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1 Introduction

The issue of present and potential radioactive
contamination in the marine environment has
received considerable attention in Norway in
recent years. In the late 1980s several accidents
and incidents involving nuclear-powered
submarines, demonstrated that the risk of the
release of radionuclides into the Barents Sea
should be considered more carefully. In
particular, it became evident that better
documentation concerning the radioactivity
levels in fish and other seafood was important
for the seafood export industries. Furthermore,
in the early 1990s, information concerning the
dumping of nuclear waste emerged through
bilateral environmental cooperation between
Norway and Russia. In the years that followed,
concern grew regarding the safety of military
and civil nuclear installations in the northwest
of Russia. This concern was associated not
only with possible reactor accidents, but also
with the prolonged or sudden release of radio-
nuclides from radioactive waste facilities.

In addition to the potential threats outlined
above, radionuclides originating from nuclear
weapons fallout, the Chernobyl accident and
waste discharged from European reprocessing
facilities have been detected in the Norwegian
marine environment. In 1994 and 1995, the
discharge of *Tc from the reprocessing facility
at Sellafield in the UK increased sharply, and
although this discharge has been reduced, it
continued at a high level up to 2003. The
discharge of **Tc was substantially reduced in
2004, but it takes 3-4 years before this is
observable in Norwegian waters. There has
been much public concern about the
consequences of such kinds of release, as the
radionuclides discharged to the Irish Sea are
transported by ocean currents via the North
Sea into the Norwegian coastal current and to
the Barents Sea. In response to this concern,
programmes for the monitoring of radioactivity
in the marine environment have been
established. Due to the economic importance
of the fishing industry and its vulnerability to
contamination, as well as any rumours of
radioactive contamination, one of the main
objectives of these programmes is to document
levels and trends of radionuclides in the
Norwegian marine environment.

Other industrial activities, such as mining and
oil production, may change the distribution of
naturally occurring radionuclides in the
environment. The discharge of radium from
water produced by oil installations is one area
that has recently received special attention.

The marine monitoring programme (RAME) is
funded by the Ministry of the Environment and
focus on monitoring of radioactivity both in
coastal areas and in the open sea. The marine
monitoring programme also includes the
compilation of discharge data from Norwegian
sources, in addition to the collection of
discharge data relevant for the long-range
transport of radionuclides from various
sources. Liquid discharge data for 2007 from
nuclear installations and recent trends in such
discharges are summarised in Chapter 2.

During 2007, samples for monitoring
radioactivity in the marine environment were
collected mainly in the North Sea and at
permanent coastal stations along the
Norwegian coastline. Results from the analysis
of these samples are presented in Chapters 4
and 5. In Chapter 6, a summary of the findings
and the conclusions is given. In the Appendix,
technical information regarding sample
preparation techniques and analytical methods
employed in the laboratories are presented.



2 Sources of
radionuclides in the
marine environment

This chapter provides updated information and
an overview of radionuclide discharges and
other sources that are relevant to the
Norwegian  marine  environment.  The
collection and updating of this information is
an integral part of the marine monitoring
programme RAME (Radioactivity in the
Marine Environment), the main purpose of
which is to present recent trends in
radionuclide discharges and other sources of
radioactivity in the marine environment.
Information on discharges from Norwegian
sources and on long-range transport of
radionuclides from various distant sources is
included. Anthropogenic radionuclides are
discharged from the nuclear facilities of the
Institute for Energy Technology, IFE Kjeller
and IFE Halden. Discharges from these
facilities are authorised by the NRPA.
Unsealed radioactive materials used in
medicine and science will primarily be
released to the marine environment via sewage
treatment plants. The utilisation of such
unsealed sources is regulated through
guidelines issued by the NRPA.

In recent years, increased attention has been
devoted to releases containing elevated levels
of naturally occurring radionuclides. Such
releases may occur in connection with offshore
oil production and, probably, leaching of mine
tailings.

