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Summary

During 1994 a large number of samples from the marine environment have been meas-
ured. Regarding fish, 22 samples have been measured for all gamma cmitting radioisotopes
using HPGe detectors, Four pooled samples have been analysed for “Sr, three pooled and
seven single samples have been measured for plutonium. Approximately 900 samples have
been analysed for radiocaesium using equipment with higher detection limit. In addition,
21 samples of minke whalc, one sample of prawns, ten samples of scaweed, and four
samples of sea-water have been analysed for gammaemitters. Three seaweed samples and
three seawater samples have been analysed for *Sr and platonium.

So far, all the samples have confirmed the low levels of radioactivity in the North
Atlantic Ocean. The fish samples which have been measured for all gamma emitting iso-
topes show activity levels of 1¥Cs of approximately 1 Bq/kg and up to 3 Bq/kg tor one
single sample of meat. In addition, selected samples are measured for **Sr and plutonium
isotopes. These radionuclides are found in levels up to 0.5 Bq/kg and 1.3 mBq/kg for
%Sr and 23924Py respectively. Compared to the intervention levels for foodstufts, the levels
found in marine fish from the Norwegian fishing areas are negligible. Measurements have
also been carried out on other kinds of seafood, i.e. prawns and whale meat. These sam-
ples showed a maximum value of 0.18 and 5.9 Bq/kg '*?Cs respectively. Samples of sea-
weed and seawater also confirm these low levels of contamination.




Introduction

In recenit years, the possible radioactive contamination of the marine environment has
received much attention. The information about the dumping of nuclear waste in the Kara
and Barents Scas, sunken nuclear submarines, as well as the present handling of nuclear
waste on the Kola Peninsula have all further pushed the attention of the public as well as
the science community and the authorities towards this issue. The uncertainty regarding
the sources and their present and future releases has also led to the speculation that marine
fish from the northern arcas arc radioactively contaminated.

Conscquently, a national programme was initiated in 1994 to continuously monitor
the levels of artificial radiocactivity in the marine environment. In this programme, samples
of fish, seaweed, and secawater are collected regularly to be measured for various radioactive
substances. By that, itis possible to document the levels of radioactive contamination in
such food and to cstimate the development of radioactive contamination.

Under this monitoring programme, samples are collected for measurements of all
artificial radionuclides: cod samples are collected four times a year, samiples of capelin and
shrimps are collected occasionally. These fish samples are collected from five different
fishing arcas; two in the Barents Scaj two in the North Sea and onc in Skagerrak. The
samples are collected by the Directorate of Fisheries from locations where commercial
fishing is taking place. In addition to these samples, samples are collected monthly to be
measured for radiocacsium.

Samples of scaweeds and scawater arc also collected at selected places along the Nor-
wegian coast. These samples are measured for all gamma emitting isotopes. Selected sam-
ples are also measured radiochemically for **Sr and plutonium isotopes. To the largest
possible extent, rclevant samples and results from other Norwegian programmes are also
included in the monitoring programme.

The work is performed as a cooperation between the Norwegian Radiation Protection
Authority (NRPA), Institute of Energy Technology (IFE) and the Directorate of Fisheries.
At a later stage, the Institute for Marine Research (IME) is planned to be involved in the
sampling of scawater and sediments from the open sea. The work is funded by the Minis-
try of Fisheries and NRPA.

In addition to the samples and results collected under the national survelliance pro-
gramme, permission was given by the Norwegian Food Control Authority (SNT) to in-
clude samples and results obtained under their monitoring programme “Radioactivity in
Marine Fish” under which samplcs are collected from local food processing plants in the
northern parts of Norway and measured for radioceasium by the local food control
authoritics. Some pooled samples are also measured by NRPA at Svanhovd for all artificial
gamma emmitters.

Intervention levels for food

After the Chernobyl accident, derived intervention levels for radioactivity in food were
implemented. The levels used in Norway are the same as those which apply in the Euro-
pcan Union. The derived intervention levels are 370 Bq/kg for milk and infant food, and
600 Bq /kg for all other foodstuffs concerning the nuclides 37Cs and '**Cs. In Norway
national levels which differed from those in the Eurpocan Union were applied for reindeer
meat, game and wild freshwater fish and are at present 3000 Bq/kg. The highest uptake
of radiocacsium after the Chernobyl accident was observed in the terrestrial environment
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and in freshwater fish. The uptake of radionuclides by marine biota shows much lower
valucs.

