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Preface

In 1994, a Norwegian programme for monitoring of radioactive contamination of the marine
environment was initiated, funded by the Ministry of Fisheries. The purpose of this programme
is to continuously monitor and document the levels and trends of radioactive contamination in
the marine environment, especially in fish.

The analytical results and sampling for this report were provided by the following institutions:

• Norwegian Radiation Protection Authority
• The Directorate of Fisheries, department of Quality Control, the local office in Troms and

Finnmark
• The Institute of Marine Research
• Norwegian Food Control Authority.
• Institute for Energy Technology

In 1995 also cooperation with:
• The German Federal Maritime and Hydrographic Agency.
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Summary

During 1995 and 1996, a large number of samples of different types, collected from various
fishing grounds of interest for Norwegian commercial fishing, were measured. During these
years, 50 pooled fish samples from a total of 2525 fish have been measured for gamma emitting
radionuclides, of these, eight samples have also been measured for plutoniumisotopes. Thirteen
samples of shrimps have also been measured for various radionuclides. In addition, 800 samples
of fish have been measured for radiocaesium on routine monitoring equipment with higher de-
tection limit. For all those samples, the content of radiocaesium fell below the detection limit.

The general levels of radioactive contamination in the ocean areas surrounding Norway are low.
In fish and shrimp, the concentrations of 137Cs are in the order of 1 Bq/kg. This is in the same
range as the lowest levels found in products from the terrestrial ecosystem and far below the in-
tervention levels for radioactive contamination of foodstuff. For most of the samples of biota me-
asured for plutonium, the level fell below the limit of detection, a maximum of 5.6 mBq/kg of al-
pha emitting plutonium isotopes was found. Measurements on a number of samples of seawater,
sediments and seaweed further confirm the low levels of radioactive contamination in the North
Sea, the Norwegian Sea and the Barents Sea. For biota the levels of concerned radionuclides were
decreasing towards north. This is due to the main sources of artificial radionuclides being located

south of Norway, in the Baltic (Chernobyl fallout) and in the Irish Sea (Sellafield releases).
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1 Introduction

In 1994, a national monitoring programme was initiated due to the need of keeping a constant
overview of the radioactive contamination in the marine environment. The purpose of the
Norwegian monitoring programme is to continuously monitor and follow the trends of radioacti-
ve contamination in the marine environment and to documents levels in fish. This report pre-
sents the result from samples collected in 1995 and 1996. Samples of sea-water, sediment, sea-
weed and sea-food were collected and analysed for gamma emitting nuclides. Some samples were
also analysed for plutonium isotopes (238Pu and 239240Pu), 241Am and 90Sr.
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2 Sources of radioactive contamination

There are several sources of radioactive contamination in the marine environment.
The major contributors are:

• Fallout from atmospheric nuclear weapons testing.
• Transport of radionuclides discharged from reprocessing plants. (Sellafield and Dounreay in

United Kingdom, La Hague in France, Mayak and Tomsk-7 in Russia)
• Fallout from the Chernobyl accident in 1986.

In addition to the radionuclides already released in the environment, there are areas were there
exists potential risks for future releases. The major potential sources to radioactive contamination
in the Barents Sea and the North Atlantic Sea, are assumed to be:

• Transport of radioactive contamination with river transport by Ob and Yenisey, from landba-
sed nuclear installations and from accidental releases.

• Civilian and military nuclear installations on the Kola Peninsula.
• Spent nuclear fuel and solid radioactive waste dumped in the Kara Sea.

Fallout from nuclear weapons testing
The main source of radioactive contamination in the Arctic region is the atmospheric nuclear we-
apons testing during the fifties and the sixties. It is estimated that approximately 75% of 137Cs
and 95% of 90Sr inventories in the North Atlantic are originating from global fallout as a result
of these tests. (Aarkrog et al.,1989).
In the early sixties, tests of nuclear weapons were carried out underwater close to Novaya Zemlya.
High local contamination in the Chernaya Fjord is assumed to be caused by these detonations,
(Smith et al., 1995).