The discharge of radionuclides from
Norwegian sources is only detectable in the
local environment, near the discharge point.
The long-range transport of radionuclides
originating from fallout from atmospheric
nuclear weapons tests (conducted mainly in the
1950s and 1960s), the Chernobyl accident in
1986 and from reprocessing of nuclear fuel are
still the main contributors to the general levels
of anthropogenic radionuclides found in
Norwegian waters.

2.1 Discharges of
anthropogenic
radionuclides from
Norwegian sources

2.1.1 IFE Kjeller and GE Healthcare

IFE Kjeller is located about 20 km east of
Oslo. The facilities include a heavy-water-
cooled and moderated research reactor with a
thermal effect of 2 MW, called JEEP II, a
metallurgical laboratory, production facilities
for medical radioactive isotopes, and a
radioactive waste treatment plant for low-level
and intermediate-level waste (LLW and ILW).
The liquid LLW originates from these
facilities. Liquid effluent is discharged through
a designated pipeline to the River Nitelva
about 100 km from the sea. The river empties
into Lake Oyeren where the water is mixed
with the water from the Glomma River. The
River Glomma empties into the Oslofjord at
the city of Fredrikstad.

A plant manufacturing radiopharmaceutical
products, managed by the private company GE
Healthcare  (former Amersham  Health),
operates in close collaboration with IFE
Kjeller.  Authorisation for IFE Kjeller
discharges also includes the discharge from
this production facility.



Table 2.1. Liquid discharges (MBgq) from IFE
Kjeller (IFE 2008a; IFE 2007a; IFE 2006a; IFE,
2005a; IFE, 2004a), 2003-2007 (including GE
Healthcare).

Nuclide 2003 2004 2005 2006 2007

2TAm 0.005  0.003  0.03 0.006 0.007

1248b <0.2 <0.1 <0.1 <0.3 <0.2
1258h 2.7 0.075 <07 0.7 <0.7
e 3.3 1.1 0.054 2.7 <13
B4cs 1.2 0.35 0.08 5.3 0.5
B3¢ 22 7.9 0.51 53.6 9.5
H 2.810° 2.910° 4.1-10° 1.43-10° 4.99-10°
YFe <0.2 <0.3 <0.2 <0.5 <0.3
1251 540 327 50 42.8 44.1
B 15 27 39 42 2.0
8Co 0.26 <0.1 <0.1 <0.3 <0.2
®cCo 55 24 6.7 74 71.7
Sler <0.6 <2 <1.3 <0.9 <0.5
*Mn <0.2 <0.2 <0.2 <0.4 <0.3
%Nb 0.42 <0.06 <0.1 0.04 <0.1
38py 0.002  0.01 0.007  0.003 0.002
B9240py - 0.034  0.15 0.15 0.04 0.07
%Ry 0.14 0.10 <0.3 0.02 <0.1
06Ru 2.0 <4 <2.2 <2.6 <2.0
gy 0.33 2.6 0.34 1.2 0.50
Hompo 21 0.089 1.2 0.4 0.05
%7n 0.27 0.1 8.4 <0.9 <0.7
S7r 0.14 <0.2 <0.2 <0.5 <0.2
2Na - - - - 0.56

The discharge limit authorised by the NRPA is
based on the annual dose to any member of a
critical group of the population along the River
Nitelva, and shall not exceed 1 uSv. Each year,
IFE Kjeller reports discharge data, the results
of their environmental monitoring programme
and calculations of effective doses resulting
from discharges to NRPA. The reported
discharges for the period 2003-2007 are
summarised in Table 2.1.

Table 2.2. Effective doses (uSv) to any member of
the critical group from river water exposure
pathways as reported by IFE Kjeller (IFE 2008a;
IFE 2007a; IFE 2006a; IFE, 2005a; IFE 2004a).

