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Executive summary

A Pilot Study has been conducted to examine the changes which have occurred since
the original MARINA Project, in advance of conducting an update. Visits were made
to a limited number of Institutes to talk to key personnel about advances in knowledge
in their particular fields. This was combined with a literature review and discussions
with colleagues at CEFAS.

There have been substantial developments since the completion of MARINA I which
need to be acknowledged in the planning and conduct of the update. These include:

i) changes in discharges from the major nuclear installations of Sellafield and
La  Hague;
ii)  better knowledge of past disposal practises, in particular the dumping of 
waste in the Arctic, and elsewhere on the continental shelf;
iii) the realisation that Irish Sea sediments have become a greater source of 
plutonium and caesium, to the rest of the environment, than the Sellafield 
releases themselves, and that this can be quantified;
iv) increasing awareness of the significance of NORM in industry, and the 
radiological significance of naturally-occurring radionuclides even at normal 
concentrations;
v) the continuing importance of Chernobyl deposition, in particular the supply 
of 137Cs via the Baltic Sea outflow;
vi) improved methodology for carrying out radiological assessments and 
several major assessments in adjacent or overlapping regions;
vii) changes in the pattern of consumption of marine foodstuffs;
viii) developments in radiological protection philosophy;
ix) changes in the international regulatory framework;
x) an acknowledgement that the assessment of environmental effects has to be 
made more explicit and the methodology further improved.

It would be appropriate for the Project Team carrying out the update to contain, or
have access to, expertise in each of the areas described above. A number of specific
recommendations have been made for consideration by DG XI. These are topics which
the author believes warrant further investigation, and the list should not  be regarded
as either definitive or an absolute requirement. The Team carrying out MARINA II
will need to have a clear focus on the objectives and outcome, to avoid spending a
disproportionate effort on pursuing information or activities which are unlikely to have
a significant impact on the final conclusions. The Team should be aware of the many
initiatives which have been conducted, or are still being pursued, concerning
radioactivity in, or adjacent to, the OSPAR region, and critically evaluate those which
are relevant. This will require consultation and  Cupertino which DG XI may wish to
consider when putting together the proposal.
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1. Introduction

This document reports the findings of a scoping study, commissioned by DG XI, to
update the MARINA Project. The original MARINA Project was concerned with ‘The
radiological exposure of the European Community from radioactivity in North
European waters’. It was launched in 1985 and the results were published in 1990
(1). The Project considered: discharges from 72 nuclear installations up to 1984
(extended to 1986 for reprocessing wastes); sea dumping of radioactive waste;
Chernobyl deposition; and naturally-occurring radionuclides. The geographical extent
approximated to that covered by the present OSPAR convention with the addition of
the Baltic Sea. The study involved modelling the environmental transfer of
radionuclides, including sediments and marine foodstuffs, and the estimation of critical
group doses and collective doses to EU Member States’ populations. Work on
MARINA was disrupted by the Chernobyl accident in 1986 which led to a delay in
completion and publication. A seminar was held in Bruges in June 1989 at which the
results of the study, together with supporting investigations, were reported (2).

The rationale for re-visiting MARINA included: the need to account for  the
continuing releases from nuclear establishments; the realisation that remobilisation
from Irish Sea sediments had become a significant source of artificial radionuclides; the
remaining legacy of Chernobyl deposition; improvements in marine dispersion
modelling; the effects on exposure from changes in fish stock management; and the
possible need to consider the future impact of historic discharges. OSPAR were
informed at the 1999 RAD meeting that it was the intention of the EC ‘to optimise the
MARINA update in order to render the results as useful as possible in providing input
for the implementation of OSPAR’s strategy [with regard to Radioactive Substances]’
(RAD 99/14/1-E). RAD welcomed the EC’s initiative to establish Cupertino between
OSPAR and the EC on the basis of updating MARINA, noting that the planned
timetable (completion about 2 years after the scoping study) would fit with the
timescale of implementation of the 1998-2003 OSPAR Action Plan (www.ospar.org).