Underground detonations were carried out in the period 1963-89 at Novaya Zemlya. Fission
products have been identified in air after underground nuclear detonations, (Bjurman et al.,
1990). However, underground detonations are not assumed to have any significant impact on the
level of radioactive contamination in the marine environment.

Transport of radionuclide discharges from European reprocessing plants.
One of the main sources of radiocaesium, radiostrontium, plutonium, americium, radioiodine
and tritium discharges to the North Atlantic and the North Sea, has been the reprocessing plant
in Sellafield in the UK. After the mid-seventies the releases of radiocaesium from Sellafield have
decreased considerably (Figure 1). In 1994 the Enhanced Actinide Removal Plant (EARP) was
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Radioactive contamination in the Marine Environment

put into operation. The operation of EARP reduces discharges of ruthenium-106, plutonium and
americium. Also, the Thermal Oxide Reprocessing Plant (THORP) started operating in 1994
(MAFF, 1995). The operation of THORP is expected to increase discharges of some long lived
radionuclides such as i37Cs, 6(>Co, 90Sr and T c .
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Figure 1 Discharges of'37Cs in liquid radioactive waste from European reprocessing plants (CEC
1990, MAFF 1995)

The reprocessing plant at Dounreay, on the northern coast of Scotland, was established in 1955,
and has mainly been used for development of technology for fast breeder reactors. There are ef-
forts to attract commercial contracts to Dounreay, mainly in concern with reprocessing of spent
fuel and treatment of wastes and materials. If the activities on Dounreay increases, it is expected
that discharges of liquid waste to the marine environment also will increase in the future.

The Cap la Hague reprocessing plant in France is another source of radioactive discharges to the
North Sea. Radioactivity discharges have been on the same level over the last ten years, while the
quantities of reprocessed fuel are increasing ( Betis et al., 1994).

From the late sixties until the mid-eighties, the releases of radiocaesium from Sellafield were up to
a factor 100 higher than the releases from Dounreay and Cap la Hague.
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After the decrease of the discharges through the eighties, the releases from the three reprocessing
facilities are now at the same levels (Figure 1,Table 1).

Table I Discharges of liquid radioactive waste from Sellafield, Dounreay and Cap la Hague in 1994
(MAFF, 19951

Sellafield

Radionuclidc

••'7Cs

Pu-alpha
:4ipu

-'''Am

Discharge limit,
(TBq Annual
equivalent)

75
7
150

3
30

Discharges during
1994 (TBq)

6.75
1.08
14.4
0.74
28.9
80

Dounreay
Total-alpha
24ipu

50
0.75
15
12

4.7
0.03
0.945
1.6

La Hague
Pu-alpha
<)()Sr

'"Tc

'-\Sb

10
0.11
10.5
7
30

The Chernobyl accident
The Chernobyl accident took place in Ukraine April 1986 and was the most serious accident of
nuclear reactor operation in the history. Radionuclides were released to the atmosphere and con-
taminated the environment. Rainfall in Central Norway gave fallout levels up to 100-200
kBq/m-. It is estimated that during the Chernobyl accident, approximately 140 PBq of radiocae-
sium (' '^Cs and ' i7Cs ), 10 PBq of c)()Sr, and 0.1 PBq of plutonium isotopes were released.
(NEA/OECD, 1996). The fallout from the Chernobyl in the marine area west of Norway, in the
Baltic Sea, and the run-off from contaminated land areas have influenced the marine areas
around Norway.