2003 2004 2005 2006 2007

0.17 0.07 0.02 0.48 0.09

Effective doses have been calculated by IFE
for an individual in the hypothetical critical
group  exposed  through  the  annual
consumption of 20 kg of fish from the river
and 100 hours per year presence on the
riverbanks. In 2007, the calculated effective
dose to this critical group was 0.09 pSv,
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corresponding to 9 % of the annual dose limit
of 1 uSv. The effective dose to the critical
group varies, as can be seen in Table 2.2,
corresponding to between 2 and 48 % of the
dose limit, with an average of 17 % for the
period 2003-2007.

2.1.2 IFE Halden

The Halden Boiling Water Reactor (HBWR) is
located in the town of Halden, in the southeast
of Norway, close to the Swedish border. The
HBWR is heavy-water-cooled and moderated
with a thermal effect of 20 MW. The reactor
was commissioned in 1959.

IFE Halden is authorised to discharge a limited
amount of radioactivity from the research
reactor to the River Tista (which empties into
the Iddefjord). The discharge limit for liquid
waste to the marine environment is based on a
dose limit of 1 uSv per year to a hypothetical
critical group, and the actual annual discharge
is typically 1.5-3 % of the authorised limit.
Liquid discharges in the period 2003-2007, and
the corresponding doses to the critical group
are presented in Tables 2.3 and 2.4.

Table 2.3. Liquid discharge (MBgq) from IFE
Halden, 2003 - 2007 (IFE 2008b, IFE 2007b; IFE
2006b; IFE, 2005b, IFE, 2004b).

Nuclide 2003 2004 2005 2006 2007

125b - - 0.003 - 0.0093
1255b 0.06 0.002  0.037  0.0064 0.023
Mlce 0.29 0.68 0.61 0.25 1.5
Hce 3.2 16 8.8 3.0 17
Bics 8.8 8.0 18 25 29
137Cs 130 70 130 190 240
’H 2.7-10° 5.410° 53-10° 3.0-10° 9.810°
PFe - 0.75 0.88 - 0.55
1311 3.6 0.68 0.42 21 1.8
109¢d 0.016 - - - 0.13
8Co 3.3 8.7 41 4.0 3.6
“cCo 62 68 99 86 49
Sicr 130 210 180 240 25
*Mn 0.18 0.73 25 1.1 0.45
Mn - 2.8 - -

%Nb 8.5 11 12 8.3 12
103Ru 0.17 0.45 0.42 0.16 0.86
106Ru - - - - 2.6
gy 3.3 2.1 4.9 4.4 6.8
Homag 0.17 0.001  0.94 0.21 32
37r 3.3 49 5.3 3.8 4.8




6.2.4 Plutonium-239+240 and
americium-241 in seawater

Observed levels of *°***Pu in the North Sea
and the Skagerrak in 2007 ranged from 2.9 to
46.7 mBq m~, where the highest level was
found off the coast of Scotland. The observed
levels of 2*?*°Pu in 2007 are similar to those
found in the same area in 2001, 2004 and
2005.

The activity concentration of **Am in
seawater from the North Sea and the Skagerrak
ranged from 1.4 to 11.7 mBq m”. This is
similar to what was observed in 2004 in the
same area.

6.3 Radioactivity in biota

6.3.1 Technetium-99 in seaweed
Samples of Fucus vesiculosus sampled at the
permanent coastal stations showed activity
concentrations in the range 45 to 146 Bq kg
(d.w.). For most stations the levels were
similar or slightly lower in 2007 compared to
observed levels in the period 2002 - 2006. The
levels in 2007 are however significantly lower
than the peak values observed in the period
1999-2001. Monthly sampling at Hillesay and
Utsira show that the levels of *’Tc in seaweed
are now decreasing due to the reduced
discharge of *Tc from Sellafield since 2004.

6.3.2 Caesium-137 in seaweed

The activity concentration of *'Cs in Fucus.
Vesiculosus sampled at the coastal stations was
in the range from < 0.2 to 4.3 Bq kg (d.w.),
where the highest levels were found at Hvaler
in the southern part of Norway. Data from
monthly sampling at Utsira indicates that the
levels of "'Cs in seaweed are slowly
decreasing.