For futurc accidents which may include other nuclides in the fallout, a nordic model
tor respons has been developed. In this model one would after the initial phase implement
derived intervention levels which are:

e 1000 Bq/kg for the sum of all low energy bera emitting isotopes such as '** Cs and
137Cs in all foodstufts exept milk and infant food.

e 100 Bg/kg for the sum of *Sr and corresponding radionuclides in all foodstufts.

e 100 Bq/kg for the sum of ¥Sr, 31T and corresponding radionuclides in milk and
infant food.

L ]

10 Bq/kg for the sum of 2¥Pu, *'Am, and corresponding radionuclides (actinides)
in all foodstuffs cxept milk and infant food in which itis 1 Bq/kg.




Sources of radioactive contamination

Introduction

The marine cnvironment of the North Atlantic Ocean is contamined with radionuclides
from thrce main sources: Fall-out from the atmospheric bomb tests during the fiftics and
the sixties, fall-out from the Chernobyl accident in 1986, and from radioactivity discharged
into the sea from various nuclear installations. The marine environment may also receive
radioactive contamination through run off from contaminated land arcas.

Of the various contaminants, the most important long lived radionuclides are *"Sr,
137Cs 232%0Pu. As opposed to strontium and cacsium which behave almost conservatively
in sea water, plutonium is strongly attached to the sediments (Smith ct.al. 1994), thus
strontium and caesium will be spread by the ocean currents, whereas plutonium mainly will
be found near the source and is spread very slowly.

The two main sources of radiocacsium, strontium and plutonium discharged to the
North Atlantic are the reprocessing facilities in Scllaficld, UK and La Haguc in France. The
releases from Scllaficld being up to a factor of 40 higher than from La Hague. When disre-
garding tritium, the releases from Sellaficld have steadily decreased after peaking in the
mid-seventics.

In 1986, the Chernobyl accident took place and the Northern Seas received contami-
nation, cither as dircct fall-out, or as run-off from contaminated land areas. As opposed to
the bomb tests fall-out and the discharge from nuclear installations, the Chernobyl fall-out
mainly occured as one single pulsc. The Chernobyl fall-out detectable in the North Sea, the
Norwegian Sea and the Barents Sea today, mainly consists of the run-off from contami-
nated land areas(A. Arkrog, 1989). Approximately 30% of the '*’Cs in the surface waters of
the southern Barents Sea seems to have originated from the Chernobyl accident (Strand et.
al 1994).

In 1989, the estimated inventories of radionuclides in the North Atlantic were as follows
(A.Aarkrog, 1989):
137Cs: 150 PBq from global fallout (1PBq=10'* Bq)
30 PBq from nuclear reprocessing
20 PBq from the Chernobyl accident
70Sr 100 PBq from global fallout
5 PBq from nuclear reprocessing
239.40py 3 PBq from global fallout

Other sources

In addition to the radioactivity already released in the environment, there are a number of
locations where there exist potential risk for radioactive material beeing released to the
environment or where lesser amounts of radioactive materials are beeing released to the
environment. These relcases may take place within a shorter or longer time frame. This is
nota complete overview of the potential sources of radioactive contamination to the
northem scas, but should give a general picture of the situation.

Dumping of nuclear waste
From 1959 until 1991, the Russian Navy and the Russian ice-breaker fleet dumped nuclear
waste in the Northern scas on a number of occations. The dumped waste ranged from low
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level liquid waste to highly
active spent nuclear fuel. The
total activity dumped in the
Kara Sca was estimated to be
in the order of 90 PBq «*Sr
equivalents», the major part
being *Srand ¥7Cs. In
addition, in the order of 450
TBq (ITBq=10'?Bq) of
liquid wastec and 1,5 TBq
solid wastc have been dum-
ped in dedicated arcas of the
Barents Sca (Figure 1)
(Yablokov ¢t.al. 1993).
Under the TAEAs Inter-
national Arctic Seas Assess-
ment Programme (IASAP) o .
work is being done to more Fzgztre 1The dumpmg m'msﬁzr liguid waste in the Barents Sea and the
prcciscly estimate the dumping areas for solid waste in the Kara Sea and along the cast coast of
amounts of differcnt radio- ~ Novaje Zimnlys aze shown.
nuclides in the dumped nuclear fuel and to assess the potential future consequences of the
dumping. So far, the cstimates of the Yablokov report scem to be too high. This is mainly
caused by an overestimation of the burn up of the fucl. This work is still not finished and
no better estimates are yet available.
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Bases for the nuclear fleets