River transport
In the drainage basins of the large Russian rivers Ob and Yenisey several nuclear facilities are loca-
ted. Discharges or accidental releases from these facilities as well as fallout from the atmospheric
nuclear weapons testing may enter the rivers and be finally transported to the Kara Sea.
It is difficult to estimate the impact on the Barents Sea from these sources, since the data in the
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open literature are inconsistent. The observations carried out by Roshydromet (Vakulovsky et al.,
1993) indicate that the amount of 90Sr transported by Ob and during 1961-1989 is about 1 PBq,
and 0.1 PBq 137Cs. In addition to the radionuclides transported to the Kara Sea by river run-off,
approximately 200 TBq of 90Sr and 20 TBq of 137Cs have been transported to the Barents Sea by
the rivers Pechora, Onega and Severnaya Dvina (Vakulovsky et al., 1993).

Dumping around Novaya Zemlya
From 1961 to 1991, nuclear waste was dumped in the Barents and Kara seas, the dumped waste
ranged from low level liquid waste to highly active spent nuclear fuel. Studies are being carried
out to assess the actual and potential risks from the dumped material and to measure the extent
of actual contamination of the marine environment. The joint Russian Norwegian expert group
is investigating the present contamination at the dumpsites and the potential for future releases
(JRNEG, 1996). The expert group concludes that enhanced levels of artificial radionuclides in
sediments collected in very close vicinity of almost all localised dumped objects demonstrate that
leakages do occur. However, no contribution from dumped radioactive waste can be observed in
the open sea. Preliminary assessments of the total releases from dumped nuclear waste indicate a
very small dose to the population (JRNEG, 1996).

Komsomolets
In 1989 the Soviet nuclear submarine Komsomolets caught fire and sunk south east of the Bear
Island. The submarine contained a nuclear reactor and two nuclear warheads.
Next to a ventilation channels, which is connected to the reactor section elevated levels of I37Cs
have been observed (Kolstad 1995). The radioactivity in the reactor, consists of 2.7 PBq 90Sr and
3.0 PBq '37CS) and the warheads contain approximately 16 TBq of239Pu. (CCMS 1995).
Plutonium has a limited solubility and a high affinity for particles. Accordingly, most of the plu-
tonium released from the warheads is likely to be retained in the sediments within the immediate
vicinity of the submarine. Conservative modelling of the possible releases of 137Cs indicates that
the radionuclide concentration in sea water and fish caused by past, present and future releases
from Komsomolets are at least a factor of 100 lower than the current concentrations in the same
media. (CCMS 1995)

Russian nuclear powered vessels
On the Kola Peninsula, the Russian Northern Fleet and the civilian nuclear ice breaker fleet have
their main bases. Approximately 100 nuclear vessels were operating from these bases, containing
together about 200 nuclear reactors. Besides the operating vessels, about 80 decommissioned nu-
clear submarines are still stationed at the military bases awaiting scrapping. Most of these subma-
rines still contain their nuclear reactors and fuel. By the next years, it is planned to decommission
an additional 125 submarines.

When decommissioned nuclear vessels are to be disposed, challenges are faced to do the work in a
way that minimises the risks of accidents and doses to the workers as well as safe storage for the
highly radioactive spent nuclear fuel. Presently, the stores for spent nuclear fuel at the Kola
Peninsula are filled. (NEFCO, 1996)
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3 Methods

Collection and treatment of samples

Samples of fish

The fish and prawn samples in the surveillance programme were collected by the Directorate of
Fisheries at the locations for commercial fishing. The local office in Troms and Finnmark has
analysed 25 samples of cod each month. The Directorate of Fisheries has also collected pooled
samples each containing 50 g meat from one hundred cods. These samples were collected four ti-
mes per year, from five different areas around the Norwegian coast. The samples were analysed at
the Norwegian Radiation Protection Authority for a- and Y-emitting nuclides, and at Institute
for Energy Technology for (3-emitters. In addition, the result from the Norwegian Food Control
Authority (SNT) programme was included. These samples are collected from local food proces-
sing plants in the northern part of Norway and measured for radiocaesium by the local food con-
trol authorities. Some pooled fish samples have also been measured by NRPA at Svanhovd for all
Y-emitting nuclides.