It is the EC’s intention that the MARINA update will contribute towards the
implementation of OSPAR’s Strategy regarding the environmental impact assessment
(EIA) of radionuclides (Annex 2) , comprising the evaluation of:

‘i) the sources and pathways of radioactive substances and their concentrations in the
maritime area;
ii) the radiation exposure of humans and marine ecosystems;
iii) biological and ecological effects in the marine environment in their own right,
including the vulnerability of marine ecosystems, arising from existing and future
foreseen discharges, emissions and losses of radioactive substances. However, such
data were rather scarce and developments concerning impact assessment were still in
a preliminary stage;
iv) other adverse effects which may affect other legitimate uses of the sea;’

                   (RAD 99/14/1-E)
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Since MARINA there have been 2 equivalent EC-sponsored exercises: MARINA-
MED in the early 1990s, concerning the Mediterranean Sea (3); and MARINA-BALT
(1996-1998), concerning the Baltic Sea (4). The latter was completed recently and the
final report became available, in draft form, during the course of this scoping study.
The proposed MARINA update will be confined largely within the OSPAR boundary,
excluding the Mediterranean and Baltic regions from the EIA.. However, phenomena
which originate outside  the OSPAR area but which may have an impact within
OSPAR will be included (e.g. the Baltic Sea outflow, containing Chernobyl
radioactivity). Several other major International assessments have taken place within
the last decade, which will be of direct or indirect relevance to MARINA II. They
include IAEA-IASAP (International Arctic Seas Assessment Programme) (5), AMAP
(Arctic Monitoring and Assessment Programme) (6) and IAEA-MARDOS (Sources
of Radioactivity in the Marine Environment and their Relative Contributions to
Overall Dose Assessment from Marine Radioactivity) (7) and will be dealt with in
more detail in section 6 . A very significant development has been the study conducted
by the Nord-Cotentin Radioecology Group into the radiological impact of the
COGEMA-La Hague reprocessing plant. A version of the report (in French) is
available via the IPSN web site (www.ipsn.fr/nord-cotentin) and the Executive
Summary is available, in an English translation hard copy, from IPSN.

The main objective of this scoping study is to review and highlight what has changed
and what we have learnt since MARINA I was completed. The report will cover
changes in the regulatory framework, radionuclides sources, representation and
knowledge of environmental processes,  assessment methodology and any other
factors which may influence the conduct of MARINA II.  It is apparent that much
more information  is becoming available in electronic format via the internet, and that
the advances in information technology since the previous exercise  will influence the
conduct of the update.

It is intended that this report should help to define the scope of the subsequent
MARINA II Project. For this reason a number of recommendations have been
advanced which DGXI may wish to consider.

http://www.ipsn.fr/nord-contentin
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2. Regulatory framework

2.1 The OSPAR Convention
One of the most significant changes in the international regulatory field since the
completion of MARINA I has been the establishment of the OSPAR Convention and
Commission.  A meeting of the Oslo and Paris Commissions at Ministerial level was
held in Paris on 21-22 September 1992, the most important outcome of which was the
adoption of a new Convention for the Protection of the Marine Environment of the
North-East Atlantic (the ‘OSPAR Convention’), together with a Final Declaration and
an Action Plan to guide the future work of the Commissions. The meeting was
attended by Ministers responsible for the marine environment of the 14 signatory states
to the Oslo and Paris Conventions, by Switzerland and by a representative of
the Commission of the European Communities (CEC). The implementation of the
OSPAR Actions is described in the Annual Reports series (8), and the strategy
regarding radioactive substances is provided in  of this report. The
geographical area covered by the OSPAR Conv

Although the OSPAR Convention did not finall
all practical purposes, the Oslo and Paris Comm
1992. The Oslo and Paris Conventions and Com
1998 with the entry into force of the OSPAR Co
Commission. The OSPAR Secretariat (previous
Commissions) is based in London.

The new Convention consists of a series of prov
i. the precautionary principle;
ii. the polluter pays principle;

ii. best available techniques (BAT) and b
including clean technology;

It also provides for the OSPAR Commission to:
the participation of observers, including non-go
the work of the Commission; and establishes rig
maritime area of the Convention.