6.3.3 Caesium-137 in fish

Different species of fish and, commercially
important and others, have been sampled in the
Barents Sea and selected fjords. The activity
concentration of *’Cs in fish from Norwegian
marine waters is generally low. All analysed
samples were below 0.6 Bq kg (w.w.).

6.3.4 Technetium-99 in crustaceans

Samples of lobster have been collected near
Sandeya in the southern part of Norway since
2003. Average activity concentration of **Tc in
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male and female lobster tail muscle in 2007
was 1.3 Bq kg w.w. and 5.8 Bq kg w.w.,
respectively. The levels of *Tc in lobster have
decreased since 2003 due to the reduced
discharges at Sellafield.
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Appendix

Analytical methods

During recent years, laboratories at the
Norwegian Radiation Protection Authority,
and the Institute of Marine Research have both
been accredited according to the requirements
of NS-EN ISO/IEC 17025. Laboratories and
organisations that are not named here have not
been accredited according to the requirements
of NS-EN ISO/IEC 17025. The scope and
conditions governing the accreditation of the
institutes mentioned above are quite different,
but they have all been accredited for gamma
spectrometric measurements. For example, the
NRPA is accredited for gamma spectrometric
measurements in the energy interval 100-1800
keV  (except **®Ra), while the other
organisations are accredited for gamma
spectrometric measurements of *'Cs. The
analytical techniques employed at each
institution are described below. The results in
this report are not claimed to be accredited
results as not all results are accredited.

The Norwegian Radiation
Protection Authority (NRPA)
NRPA analyses alpha, beta and gamma
emitters, using the procedures described in this
Appendix.

Determination of 99Tc activity

To determine the activity concentration of *Tc
in seawater, samples of 50 litres were filtered
through a 1-micron polypropylene cartridge to
remove suspended particulate matter. Seaweed
and other biota samples were dried, milled and
homogenized. A 10-20 g dried sample was
transferred to a specially designed bottle and
carbonised and then dissolved by adding
concentrated H,SO, followed by HNO:;. ompe
was added to all samples for chemical recovery
determination.

Figure A.1. Fifty litres of seawater is passed
through an ion-exchange column.

The analytical procedure used is a modified
version of that developed by Risg National
Laboratory, Denmark (Chen et al., 2001). The
procedure is outlined briefly below.
Technetium is initially separated from the
matrix by ion-exchange chromatography using
a BIO-RAD AGI-X4 (100-200 mesh) column
(Figure A.1) and separation techniques such as
precipitation and solvent extraction are then
applied before the technetium is -electro-
deposited onto stainless steel discs (Figure
A.2). The chemical yields were determined by
gamma counting of the *™Tc tracer in a Nal
well-type detector. Typically, the radio-
chemical yields varied between 70 % and 85
%. After one week, the *Tc activity was
measured using a low-background anti-
coincidence beta counter (Model Risg GM-25-
5).

Figure A.2. Dried sample material in different
containers ready for gamma measurements. To the
right, *Tc preparations ready for counting.

The limits of detection for 10 g seaweed and
50 1 seawater have been calculated to be
approximately 0.5 Bq kg” (d.w.) and 0.10 Bq
m”, respectively. The limit of detection may
vary slightly owing to variations in chemical
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yield, counting efficiency and the mass of the
sample. The total uncertainty in **Tc analysis
is normally around 10 %.

Detection of gamma emitters

At NRPA analyses of gamma-emitting
nuclides are performed with HPGe detectors.
All the detectors are situated in a low-
background laboratory to ensure low detection
limits. The HPGe detectors have relative
efficiencies in the range of 23 % to 40 %. The
resolution of the detectors, the full width at
half maximum (FWHM) at 1332 keV, was less
than 1.9 keV. Three of the detectors cover the
energy interval 50-2000 keV, and two cover
the interval 20-2000 keV.