Along the coast of the Kola Peninsula, the Russian northern fleet, as well as the civilian
Russian ice-breaker fleet have their main bases (Figure 2). At some of these sites, nuclear
fucl is handled; refilled and stored. Both the actual handling of nuclear devices, and the
storage of spent nuclear fuel and other types of radioactive materials posc a potential
threat of radioactive contamination of the Arctic environment.

At present, approximately 80 - 90 nuclear powered submarines arc opcrating from
the marine bases along the northern coast of the Kola Peninsula. In addition to the sub-
marines, two nuclear powered cruisers, scven nuclear powered ice-breakers and one
containership have their bases in Murmansk. As most vessels have two and some have
one reactor, the number of reactors in operation is in the order of 200.

In addition to the operating vessels, approximately 70 decommisioned nuclear sub-
marines are laid up at the naval bases in this area. As some vessels have one, but most of
them have two reactors, approximatcly 140 rcactors are present in the decommissioned
vessels.

River transport

The rivers Ob and Yeniscy drain large arcas of Northern Russia. Within their drainage
areas, several nuclear installations are located. On a number of occasions, radioactivity
has been released to the environment within these arcas. This includes global fall-out as
well as discharges from nuclear installations and accidental releases.

For the Yenisey, the main source is the previous releases from the nuclear installa-
tion at Krasnoyarsk. For the Ob, the main sources are discharges and accidental releases
from the reprocessing and plutonium production facilities at the Siberian Chemical
Plant, Tomsk - 7 and Majak. It is difficult to estimate the impact on the oceans from
these sources, especially prior to 1961 as data in the open literature are inconsistent.
Based on observations carried out by the Russian organization Roshydromet during
1961 - 1989, in the order of 1 PBq ?**Srand 0.1 PBq '37Cs have been transported to the
Kara Sea by these two rivers. As there isa net inflow of water from the Barents to the
Kara Sea, one should cxpect only minor amounts of the activity in the Kara Sea water to
be transferred to the Barents Sea.(JRNEG, 1993, Pavlov, 1993, Ostlund, 1993)

In addition to the radionuclides transported by the Ob and Yenisey, approximately
200 TBq of *°Sr and 20 TBq of '37Cs have been transported to the Barents Sea by the
rivers Pechora, Onega and Severnaya Dvina.(Vakulovsky, 1993)

Komsomolets

In 1989, the Sovict nuclear submarine Komsomolets caught fire and sunk south east of
the Bear Island. The submarine contained a nuclear reactor and nuclear warheads. Ac-
cording to Yablokov et al in 1993, the main activity in the rcactor consists of approxi-
mately 1.6 PBq °°Sr and 2.0 PBq '¥Cs. The nuclear warheads contain altogether ap-
proximately 15 TBq ?¥Pu.

The Institute of Marine Rescarch has performed model analyses of the transport of
radionuclides from Komsomolets. The conclution of that work is that the mobile radio-
nuclides (i.e. '¥Cs and °Sr) released from Komsomolets are supposed to mix slowly with
the water masses of the deeper part of the Norwegian Sca. Due to the ocean currents,
the radionuclides will reach the biological active layers in the southern of the Atlantic
Ocean in some hundred years. Until then, the radioactive decay of '3Cs aind *Sr will
cause a substantial decrease in their activity (JRNEG 1993, Sztre 1994).
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Nuclear Power Plants

As the Chernobyl accident clearly demonstrated, accidents in nuclear power plants (NPPs)
may influence areas remote from their location. A number of NPPs are situated in north
Europe. Anyhow, the NPP situated in Polyarny Zori at Kola is the only one situated within
the Arctic areas. An accident at this NPP may cause severe radioactive contamination di-
rectly into the Arctic environment.