Seaweed and seawater samples

The sea weed and sea water samples were collected by the Institute for Energy Technology at 11
different stations along the Norwegian coast, from the Russian border in the north, to the
Swedish border in the south. In Figure 2, the locations of the sampling stations are shown.

Sediment samples

The sediments samples in 1995 were collected by NRPA in cooperation with the German Federal
Maritime and Hydrographic Agency. Sediment samples from 1991 and 1993 in the Barents Sea
were collected by the Institute of Marine Research in Norway.
In Figure 3, the locations of sediment sampling stations are shown.

Analytical procedures

Analysis of gamma emitters

The samples offish or seaweed were dried at 105°°C and homogenised prior to gamma measure-
ments. Sediment samples were freeze-dried, and then measured by HPGe detectors. All samples
were measured for about three days.
For the analysis of gamma emitters, detectors having relative efficiencies in the range 23 to 40%
were used. The full width at half maximum(FWHM) is less than 1.9 keV for all detectors. Three
of the detectors cover the energy interval of 50-2000 keV, and the two others cover the interval
20-2000 keV.
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Analysis of radiocaesium using Nal detectors

The laboratory at the Directorate of Fisheries in Tromso is equipped with a Nal detector connec-
ted to a Canberra series 10 portable multichannel analyser. The efficiency of the Nal detectors is
approximately 5%, and the resolution is approximately 7%. Fresh fish containing meat and bo-
nes are measured in samples with a weight of about 200 g giving a detection limit of 11 Bq/kg.
This equipment is also used for routine analyses of food, within the Norwegian monitoring sys-
tem, LORAKON. The Norwegian Food Control Authorities (SNT) uses a similiar system, but
due to differences in setup and shielding, this system has a detection limit of 20 Bq/kg.

Analyses of beta emitters
Radiochemical separation of 90Sr was based on procedures described in HASL 300. Samples of
respectively sea weed and fish were acid leached. The resulting solution from acid leaching or the
carbonate precipitate from 25 1 spiked water was subjected to radiochemical separation.
Interferences were removed by BaCrC^ and Fe(OH)3 precipitation and Sr was precipitated with
fuming HNO 3 . Y carrier was added and Y(OH)3 was measured after ingrowth of 90Y to equilibri-
um. The counting samples of yttrium oxide were measured by low background anticoincidence
beta counters ( Ris0 type, background 15 pulses/hour, efficiency 55%). For determination of
chemical yields 85Sr spike and EDTA titration was used.

Analyses of alpha emitters
After analyses for g-emitters, fish samples from the same area were pooled together. The total wet
weight of the pooled fish samples was about 5 kg. (Q. Chen, 1994, Pers. comm.) The precipitate
from 25 1 water samples or aqua extracts from seaweed or fish samples was subjected to alpha
analysis. Plutonium was separated after addition of 242Pu spike by extraction with a
10%TIOA/Xylene solution, then Pu was backextracted from the organic phase into 8M HC1,
and separated by ion exchange chromatography.

After electro deposition on stainless steel discs, the Pu was measured by semiconductor silicon de-
tectors (Aarkrog et al., 1991). Chemical yields were obtained from the spike.
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4 Results and discussion
Different samples have been collected in the marine environment including samples of fish,
shrimps, seaweed, water and sediments, and they have been analysed for different radionuclides.

Levels of radioactivity in seawater
Seawater samples from Ingoy, Vestvagoy and Vikna have been analysed for artificial radionuclides
(gamma emitters, 90Sr and plutonium-isotopes). There were no significant differences between
the different stations, and none of the samples contained levels of Pu above the detection limit.
Compared to samples collected in 1993, the concentrations of radionuclides in seawater are at
the same levels (Sickel et al., 1995). In Table 2, the results from 1993 to 1995 are presented.

