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INTRODUCTION

A monitoring programme for assessing the levels of radioactivity in marine fish in the Northern
areas of Norway (north of the Arctic Circle) is founded by the Norwegian Food Control
Authority, and co-ordinated by the local Food Control Authority, Salten Region, Bod0. The
local Food Control Authorities in Troms0 and Hammerfest, and the Svanhovd Emergency
Preparedness Unit, Norwegian Radiation Protection Authority, in Svanvik participates in the
programme.

The programme focuses on marine species which are important for human consumption. It
started in 1993 and will continue for several years. The programme is co-ordinated with the
National programme for monitoring the levels of artificial radioactivity in the marine
environment The National surveillance programme is co-ordinated by the Norwegian
Radiation Protection Authority (Sickel etal., 1995).

Information about the dumping of nuclear waste, sunken nuclear submarines, and the handling
of nuclear waste on the Kola peninsula has led to the speculation whether marine fish from
the Northern areas are, or can be, contaminated with radioactive isotopes. Among potential
sources of radioactive contamination to the Northern seas are dumping of nuclear waste to the
Barents and Kara Seas, river transport from nuclear installations in the drainage areas of the
rivers Ob and Yenisey and the rivers Pechora, Onega and Severnaya Dvina, the nuclear
submarine Komsomolet which sunk south east of the Bear Island in 1989, nuclear power plants
and Russian bases for the nuclear fleet along the coast of the Kola peninsula (Sickel etal.
1995).

The aim of the programme is to document the levels of any radioactive contamination in
marine fish from the northern part of Norway and the Barents Sea, and to monitor the levels
regularly in order to discover any changes due to possible releases from radioactive sources.

The intervention levels for the nuclides Cs-137 and Cs-134 are 370 Bq/kg for milk and infant
food and 600 Bq/kg for all other foodstuffs. These are the same intervention levels as those
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which apply in the European Union. At present in Norway, a national level of 3000 Bq/kg are
applied for reindeer meat, game and wild-caught fresh water fish.

MATERIALS AND METHODS

Materials
During the autumn of 1993 and throughout 1994, totally 59 samples offish, shrimps and
scallops were collected from commercial catches delivered to local fishing plants and from
research catches on board the research vessel «Oscar Sund», Department of Fisheries and
Natural Science, Bod0 College. The collections were co-ordinated by the local Food Control
Authorities in Hammerfest, Troms0 and Bod0.
The catching sites are shown in Fig. 1. 24 of the samples were cod which were collected
regularly. The remaining 35 samples of different species were collected occasionally. These
species were haddock, saithe, herring, shrimp, redfish, wolf-fish, Greenland halibut, plaice,
scallop and farmed salmon (Table 1). Each sample of fish consisted of 25 individuals. The
samples of shrimps and scallops consisted of about 5 kg each. Weight and length were
registered. The measurements were done on muscle tissue from the thickest part of the fillet
Quantities of the 11 sampled species which were caught or slaughtered north of the Arctic
Circle in 1994 are shown in Fig. 2.

Individual measurements with Nal detectors
About 200 g frozen and thawed muscle tissue from each individual were cut to small pieces,
transferred to the measuring beaker, and measured for Cs-137 using Canberra series 10
portable multichannel analysers with 3" Nal scintillation detectors (resolution of approx. 7%,
efficiency of approx. 5%). Each measurement lasted about 2-3 hours or until 5000 counts had
been registered. The detection limit for these instruments is about 20 Bq/kg.
If muscle tissue from one individual was not sufficient, two or more individuals were pooled.
The measurements were made at the local Food Control Authorities in Hammerfest, Troms0
andBod0(Fig. 1).

Measurements on pooled samples with HP Ge detector
Muscle tissue from all the individuals in each sample were mixed to make a pooled sample.
About 500 g of the pooled sample was filled in a Marinelli beaker (500 ml) and measured for
Cs-137. The measurements were performed on coaxial one open end, closed and facing
window, Canberra HP Ge (high purity germanium) detector (relative efficiency 35%, detection
limit 0.05 Bq /kg). The measuring times were about 24 hours. At a level of 0.5 Bq/kg the
uncertainty of the measurements was about 10%. These measurements with Hp Ge detector
were made at Svanhovd Emergency Preparedness Unit in Svanvik (Fig. 1).