Thule accident

In 1968 an US B-52 bomber crashed on the ice near Thule airport in Greenland. During
the crash, four nuclear weapons carried aboard were ruptured causing the rclease of
239240Pyu, When disregarding the plutonium recovered immediately after the accident,
approximately 1 TBq of 2¥2%0Pu was released to the environment. Anyhow, this plutonium
has only undergone a minimal disperson and does not represent any significant source of
radioactivity (Smith et. al. 1994).

Lighthouses

Since the middle of the sixties, approximately 130 lighthouses powered by a strong *'Sr
source have been built along the coast of the Kola Peninsula and Novaja Zemlya. Each
source contains betwecn 2000 and 10000 TBq *°Sr. There is not much information avail-
able on the state of these lighthouses or the handling of the sources (JRNEG, 1993).




Methods

Collection and treatment of samnples

Samples of fish and seafood

The fish and prawn samples in the surveillance program are collecred by the Divectorate of
Fisheries at locations where commersial fishing is going on. The Norwegian Food Control
Authority have bought fillets from local fish processing factories as these would best repre-
sent what is actually consumed by the public. From the fillets, the thickest parts were used
for the measurements. Minke whale samples were taken from the research hunt in 1992.
For all samples, the date and location of the catch were registered.

Seaweed and seawater samples
Samples of the brown scaweed bladder wrack ( Fascus vesiculosus) have been collected from 10
locations along the Norwegian coast from the Russian border in the north to the Swedish
border in the south. The sampling has taken place in August or September. All the scaweed
plants taken were firmly rooted to the rock or large stones in the middle of their zone of
growth in the tidal area. Simultancously, 0.5 litres of scawater was collected to determine the
salinity of the water. The plants were well shaken to get rid of sea water and shells,

At the same time and location, a larger sample of water was taken for measurement of
radionuclides.

Analytical procedures

Analysis of gamma emitters

The samples of fish and scaweed measured at IFE were dried at 105°C and homogenised

prior to gamma measurements. Fish bones and fish meat measured at NRPA were ashed

at 750°C. Whale meat was not dried before measurements. Samples of 25 litres of seawa-
ter were cvaporated at low temperature for measurements in 1 litre Marinelli beakers.

All samples were subjected to gamma spectrometry using various high resolution HPGe
(high purity germanium) detectors (resolution in the range of 1.7-2.0 keV, relative efficiencies
in the range of 30-55%). The counting times varied from two to several days. This method
gives a limit of detection of approximately 0.05 Bq/kg wet weight.

Analysis of radiocaesium using Nal detectors

The laboratory of the Directorate of Fisherics in Tromsg and a number of local food
control authorities are equipped with Canberra series 10 portable multichannel analysers
with 3" Nal-detectors (resolution of approximately 7%, cfficiency of approximately 5%).
This cquipment is used for routine analyses of food. During this investigation, fresh fish
fillets were measured. Approximately 200 g is cut to small pieces and transferred to the
measuring beaker. The measuring procedure gives a detection limit of approximately 20
Bq/kg wet weight. The counting time was in the order of 2-3 hours. Due to the effi-
ciency and theoretical detection limit, longer counting times are not adequate.

Analysis of beta emitters

For analysis of *°Sr, #8r spike and Sr-carrier were added to the samples. Then the carbon-
ate precipitate from 50 litres of water or the solution after acid leaching of ashed samples
were subjected to radiochemical separation. Radionuclides interfering with the *°Sr deter-
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mination were removed with hydroxides and chromate precipitations. After the %Sr - 90y
equilibrium was attained, yttriumcarrier was added and the *°Y was precipitated as hydrox-
1de and converted to oxalate for counting.

The counting samples were measured by low background anticoincidence beta
counters (Riso type, background 15 pulses/hour, efficiency 55%). The chemical yields
were determined by 338r spike and titration with EDTA.

Analysis of alpha emitters O
The precipitate from 50 litres of water samples, or aqua regia extracts from 10 g of ashed

scaweed or fish were subjected to alpha analysis. After addition of ##2Pu, plutonium was |
scparated by extraction with a 10% TIOA /Xylene solution. Then, plutonium was backext- .
racted from the organic phasc into 8N HCI, and separated by ion exchange chromatography.

After electrodeposition on stainless steel discs, 23¥Pu, #92¥%Puand 2*2Pu were measured by
semiconductorsilicon detectors (Chen ctal., 1991).