Table 2 Levels of artificial radionuclides (Bqlm7>) found in seawater in 1993 to 1995-

Ing0y-93
Ingoy-94

Ingoy-95

Salinity

34.5

34.6

35.0

(A

b.

b.

b.

>Co

l.d.'

l.d.

l.d.

1.1

b.

b.

b.

•'Cs

l.d.

l.d.

l.d.

'•»~Cs

8± 2
4± 1
8 ± 3

•til

n.

4.

2.

Sr

m.

7 ±

1 ±

0.4

0.1

IV).1»

0.008

0.014

b.l.d

"Pu

±0.02

± 0.003

Vestvagoy-93
Vestvagoy-94
Vestvag0y-95
Vikna-93
Vikna-94
Vikna-95
Hvaler-93

33.8

33.7

32.9

30.8

33.0

33.9

15.0

b.l.d.

b.l.d.

8 ± 3

b.l.d.

b.l.d.

n.m.'

n.m.

b.l.d.

b.l.d.

b.l.d.

b.l.d.

b.l.d.

n.m.

n.m.

8 ±

6±

8 ±

8 ±

6±

n.m

36 i

2

1

3

1

1

: 8

n.m.

4.8 ±

2.7 ±

n.m.

3.5 ±

2.6 ±

n.m.

0.3

0.3

0.2

0.2

b.l.d.

0.011 ± 0.002

b.l.d.

b.l.d.

0.046 ± 0.009

b.l.d.

n.m.

* b.l.d.: Below Limit of Detection
" n.m.: Not Measured

Levels of radioactivity in seaweed
In 1995, ten samples of seaweed from the same areas as in 1993 were measured for artificial radi-
onuclides. The 137Cs concentration varied from 0.6 to 6.6 Bq/kg, with the highest values along
the southern coast of Norway. In none of the samples 134Cs was above the detection limit.
Concentrations of 60Co in 1995 was between 0.3 and 1.4 Bq/kg. Four samples were analysed for
<>nSr and w.*»oPu in 1995. The levels of 90Sr varies from 0.3 to 1.2 Bq/kg and for ^>,24opu from
0.04 to 0.12 Bq/kg. In none of the samples 23SPu was found. The results from 1995 are presented
in Table 3 and Figure 2.
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3. Levels of various artificial radionuclides in bladder weight, Bq/kgdry weight, in 1995

Vardo
Ingoy
Vesrvagoy
Vikna
Bud
Utsira
Lista
Tromoya
Tjome
Hvaler

35.0
32.9
33.9
29.8
31.8
31.0
28.4
21.5
17.0

0.3
0.4
0.4
b.l.
0.5
0.6
0.8
1.4
1.1
b.l.

±0.1
±0.1
±0.1

d.
±0.1
±0.1
±0.1
±0.2
±0.5

d.

b.l.d.
b.l.d.
b.l.d.
b.l.d.
b.l.d.
b.l.d.
b.l.d.
b.l.d.
b.l.d.
b.l.d.

0.8 ±0 .1
0.6 + 0.1

0.9 ±0 .1

2.9 ± 0 . 3

1.5 ± 0.1
2.1 ±0 .1

3.0 ± 0.2

3.7 ± 0 . 2

5.9 ± 0 . 5
6.6 ± 0.6

n.m.
0.26 ± 0.02
0.85 ±0.05
0.69 ± 0.04
n.m.
1.23 ±0.07
n.m.
n.m.
n.m.
n.m.

n.m.
0.078
0.107
0.123
n.m.
0.037
n.m.
n.m.
n.m.
n.m.

±0.01
±0.01
±0.01

± 0.008

' b.l.d.: Below Limit of Detection
" n.m.: Not Measured

Compared to 1993 (Sickel et al.,
1995), the concentrations of
M7Cs and 60Co in seaweed have
increased slightly along the sout-
hern coast of Norway. For 60Co,
no significant changes are found
for other areas. Regarding 137Cs,
a decrease is found at the North-
eastern most locations and an in-
crease is found at Vikna in the
middle part of Norway (Figure
3). Presently, the source for this
barely significant increase is not
identified.