Contained within the OSPAR Convention, as ad
which deal with the following specific areas:

Annex I: Prevention and elimination of p
Annex II: Prevention and elimination of 
Annex III: Prevention and elimination o
Annex IV: Assessment of the quality of 

Annex V was adopted in 1998, at a Ministerial M
enter into force once it has been ratified by at le
concerned with ‘the protection and conservatio
diversity of the maritime area’. The implication
conduct of radiological assessments is discussed
OSPAR has asked AMAP to deal with aspects o
Annex 2 

ention is described in Annex 3 .

y enter into force until early 1998, for
issions have worked as one entity since
missions ceased to exist on 25 March
nvention, administered by the OSPAR

ly the Secretariat of the Oslo and Paris

isions and  requires the application of:

est environmental practice (BEP), 

 adopt binding decisions; provide for
vernmental organisations (NGOs), in
hts of access to information about the

opted in 1992, are a series of Annexes

ollution from land-based sources;
pollution by dumping or incineration;
f pollution from offshore sources; and
the marine environment.

eeting in Sintra, Portugal, and will
ast seven Contracting Parties. It is
n of the ecosystems and biological
s of the Sintra Statement (9)on the
 in section 7. (www.ospar.org)
f radioactivity in northern waters.

http://www.ospar.org
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2.2 Basic Safety Standards
In the 1990s the IAEA (in conjunction with the FAO, ILO, OECD/NEA, PAHO and
WHO) revised its Basic Safety Standards (The International Basic Safety Standards
for Protection against Ionizing Radiation and for the Safety of Radiation Sources).
These were adopted in 1996 (10) and took account of ICRP 60 which included 2
concepts to avoid excessive regulatory procedures in cases where exposures or
sources need not enter regulatory control: exclusion of exposures and exemption of
sources (11). The IAEA have published a further report, at the request of the London
Convention (LC), which seeks to provide guidance on the concept of de minimus with
regard to the application of radiological exclusion and exemption principles to sea
disposal (12).

The Euratom Council Directive 96/29 was adopted by the Council of the European
Union in May 1996. The Directive lays down Basic Safety Standards (BSS) for the
protection of the health of workers and the general public against the dangers from
ionising radiation and EU Member States are obliged to implement the Directive in
their legislation by 13th May 2000 (13). The Euratom BSS applies to all practises
involving a risk from ionising radiation emanating from an artificial source or from a
natural source in cases where naturally-occurring radionuclides are processed. They
also apply to work activities (14).
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3. Radionuclides inputs and sources

3.1 Routine discharges from nuclear industries

3.1.1 La Hague reprocessing plant - COGEMA
Discharge data for a wide range of radionuclides were compiled for the period 1978-
1996 by the Nord-Cotentin Radioecology Group (section 6.2.1), who had unrestricted
access to COGEMA files (www.ipsn.fr/nord-cotentin). Releases were re-constructed if
measurements were inadequate. The discharge of most radionuclides has declined
significantly since the completion of MARINA, with the notable exceptions of 129I and
3H (15) (16). The report also detailed several incidents which resulted in inadvertent
releases to the environment.

3.1.2 Sellafield reprocessing plant - British Nuclear Fuels
Discharge data are made available in the public domain as a matter of routine (17) (18)
and can be acquired from the present Regulatory Authority, the UK Environment
Agency (www.environment-agency.gov.uk) (19). The history of releases from
Sellafield has been re-evaluated and reviewed (20).There has been a trend of
decreasing discharges for most radionuclides over the past decade, but some releases
have increased as a result of changes in waste treatment. The Enhanced Actinide
Removal Plant (EARP) came into operation in 1994 to reduce ∝ discharges. It allowed
the treatment of medium-active liquors, which had been stored on-site since 1980
(following the cessation of their discharge to sea), prior to disposal. EARP does not
remove 99Tc and 90Sr and the discharges of both increased as a result of the higher
throughput (Fig. 3.1). The Thermal Oxide Reprocessing Plant (THORP) was
commissioned in the mid-1990s, leading to an increase in the release of  3H, 60Co and
129I. Discharges of 14C increased in the same period as a result of diverting aerial
streams to sea.

3.1.3 Dounreay reprocessing plant
Discharges overall have been much lower from Dounreay compared with La Hague
and Sellafield. Three reactors have been operated since 1958, when discharges
commenced, with the third (Prototype Fast Reactor) being closed in 1994.
Reprocessing operations ceased in 1998. Discharges, which are authorised by the
Scottish Environment Protection Agency (SEPA; www.sepa.gov.uk), still occur as a
result of decommissioning and other on-site activities (18). The most radiologically
significant source has been the presence of metallic fuel fragments in intertidal and
near-shore zones. Their origin and transfer pathways remain uncertain (21) (section
3.3.3).