Results

Measurements

During 1993 and 1994, a large number of fish samples have been measured. Five different
scries of analyses have been performed. The laboratory of the Directorate of Fisheries in
Tromse have performed measurements using Nal detectors. This equipment allows mea-
surcments of '¥Cs with a minimal preparation of the sample but a relatively high limit of
detection. Under the monitoring programme “Radioactivity in marinc fish” by SNT, local
food control authoritics in Hammerfest, Tromsg and Bode have performed the same type
of measurecments. At NRPA in Bxrum and Svanvik, and at IFE, mecasurements of 1¥Cs are
performed using HPGe detectors. With a more claborate preparation of the sample, a limit
of detection for this nuclide of approximately 0.05 Bq/kg wet weight is reached. Both IFE
and NRPA have performed radiochemical analyses of plutonium. IFE has also performed
radiochemical analyses of ?9Sr under this programme.

Radioactivity levels in fish and seafood

Fish

Samples have been measured \g;:‘?j‘::??{ .

for '¥Cs and other artificial {{{{:}@ﬂiﬂ

gamma cmitting nuclides us- {3‘;‘}&?’3&%33

ing HPGe detectors. In one 2o :

single sample from Skager- - ‘Barents Sea
rak, some '¥*Cs was found, '
in all other samples, 137Cs :

was the only artificial radio-
nuclide detected. The levels
of ¥7Cs for single samples
varied from 0.2 to 3.2 Bq/
kg wet weight. Compared to
levels of 137Cs in sea fish
from some of the other
North European fishing ar-
cas, these levels arc low.
(Figure 6 and Table 5) See
figure 3 for catchment loca-
tions of the samples.

In 1993 50 samples and
in 1994 300 samples of
single cod from the Barents

Norwegian Sea

and Norwegian Sea were , North Sea -

measured at the Directorate ¥ -

of Fisherics using Nal detec- oFen

tors. Approximately 130 o Fish- Nal

samples of various fish spe- p | Prawns P :

cies and were also measured. Fzgm‘c 3 Appmwmto catchument lacattons of samplcs measuved wnder the
The local food control national surveillance programme




Radioactivity in the marine environment

Table 1 Measured wet weight concentrations of various artificial radioisotopes in marine fish. All mensuvements
are in B /by wet weight

Specics Location Year 137Cs 908y 239.240py 1

Cod Barents Sea Nov - 92 0.7+0.3 0.11+0.05 0.0013+0.0004
Cod More Nov - 92 1.720.3 0.28:0.07 0.0012+0.0004
Cod Skagerrak Nov - 92 1.640.2 0.06+0.03 0.0010+0.0002
Cod North Sea Nov-93 | 0.30:£0.02 n.m n.m

Cod Norwegian Sca Nov-93 | 0.23:0.01 n.m n.m

Cod Barents Sca Nov - 93 0.45+0.02 n.m n.m

Fish bones variouslocations | Nov - 93 0.28+0.01 0.5+0.1 n.m

Cod? Barents Sea Nov-93 | 0.8:0.7 n.m <0.0002}

Cod Skagerrak Jan - 94 1.09£0.04 n.m n.m

Herring®  Saltfjorden April -94 | 0.6:0.08 n.m n.m

Halibut? Andaya June-94 | 0.70+£0.06 n.m n.m

Cod Norwegian Sea | Sept-94 | 0.23:0.06 n.m n.m

Cod Barents Sea Sept-94 | 0.51+0.06 n.m n.m

Haddock! Finnmark Oct - 94 0.3+0.06 n.m n.m

Haddock'  Saltfjorden Oct- 94 0.7:0.1 n.m n.m

Cod!* Finnmark Oct - 94 0.7+0.07 n.m n.m

n.m.: Not measured

!'Tu all the samples measured for plutonium, the level of 2%¥Pu fell below the detection fimit

?Theresult given for this sample is the average of measurernents of 11 measurements on single fish. The
uncertanity given is the standard devation of the measurements. All other samples are pooled samples and the
uncertanity given is the uncertanity in the measurement

#For all the fish, the measured level of all plutonium isotopes fell belov the detection level. The highest
detection limit was 0.2 mBq/kg for 239%0Py

*These samples are collected and measured under the SNT monitoring programme “Radioactivity in Marine
Fish?

authorities have measured approximately 75 samples of various fish species in 1993 and 600
sanples in 1994 using this equipment. All these samples fell below the detection limit of the
cquipment, 20 Bq/kg. These results confirm the results obtained using HPGe, but due to
the high limit of detection, no further information is obtained about the distribution of
137Cs in the areas where the samples are colleceted.