Figure 2 Levels in seaweed in 1995-
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5 n>

Figure 3 Concentrations in seaweed in 1993 and 1995-

Surface Sediments
Surface sediments from 25 different areas along the Norwegian coast, collected in cooperation
with the German Federal Maritime and Hydrographic Agency during the Cruise Gauss-261 in
1995 have been measured. In addition to these sediments, 10 surface sediment samples collected
by the Norwegian Marine Research Institute from the Barents Sea have been measured. In Figure
4 the locations for sediment sampling are shown and the levels are indicated.

In the results from the Gauss-Cruise-261, traces of 134Cs were observed in three stations in the
Norwegian Sea. The known sources of 134Cs in the Norwegian Sea are the Sellafield releases and
Chernobyl fallout. The ratio I34Cs/137Cs at all three stations are around 0.03, in February 1996.
The 134Cs/137Cs ratio strongly indicates that the radiocaesium originates from Chernobyl fallout.
Measurements of sediment shows level of !37Cs from 1.3 to 60 Bq/kg. The 137Cs results are given
in Figure 4. The levels of 239240Pu varies from 0.4 Bq/kg in the Barents Sea to 3.4 in the
Skagerrak.
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Figure 4 Levels in sediments in 1995.

In Skagerrak and in the North Sea, traces of 60Co were observed, the concentrations being in the
range 0.4 to 1.1 Bq/kg. In the southern part of the North Sea, 12SSb was observed at a concentra-
tion level of 1.1 Bq/kg. Both these nuclides are typically formed during operations of nuclear re-
actors and have sufficient half lives to be found in releases from reprocessing facilities.

Fish
In a screening monitoring programme, approximately 800 fish samples have been measured using
Nal detectors. All these samples fell below the detection limit of the equipment. Also, pooled
samples each containing 50 g meat from each of one hundred cods have been measured. These
samples are routinely collected four times per year, from five different areas around the
Norwegian coast, in addition, some samples are collected from other areas where Norwegian fis-
hing is going on. These samples were analysed for a- and Y-emitting nuclides. The results are pre-
sented in Table 4 and 5.

Page 11



Radioactive contamination in the Marine Environment

Table 4. Range of concentration of various radionuclid.es in weight

Species

Shrimps
Shrimps meat
Shrimps
exoskeleton
Shrimps

Shrimps

No

5
3
3

1

1

Location

Barents Sea
Svalbard
Svalbard

Fleming
Cape
Canada
Barents Sea

' • '7Cs

(Bq/kg)

0.1 -0 .4
0.1 -0 .5
0 .3-0 .4

0.1

l'"Sr
(Bq/kg)

n.m"
n.m

0.08 - 0.09

n.m

n.m

iwpu

(m Bq/kg)

n.m
n.m
n.m

n.m

b.l.d

2.W.2-i»pu

(m Bq/kg)

n.m
n.m

n.m

n.m

0.33 ± 0.05

Table 5 Range of concentration of various radionuclides in salt water fish, wet weight.

Species No of
fish

Cod, meat 1175
Cod, bone 400
Cod, meat 100

No of
samples

20
4
1

I.ocati

Barents Sea
North Sea
North Sea

0.1 -0 .6
0 .3-0 .6

0.3

(m Bq/kg)

n.m
b.l.d
b.l.d

n.m
0.06 ± 0.01'

b.l.d
Cod from
93 to 95
Other"

300

550

3

22

Skagerrak

Barents Sea

1

0.

.0-1.

2 - 1

1

.0

0. 12 ±

n.