Caesium-absorbing filters (sometimes also the
prefilter) from the filtering system for seawater
samples were dried separately at 105°C and
ashed at 450°C before the activity was
determined with an HPGe detector. The
counting time varied from 1 to 4 days.

Samples of seaweed were dried at 105°C and
homogenized, and placed in containers prior to
gamma counting. Sediment samples were
freeze-dried and placed in containers prior to
gamma counting. Samples were counted for a
minimum of 2 days. At NRPA, the detection
limits for "’Cs and "*Cs in the sediment
samples ranged from approximately 0.3-2 Bq
kg (d.w.) Uncertainties in the analysis include
uncertainties ~ from  counting  statistics,
calibration and sample preparation and are
normally in the range 5% to 20%.

The Institute of Marine
Research (IMR)

Detection of gamma emitters

Sediment samples were transported deep-
frozen to IMR, where they were subsequently
ground, freeze-dried, homogenized and
transferred to polyethylene containers of
appropriate size prior to analysis. The gamma
counting for "*’Cs detection was performed in
IMR’s low-background laboratory using a
HPGe detector with 30 % relative efficiency
and an HPGe detector with 60 % relative
efficiency. Both detectors have electric
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cryostat cooling systems, and 10 cm lead
shielding.

Determination of *°Tc

Before the activity concentration of *Tc
can be determined, a radiochemical separation
is necessary. Briefly, rhenium is added as a
yield monitor in the form of KReO,4, and a
preliminary extraction of *Tc (and Re) based
on anion-exchange separation is performed.
After iron hydroxide scavenging, **Tc and Re
are further extracted by a second anion-
exchange and subsequent sulphide
precipitation.  Finally, their tetraphenyl
arsonium salts are isolated. Tc is beta-
counted using a low-background anti-
coincidence beta counter (Model Risg GM-25-
5), and the yield of the rhenium tetraphenyl
arsonium salt is determined gravimetrically.
See Harvey et al. (1992) for a detailed
description of the method.

Institute for Energy
Technology (IFE)

Determination of 99Tc

Samples of dried and homogenized Fucus
vesiculosus were analysed with regard to *Tc
content. The pretreatment was performed at
Kjeller and the analysis at the Department of
Radiation Physics, at Lund University. The
following analytical procedure was used at the
Department of Radiation Physics at Lund
University, Sweden. Technetium was extracted
into tri-butyl-phosphate (TBP) from sulphuric
acid-hydrogen fluoride solution. Technetium
was then back-extracted from the organic
phase with a sodium hydroxide solution from
which the technetium was electrodeposited
onto stainless steel discs, and *"Tc¢ was used
as a radiochemical yield determinant. After
decay of the yield determinant, **Tc was
measured with an anti-coincidence-shielded
GM counter (Holm et al., 1984).

Determination of *°Sr

For *Sr, the standard method using fuming
nitric acid was used. The recovery of *°Sr in
the analytical process was monitored by adding
%Sr as a yield determinant, and the recovery of
the daughter nuclide *’Y was determined by
titration with EDTA (Varskog et al., 1997).
Finally, Y was measured with an anti-
coincidence-shielded GM counter.



Detection of gamma emitters

At IFE analyses of gamma-emitting nuclides
are performed with low-background HPGe
detectors. Samples of seaweed were dried at
105°C and then homogenized, and placed in
suitable containers prior to gamma counting.

Determination of 239*24°Py

Samples of dried and homogenized Fucus
vesiculosus were ashed and treated with aqua
regia before separation of plutonium isotopes.
2Py was used as a tracer for radiochemical
yield determination. The separation process
involved solvent extraction with 10 %
TIOA/Xylene followed by anion exchange on
AG1-X4 columns. The plutonium fraction was
then electrodeposited on a stainless steel disc
and counted using alpha spectrometry.
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