Some mixed fish samples have been analysed for ®°Sr and 2¥24%Pu. Levels of °°Sr be-
tween 0.06 and 0.28 Bq/kg were found in fish meat. A bone sample was measured to
0.5 Bq *Sr/kg. The plutonium levels were found to be down to the mBq/kg level; the
highest value being found in fish from the Barents Sea with 1.3 mBq/kg of 239240Pu.

Other seafood
Twenty-one samples of minke whales caught along the coasts of Finnmark and the Kola
Peninsula (figure 3) were measured for gamma emitting isotopes using HPGe detectors.
The samples were measured to values ranging from 0.90 to 5.93 Bq/kg of '37Cs. See Table
2 for average values at each location. No other artificial radioisotopes were identified.

One single sample of meat of prawns from the Norwegian Sew was measured for
gamma emitting isotopes using HPGe detector. The only artificial radioisotope found, was
137Cs: 0.18+0.01 Bq/kg wet weight. The Directorate of Fisheries and the Food Control

Table 2 Levels of ' Cs found in whale meat, 1992, All munbers in Bg/ky wet weight

Location 137Cs No. of samples Location 137 * No of samples
Finnmark West 3.4+2.5 4 Kola West 1.4:0.2 2
Finnmark East 0.9£0.3 3 Kola East 1.3+0.2 9

Kola , 1.0£0.2 3

The numbers given are average values for each catchment location. The uncertanity is much lower for single
samples. ,
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Authorities in Bodg have measured respectively 19 and 13 samples of prawns using Nal
detectors. None of these samples contained amounts ot '¥7Cs above the detection limit.,

Levels of radioactivity in seawater and seaweed
Scawced along the Norwegian coast has
been collected every year since 1980. The
collection locations are shown in Figure 5. 8
Grense Jakobsclv, Vadse, Senja and Vagsay
have not been parts of the routine collec-
tion. The concentration of radiocaesium and
¢9Co has decreased steadily since 1981, with
the exception of the input from fallout from

10,

Ba/kg (wet weight)

the Chernobyl accident in 1986 (Figure 4). 2r
The samples have been analysed for all
artificial gammacmitting radionuclides. On B R T R T T I T T

some sclected samples, radiochemical ana-
lyses of P°Sr and plutoniumisotopes have
been performed.

Year
Figure 4 Levels of '9Cs in bladder wrack at Vardo

Seaweed

When measuring the scaweed samples using HPGe detectors, 137Cs and to lesser extent,
60Co and '*Cs arc the artificial radionuclides detected. The concentration of *3Cs varied in
1993 between 0.78 Bq/kg at Ingay and 9.39 Bq/kg at Hvaler. The Hvaler saniple was
also the only sample with '*Cs levels above the detection limit. In 1993 the maximum
concentration of *°Co found was 0.8 Bq/kg at Tjeme. In all the three samples analysed,
998r was detected. The concentrations varied between 1 and 2 Bq/kg. The concentration of
239.240py varied between 0.08 and 0.15 Bq/kg with the highest values along the southern
coast of Norway and the lowest value along the coast of Finnmark. In nonce of the samples
analysed for plutonium was 2*Pu found. The results are presented in Table 3 and Figure 5.

Table 3 Levels of various artificial vadionuclides in bladdey wrack, dyy weight

Salinity (%o)| *’Co 134Cs 1¥7Cs MSr 239.240py,
Vardo 339 <0.3 <0.09 1.20£0.07 nm n.m
Ingoy 34.5 0.4x0.1 <0.16 0.78:0.06 1.4x0.2 0.08+0.02
Vestvigoy 33.8 0.5+0.1 <0.13 0.78:£0.08 n.m n.m
Vikna 30.8 <0.5 <0.17 1.95:0.17 nm n.m
Bud 28.8 0.3+0.1 <0.11 1.39:0.07 1.0x0.1 0.14+0.04
Utsira 30.7 0.5£0.1 <0.25 2.47£0.10 nm n.m
Lista 325 0.4£0.2 <0.16 1.93:0.09 nm n.m
Tromeya  27.3 0.5+0.3 <0.44 2.66:0.2] nm n.m
Tjome 227 0.8£0.2 <0.33 3.72£0.21 2.1+0.3 0.15:0.04
Hvaler 15.0 <0.5 1.11£0.29 9.39:0.25 n.m n.m