0.

m

03" 5.5 ±0.3"

n.m
'including disk, haddock, saithe, herring, mackerel, carrelet
"Measured on a pooled subsample with one hundred fish

Generally, the concentrations of artificial radionuclides in fish from the Norwegian fishing areas
are low, and considerably lower than the intervention levels for radioactivity in general food,
which in Norway as well as in the European Union is 600 Bq/kg for the sum of the nuclides

Other areas
For the areas concerned within this survelliance, the concentration of' ^Cs in cod measured du-
ring this monitoring is in the range up to 1 Bq/kg with a few exceptions for samples collected in
Skagerrak.

In two sea areas in the Northern Europe, significantly higher contamination levels are found. The
Irish sea is strongly influenced by the releases from the Sellafield reprocessing plant, whereas the
Baltic Sea is influenced by runoff from the Chernobyl accident.
In the Irish Sea, in 1994, (MAFF, 1995) concentrations of " 7Cs in cod between 5.7 and 19 Bq/kg
were found with concentrations of 134Cs ranging from nil to 0.27 Bq/kg. The same year, the si-
milar concentrations in the Baltic Sea were on average 16 and 0.65 Bq/kg (MAFF, 1995).
Enhanced concentrations in biota in the Baltic Sea are also caused by the low salinity in those wa-
ters that may increase the uptake of contaminants.
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In the waters surrounding Iceland, concentrations of 137Cs in cod are about 0.15 to 0.25 Bq/kg.
This water is influenced by the East Greenland current flowing southwards from the Arctic
Ocean and waters from the Atlantic ocean. Thus the area is only to a small extent affected by re-
leases from reprocessing or the Chernobyl accident and the measured contamination mainly ori-
ginates from the global fallout.

The contamination of the surface water along the Norwegian coast corresponds to the levels
found in neighbouring seas. Outside the north of Norway, specific 137Cs activity of 8 Bq/m3 is
found which is comparable to the range of 6.4 to 11 Bq/m3 found in the oceanic water in the
Kara Sea in 1992. (Strand, 1993). Along the southern eastern coast of Norway, specific activities
in the fresh water influenced surface water of 36 Bq/m3 is found. This is a factor two lower than
the 1994 level of 66 Bq/m3 in surface water found near Anholt in Kattegat (Nies and Nielsen,
1996).
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5 Conclusions
The general levels of radioactive contamination in the ocean areas surrounding Norway are low.
In fish and shrimp, the concentrations of wCs are in the order of 1 Bq/kg. This is in the same
range as the lowest levels found in products from the terrestrial ecosystem. In products from the
natural terrestrial ecosystem, levels of radioceasium several orders of magnitude higher have been
found.

Presently, the main sources of radioactive contamination of these areas are releases from the re-
processing plants in Sellafield and fallout from nuclear weapons testing and the Chernobyl acci-
dent. Other sources, such as the sunken submarine Komsomolets or the dumped radioactive was-
te in the Kara Sea have only contributed to very local radioactive contamination and have not
had any significant impact on the general levels of radioactivity in the marine environment. The
contributions from all the main sources have mainly been decreasing for the last years. A small in-
crease of the concentrations of 60C0 and wCs in seaweed along the southern coast of Norway was
seen, but the source for this increase is not identified. It should be stressed that the levels present-
ly found in seawater are much lower than in the early eighties when concentrations of wCs in the
order of 80 - 200 Bq/rm was found in the North Sea decreasing to 30 - 50 Bq/rm in the southern
Barents Sea(Gue'gue'niat et.al, 1996).

Possible future sources for additional contamination do include increased releases from reproces-
sing plants and accidents at the bases for the Russian nuclear fleets or at nuclear power plants, es-
pecially in northern Europe. All these scenarios could contribute to the levels of radioactive con-
tamination of the Norwegian fishing areas. It is therefore important to carry on the monitoring.
A consecutive monitoring programme will make it possible to early observe any increases in the
levels of contamination to perform any appropriate countermeasures.
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