RESULTS

Totally about 1150 measurements of individuals from 59 samples (Table 1) using Nal
scintillation detectors have been made. All the samples had radioactivity below the detection
limit (20 Bq/kg wet weight). These results are satisfactory regarding the consumption of
marine fish from these areas. This type of detectors are convenient and relatively fast to use,
and are also satisfactory regarding regularly monitoring of radioactivity caused by any nuclear
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accidents. But because of the high detection limit relatively to the registered levels of
radiocaesium in marine fish, it was not possible to measure individual variations within a
sample of fish. Neither was it possible to register any small changes in radioactivity during
months or years caused by any slow releases, or any differences between catchment locations.

Measurements on 58 pooled samples using HP Ge-detector showed values from about 1 Bq/kg
wet weight and lower (Table 1). The lowest levels were found in shrimps (about 0.2 Bq/kg wet
weight). There was not any distinct difference between the remaining examined species (mean
values from 0.3 to 0.7 Bq/kg). These values are by far below any intervention levels
concerning the radionuclides Cs-137 and Cs-134. Because of the short half life of Cs-134 (fia =
2 years) relatively to the Tsjemobyl accident in 1986, almost all the activity measured were
from Cs-137 (tm = 30 years).
During the 16 months of regular collection of cod samples, there was not significant change in
the level of Cs-137 in the fish muscle. Nor was it any difference in levels between the different
catchment locations (Fig. 1). The mean value for 24 pooled samples of cod was 0.5 Bq/kg wet
weight. This is on the same level as reported by others: 0.7 Bq/kg in cod caught in the Barents
Sea, 0.5 Bq/kg in cod caught in the Norwegian Sea, and 0.3 Bq/kg in cod caught in the North
Sea, all the samples collected in 1993-1994 (Sickel et.al., 1995), 0.2-3.0 Bq/kg in fish caught
in the Barents Sea in 1991-1993 (Mathisov, 1994), 0.4- 2.2 Bq/kg in fish caught in the Barents
Sea in 1974 (Kilizhenko, 1992), and 0.5-3.6 Bq/kg in different fish species caught in the N.W.
Atlantic Ocean in 1969-1972 (Pertsov, 1978).

Conclusions:
So far, all the analysed samples of fish, shrimps and scallops from the coastal waters of
Northern Norway and from the Barents Sea, had very low levels of radiocaesium. Compared
to the intervention levels for foodstuffs, the levels found in marine fish from this fishing areas
were negligible.

Based on the measurements with HP Ge detector, it was not distinct difference between the
examined species regarding the levels of Cs-137 in muscle tissue. The lowest levels were found
in shrimps. Nor was it found any significant change of activity in cod muscle during the 16
months of regular collection and measuring or any difference in activity between the different
catchment locations.

The monitoring programme will continue. Because of the low levels of radioactive caesium,
more measurements will be done using Hp Ge-detectors and less measurements using Nal
scintillation detectors in the ongoing programme. This will better enable us to detect any minor
changes in the levels of radioactivity, and to measure individual variations of radioactivity
within samples.

Nal scintillation detectors are convenient and relatively fast to use, and are also satisfactory
regarding the monitoring of radioactivity caused by any nuclear accidents. Therefor regular
measurements using Nal detectors will continue in the monitoring programme.
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Table 1. Measured levels of Cs-137 (Bq/kg wet weight) in samples of different fish species, shrimps
and scallops using HP Ge-deteaor. The samples were collected in the coastal waters of Northem
Norway and in the Barents Sea during the autumn of 1993 and throughout 1994. Each sample consisted
of 25 or more individuals. The uncertainty at the measured levels was about 10% .

Species No.of Activity,Cs-137 (Bq/kg)
samples Mean Max. Min.

1 Cod (Gadus morhua)
2 Haddock (Meanogrammus aegleftnus)

3 Saithe {Pollachius virens)
4 Herring {Clupea harengus)
5 Farmed salmon (Salmo salar)
6 Shrimp (Pandalus borealis)
7 Redfish (Sebastes marinus)
8 Scallop (Chlamys islandica)
9 Spotted wolf-fish (Anarhichas minor)
10 Greenland halibut (Reinhardtius hippoglossoides)
11 Plaice (Pleuronectes platessa)
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Figure 1. Approximate catchment locations for the samples of fish, shrimps and scallops. The numbers
represent species in accordance with table 1. Some of the numbers represent more than one collection.
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Figure 2. Quantities of the sampled species caught or slaughtered north of the Arctic Circle in 1994.
The numbers are given by the Norwegian Raw Fish Organisation (tons of round fish), the Norwegian
Fishermen's Sales Organisation for Pelagic Fish (tons of hening for human consumption), and the
Norwegian Fish Fanners Association (tons of gutted salmon).
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