1n.m.: not measured

Table 4 Levels of artificial radionuclides found in seawater

23‘),24017“ 6()Co l.‘HCS 137CS
Ingoy 0,0008+0,0002 < 0,006 < 0,001 0,0078+0,0017
Vestvidgoy  b.ld < 0,003 < 0,002 0,0076+0,0013
Vikna b.l.d < 0,004 < 0,002 0,0079+0,0011
Hvaler n.m ‘ n.m n.m 0,036+0,008

1.m: not measured; b.l.d: below limit of detection
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Seawater

Seawater samples from
Ingpy, Vestvigey and Vikna
(Figure 5) have been ana-
lysed for gamma emitters
using HPGe and radio-
chemically for *Sr and
plutoniumisotopes. The only
artificial gamma emitting
isotope found was '3’Cs at
values of approximately 8
mBgq/1. There was no sig-
nificant difference between
these sampling locations. In
addition, Oceanographic
Company of Norway
(OCEANOR) has collected
samples outside Hvaler in
the Oslo Fjord. These sam-
ples are analysed by IFE for
137Cs, and significantly
higher levels were found
compared to the samples
from Ingey, Vestvigoy and
Vikna (Table 4).

The levels of %7 Cs in seaweed are indicated

Comparison to other areas
When the radioactive contamination in marine food from thc North-European waters is
considered, two different situations are seen. In the Irish and the Baltic Seas, high levels are
found. These two areas are directly influenced by two of the most important sources of
radioactive contamination to the Northern Seas, the Sellafield reprocessing plant and run-
off from arcas contaminated during the Chernobyl accident, respectively. In more open
areas, dilution with water from the Atlantic Occan gives lower levels. When comparing
137Cs in cod samples from the two different areas, levels up to approximately 20 Bq/kg are
found in the Irish and Baltic Seas. In the open seas, such as the North Sea and the Barents
Sea, levels of around 1 Bq/kg or less are found (Table 5 and Figure 6). (MAFF, 1993; This
paper)

It has been difficult to find comparable data for the concentration of radionuclides in
scawater from different areas. The concentrations in marine biota docs is not just propor-

Table 5 Wet weight Levels of "7 Cs én cod from different areas

Location 137Cs (Bq/kg) Reference
Barents Sea 0.7 This paper
Norwegian Sea 0.5 This paper
North Sea 0.3 This paper
Icelandic area 0.3 MAFF, 1993
Skagerak 1.1 This paper
Baltic Sea 21 MAFF, 1993
Irish Sea, Scllaficld 19 . MAFF, 1993
Irish Sea 6.4 MAFF, 1993
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tional to the concentration in the water, as the uptake of different species depends on the
propertics of the water, especially the salinity. For scaweed, the concentration factor

-1 -3 1 ~ N 3 Ffere M
(Ba-kg™,.  ecd/ BQm® ) 18 known to vary as much as a factor of 10 in different arcas in
the North Atlantic Occan. The trend is for higher concentration factors at lower salinitics
and lower temperatures (Jones, 1989).

iy ARt WY gttt R A e
Figure 6 Levels of 7 Cs in cod from different locations (MAFF, 1993; this paper)
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Conclusions

The levels of radioactive contamination in food from the marine ccosystem are low and
pose an insignificant risk for the health of the consumers. Compared to the international
general limits of intervention for food products, the levels of approximately 1 Bq/kg
found in marine food from the Norwegian fishing arcas are negligible.

The present level of radioactive contamination in the marine ccosystem is low, and the
general levels of ¥Cs and *Srin scawater are decreasing due to reduced discharges from
Scllafield and La Hague. Even so, it is important to continuously monitor the situation to
be able to demonstrate the actual levels of the marine environment and to be able to carly
observe any increases in the contamination level from new sources or increased releases
from the known sources, so that the appropriate countermeasures may be taken.
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