3.1.4 Other nuclear sources
Details of releases from nuclear sites are supplied to OSPAR by  Member States, and
in some cases are included in National reports (18). In general discharges from non-
reprocessing nuclear sites are considerably lower than those from La Hague and
Sellafield. The MARINA Project identified 72 sources from civilian sites. Clearly one
action within MARINA II will be to identify changes in the operation of civilian
facilities in terms of the number and nature of these sources.

http://www.sepa.gov.uk
http://www.environment-agency.gov.uk
http://www.ipsn.fr/nord-contentin
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Recommendation: To consider the significant changes which have occurred in
the releases from La Hague and Sellafield since MARINA I.
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            Figure. 3.1  Annual discharge of 99Tc (TBq a-1) from Sellafield, 1990-1998.

3.2 Dumping of liquid and solid wastes

3.2.1 Dumping in the Arctic
An inventory of radionuclides dumped in the marine environment was published by the
IAEA in 1991 (22), based on responses to a questionnaire sent to the Contracting
Parties of the LC  in 1986. This was updated to take account of operations carried out
by the Former Soviet Union (FSU) and the Russian Federation up to 1993, and
previously unreported disposals by Sweden and the UK (23) (24) (Table 3.1).
Revelations about the disposal practises of the FSU and Russian Federation emerged in
the early 1990s. The first detailed account of the dumping operations, in the Kara and
Barents Seas, was revealed in the ‘White Book’, compiled by Yablokov (25), which
was supplied to the IAEA and other bodies in May 1993. This issue provided the
impetus for a series of International Conferences on radioactivity in the Arctic:
Kirkenes, 1993; Oslo, 1995; Tromso, 1997; Edinburgh, 1999 (26) (27) (28). Several
of the early papers described efforts to re-evaluate the quantities of radionuclides
dumped (in liquid and solid form) and the degree of containment of the solid wastes.
The IAEA organised the IASAP Project (1993-1996) to evaluate the potential impact
on human health and the environment from dumped waste in the Arctic (sectionn
6.4.1). The ‘Source Term Working Group’ provided revised estimates of the activity
contained in the 6.6 nuclear reactors containing spent fuel (including 0.6 of the reactor
of the icebreaker Lenin) and the 10 reactors without fuel which had been dumped in
the Kara Sea. The total activity at the time of dumping was estimated to be 37,000
TBq, approximately 2.4 times lower than reported in the ‘White Book’. A number of
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other initiatives have addressed the impact of the dumped wastes: AMAP (6) (29);
ANWAP (Arctic Nuclear Waste Assessment Program) (30); NATO/CCMS
(Committee on the Challenges of Modern Society) (31); JNRG (32); NEFCO
(Nordic Environment Finance Corporation); IIASA (International Institute for
Applied Systems Analysis) (33); and AMEC (Arctic Military Environmental
Corporation)(34). Recent studies have indicated contamination to be limited and
localised to the immediate vicinity of dumped objects (6) (29). However, the dumped
wastes represent a potential source of wider environmental contamination which,
although outside the OSPAR boundaries, should be included in MARINA II, on the
grounds that contamination of the Barents Sea fishery would have radiological (and
socio-economic) implications for the European population.

Recommendation: To review existing information on the characteristics of source
term represented by the dumped wastes in the Kara Sea

3.2.2 NEA Atlantic dumpsites
According to the IAEA (23) about 94% of all low-level packaged waste dumped at sea
was disposed of at dumping sites in the NE Atlantic. Eight European nations were
involved with the UK contributing about 83% of the total activity. Operations ceased
in 1982 and are unlikely to resume under the present terms of the LC. The Final
Report of the NEA’s Co-ordinated Research and Environmental Surveillance
Programme (CRESP) was published in 1996, covering research conducted between
1991 and 1995 (35). The region will be included in the Wider Atlantic QSR due for
publication in 2000 (www.ospar.org).

