according to the guidelines
established in the North Sea (North Sea Task Force) reported by ICES, 1992.
The overall mean value from a total of 102 stations in the Barents Sea and the
west coast of Svalbard is 3,2 Bq -kg"1 d.w. of caesium-137. Caesium-134 was not
detected. The caesium-137 values were found to be between <l,0 and 8,6 Bq -kg"1

with the highest values close to Svalbard.

Biota
Measurements of contaminants in commercial fish catches are done as part of
the regular quality control system. Most of the samples for routine control of
radioactive contamination are measured with Nal-detectors having a detection
limit of approximately 20 Bq -kg'1 w.w. All samples measured with this type of
equipment have so far fallen below this detection limit.
This monitoring programme has also included more elaborated measurements of
some fish samples and the results as reported by Sickel et al. (1995), show values
for caesium-137 between 0,3 + 0,06 Bq -kg'1 and 0,8 ± 0,7 Bq -kg"1 for cod and
haddock caught in the years 1992 - 94 in the Barents Sea area.
The russian fisheries institute, PINRO, in Murmansk, measured radioactive
contamination in seaweed from the eastern part of the Barents Sea in 1991, they
reported values from 4 - 10 Bq -kg'1 dry weight. Earlier measurements from the
norwegian coast in the beginning of the eighties, referred to by Carlson &
Snoeijs (1994), show a gradient from south to north from about 13 to 6 Bq -kg'1

d.w. in Fucus sp. Sickel et al. (1995) reported a caesium-137 value from 1993 of
1,2 ± 0.07 Bq -kg"1 d.w. in Fucus sp. from Varda close to the boarder of Russia.

Water
Our measurements in surface samples from the Barents Sea, collected in 1991,
showed values of caesium-137 between 5-15 Bq -m'3. These values are within the
same range as the values determined on board the russian research vessel
"Akademik Boris Petrov" in 1991. The results from these measurements showed
a distinct reduction in caesium-137 levels in the surface water as the ship moved
northwards, from about 50 Bq -m'3 in the Skagerrak at the southern border of
Norway, to values around 10 Bq -m'3 in the Barents Sea.
During the three norwegian - russian expedition to the Kara Sea in 1992, -93 and
-94, measurements of caesium-137 were between 11-32 Bq/m3.
The lowest values were measured in fairly brackish surface water, while the
higher values were observed in deeper water with salinity reflecting inflow of
Atlantic water.
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Older data of caesium-137 from seawater samples from the Barents Sea were in
the same range as the data from the nineties. Kautsky (1980) reported caesium-
137 values from surface water of the Barents Sea in 1972 between 0,14 - 0,26
pCi -I'1 ( 5,2 - 9,6 Bq -m'3) with the highest values close to the Norwegian coast.
Vakulovski et al. (1985) reported caesium-137 values from the Kara Sea surface
water to be between 8 - 27 Bq -m'3 in 1982.

Concluding remarks
The fish resources as such of the Barents Sea have not yet been affected by
anthropogenic radioactivity. Neither during the nuclear bomb tests in the fifties
and sixties, nor during recent years due to accidental releases. The fisheries may
however, be dramatically affected by the fact that the focus of the media on
radioactive contamination frightens people from eating fish.

For the concern of the radioactive contamination of the Barents Sea we will
continue the monitoring,

a) to detect possible changes in the presence of radionuclides in
Norwegian waters, and to develop a base for assessing, in a readiness
situation, the impact of potential accidental releases, and

b) to document the potential of contamination both in marine fish and in the
marine environment for the purpose of avoiding speculations about the
quality of fish products from Norwegian waters.
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