3.2.3 Other dumping operations on the continental shelf
The UK disposed of waste at 18 sites on the continental shelf, in addition to those
reported in 1991 (22). The information came to light following an examination of
archived files. The total activity was in excess of 9.4 TBq with most being disposed of
between 1972 and 1976 at 2 sites: off the Thames Estuary (up to 4.9 TBq) and in
Liverpool Bay in the Irish Sea (up to 4.4 TBq). The information was reported
independently in 1997 (24) and supplied officially to IAEA in 1997 and 1998 (23).
Sweden provided the IAEA, in 1992, with details of 2 dumping operations in the
Baltic which took place in 1959 and 1961 (14.8 GBq) (36). The disposal of radioactive
waste, by France, took place in the Casquets trench near the Channel Islands, in the
1950s and 1960s. The operation is referred to, as a potential source, in the Nord-
Cotentin Report (www.ipsn.fr/nord-cotentin) but it was not included in the evaluation,
nor was it mentioned in the IAEA report (23).

Recommendation: To consider the significance of radioactive waste dumped on
the continental shelf, as detailed in a recent IAEA publication (23).

http://www.ospar.org
http://www.ipsn.fr/nord-contentin
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Table 3.1. Distribution of activity (TBq) for radioactive waste dumped in the World’s
Oceans (from: (23)).

Waste type Atlantic Pacific Arctic Totals Per cent  of
total activity

Reactors
with spent
nuclear  fuel

0 0 36,876 36,876 43.34

Reactors
without
spent fuel

1221 166 143 1530 1.80

Low level
solid waste

44,043 821 585 45,449 53.42

Low level
liquid waste

< 0.001 459 765 1223 1.44

Total 45,264 1445 38,369 85,078
Per cent  of
total activity

53.20 1.70 45.10 100.00

3.3 Accidental inputs

3.3.1 Chernobyl
Radiocaesium originating in the outflow from the Baltic - and by direct run-off from
Norwegian river systems - has been a more important contributor to concentrations of
137Cs in the northern North Sea and Norwegian Coastal Current (NCC), in the past
decade, than the releases from reprocessing plants. The Baltic will continue to be a
significant source of radiocaesium to the OSPAR region for many decades. The
MARINA-BALT study will provide useful input to this aspect of MARINA II (sectionn
6.1).

3.3.2 Komsomolets submarine
This submarine caught fire in 1989 and sank  in the Norwegian Sea 180 km south-west
of Bear Island, with the loss of 42 members of the crew. The submarine was designed
to operate at depths of up to 1000 m and it now lies at a depth of 1650 m.  A number
of expeditions have taken place, in part to assess the potential for leakage of
radioactivity from the reactor cores or from the nuclear weapons on-board. The
radionuclides inventory is estimated to include 1.5 PBq 90Sr, 2 PBq 137Cs, 5 TBq of
actinides in the reactor core and about 16 TBq 239Pu in 2 warheads, one of which is
fractured (33). Russian expeditions included the use of sophisticated submersibles and
the deployment of in-situ measuring equipment (37). To date, contamination has been
limited to the immediate vicinity of the wreck (38). A survey in July 1999 revealed that
sediment concentrations at the site were significantly lower than at locations closer to
Bear Island (Hilde-Elise Heldal, personal communication). It has been concluded that
the best option is to leave the submarine in place, where it remains a potential source.
There had been pressure, partly commercial, to retrieve the submarine. This would
have been a high risk strategy with the possibility of the vessel breaking up and
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contaminating productive near-surface waters, as well as posing a radiological hazard
for the recovery workforce.

3.3.3 Reprocessing plants
Operational inadequacies have resulted in inadvertent releases of radioactivity, to the
marine environment, at La Hague, Dounreay and Sellafield. These have sometimes
resulted in restrictions being placed on access to intertidal areas or on the collection
and consumption of seafood. A number of such releases from La Hague are catalogued
in the Nord-Cotentin Report (39) (www.ipsn.fr/nord-cotentin). There have been no
inadvertent releases from Sellafield, in the past decade, which resulted in significant
contamination of the marine environment.

In contrast, there has been a continuing problem at Dounreay in the form of metallic
‘hot’ particles occurring on the foreshore (40). The behaviour of radionuclides in the
environment around Dounreay has been reviewed extensively (21). The activity of
individual particles (found at a frequency of 1 to 25 per year since 1983) ranges from
0.1 MBq to 200 MBq. Their source is not known with certainty but it has been
suggested that they may have been released during a chemical explosion, in 1977, of
material in a vertical shaft used for waste disposal - either directly or as a result of the
erosion of contaminated rock and soil. A 2 km restriction zone was in force at the time
of writing, preventing fishing within 2 km of the contaminated foreshore.
Investigations are underway to assess the degree of contamination of the subtidal
sediments, which may be supplying the metallic particles to the foreshore.

3.3.4 Losses of sealed sources and transportation accidents
Sealed radioactive sources are widely used in the offshore oil and gas industry. There
have been many incidents of accidental losses during transport or use of sources. In
some cases the sources were recovered. Information on losses in UK coastal waters
was relayed to the IAEA for inclusion in their report on the inventory of accidents and
losses involving radioactive material (41). This exercise was initiated in the early 1990s
and will need updating if it is to be included in MARINA II. Losses in the Norwegian
sector, mostly occurring down boreholes, are recorded by the NRPA. Substantial
activities are involved although the nature of the packaging makes it unlikely that
environmental contamination will occur for several years.

The loss of a cargo of uranium hexafluoride occurred off the Belgium coast. However,
all the packages were recovered and it is not thought that significant contamination
occurred.

Recommendation: To consider whether it is prudent to include accidental loss
scenarios in predictive models.

3.4 Contaminated sediments

The sediments of the Irish Sea became heavily contaminated by the high discharges of
radionuclides from Sellafield during the 1970s and early 1980s. Since the mid-1980s
the subtidal sediments have acted as a net supplier of radiocaesium and plutonium to
the overlying water column. This phenomenon was predicted using a compartment
model (MIRMAID) in the late 1980s and confirmed by field observations of

http://www.ipsn.fr/nord-contentin
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concentrations in sediments, seawater and biota (42) (43). For example, the subtidal
inventory of 137Cs decreased from 5.0% to 3.6% of the decay-corrected cumulative
discharge between  1988 and 1995 (44). Evidence that plutonium is being remobilised
is provided by the relatively constant water column inventory of  239,240Pu over the past
2 decades - even though discharges have reduced by about 2 orders of magnitude - and
a 238Pu/239,240Pu ratio in seawater exiting the Irish Sea characteristic of both the surface
sediments and the cumulative ratio of the discharges, rather than the ratio in current
discharges (45). Concentrations of 239,240Pu in seawater and biota have both increased
when expressed as a proportion of the discharge (i.e. concentration per unit discharge).
The seabed sediments represent a more significant source of radiocaesium and
plutonium than the current Sellafield discharge. There is further scope for refining the
estimation of the size (total activity and volume of contaminated sediment) and nature
(chemical speciation and remobilisation) of the seabed source - MARINA II should
incorporate the results of work which is currently underway or planned.

Recommendation: To review the published evidence on the remobilisation of
radionuclides from Irish Sea sediments and take account of continuing
investigations estimating the extent of this source.

It is conceivable that contaminated sediments in other areas may represent a source.
For example, sediments contaminated by plutonium from underwater weapons testing,
in Chernaya Bay in the eastern Barents Sea, have been estimated to contain 11 TBq of
239,240Pu, with 2 TBq having being already exported from the area (John Norton Smith,
personal communication).

3.5 Non-nuclear industries

3.5.1 Significance of naturally-occuring radionuclides
It is important to note that naturally-occuring radionuclides, in particular 210Po,
contribute more to collective exposure than anthropogenic radionuclides by about 2
orders of magnitude (1) (7) (section 6.3.3). 210Po is also a major contributor to critical
group doses from seafood consumption, in particular from consumption of molluscs
(1). There has been a growing realisation about the radiological significance of this
phenomenon during the past decade and its importance was underestimated in the
previous exercise: ‘Project MARINA has noted that the body of literature concerning
the levels of naturally-occuring radionuclides in northern European waters is not as
great as for the anthropogenic species. In particular the effects of local
enhancements, both natural and man-made, are only beginning to be documented.’
(1)

The presence of certain industries can result in enhanced concentrations of naturally-
occuring radionuclides in the marine environment - often referred to as NORM
(Naturally Occurring Radioactive Materials). NORM can occur as a result of a number
of processes such as: utilising materials with relatively high levels of natural
radioactivity (e.g. zircon, monazite); and using production techniques which result in
radionuclides concentration in residues (e.g. oil and gas) (46). Studies in the
Netherlands have identified a range of industries in which radiation exposure may be
significant: phosphate and fertilisers, metal and rare earths production, ceramics,



15

production and use of thoriated materials, pigments, and oil and gas (14). There have
been several major international conferences on NORM within the past decade (e.g.
Amsterdam, 1997; Krefeld, 1998; London, 1999), and some of the more relevant
papers are cited  below. A review has been  conducted of discharges from the
phosphate industry within the OSPAR region (47) (48), and there has been a study
examining approaches for regulating the management of NORM contained in large
volumes of waste (49).

3.5.2 Oil and Gas
The offshore oil and gas industry has been aware of the problem of NORM for many
years (46, 50-53) (54) (55) (56) (57) (Table 3.2). Radium isotopes are mobilised from
the reservoir rock and are transported in the formation water, together with their
radiogenic daughter nuclides. Uranium and thorium remain in the reservoir. Changes in
pressure and temperature in the water co-produced with the oil or gas can lead to the
deposition of scale, in offshore processing equipment,  containing high concentrations
of 226Ra and 228Ra. In older scales concentrations of 228Th will increase because of
grow-in. Scales and sludges may also contain high levels of 210Pb and 210Po,
particularly in gas fields, where deposition of elemental lead can occur, but in an
unpredictable manner. Concentrations of  210Pb may exceed several thousand Bq kg-1.
The amount of NORM encountered tends to increase during the lifetime of the field.
Seawater is used to enhance oil recovery. During the later stages of exploitation the
produced water becomes increasingly saline. The mixing of seawater with formation
water may increase the mobilisation of radium and encourage the deposition of scale at
the surface, particularly if ‘breakthrough’ occurs. Radium is present in relatively high
concentrations in produced water, about 3 orders of magnitude higher than in normal
seawater (e.g. 226Ra : 4.1 (0.7-10.4) Bq l-1; 228Ra : 2.1 (0.3-10.0) Bq l-1; mean and
range for 11 production units in the Norwegian sector (51) (55)).

The release of radionuclides, contained in scales and sludges, into the marine
environment can occur as a result of offshore or onshore decontamination of
processing equipment. The rules for dealing with NORM waste differ in the
Norwegian, British and Dutch sectors, being most onerous in the Dutch sector and
least restrictive in the Norwegian sector (54). In the latter case waste - from the
decontamination of tubulars, pumps, separators and other equipment -  may be ground
and discharged from the installation without further authorisation. There is no
restriction on the release of contaminated produced water in either the Norwegian or
British sectors. Much of the waste from Dutch installations has to be placed in
containers. If the total activity is > 100 Bq g-1 the containers must be shipped to the
onshore facility at COVRA (54) . There are even differences in interpretation of when
NORM becomes ‘waste’ between the Scottish and English sectors. This lack of
regulatory uniformity may pose difficulties when deciding on appropriate disposal
options (56), and hence  raise uncertainties in predicting the longer-term radiological
impact of the oil and gas industry.

The profile of oil and gas production in the North Sea, with many fields entering the
final stages of exploitation, suggests that NORM arisings will increase for the next 10-
20 years and then decline quite rapidly. Waste disposal and decommissioning will
become increasingly important factors. There is an obligation to remove steel
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structures under the Sintra Agreement. Some disposal options consist of re-injecting
NORM down disused wells. There will be radiological implications in the
decontamination of equipment and in the disturbance or removal of the tailings piles
(which may contain discarded scale) which have accumulated under many platforms.
Activities involving NORM are included in the Euratom BSS which EU Member
States must implement by 13 May 2000 (14).

Recommendation; To consider the current and predicted future trends of
arisings of NORM in the oil and gas industry, as these relate to the aims of
MARINA II.
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Table 3.2. Main occurrence of NORM in oil and gas production (based on: (57).

Type Nuclides Characteristics Occurrence
Scales 226Ra,  228Ra plus

progeny
hard deposits of Ca,
Sr, Ba sulphates &
carbonates

wet  parts of
production
installations  and
well completions

Sludges 226Ra,  228Ra plus
progeny

sand, clay, paraffins
& heavy  metals

separators,
skimmer  tanks

Lead deposits 210Pb plus progeny stable lead deposits wet parts of gas
production
installations  and
well completions

Lead films 210Pb plus progeny very  thin films oil & gas treatment
and transport

Natural gas 222Rn noble gas consumers domain
Produced water 226Ra,  228Ra and/or

210Pb
variable salinity,
large volumes in oil
production

every  production
facility

3.5.3 Phosphate
The phosphate industry, and its radiological impact, within the OSPAR region has
been comprehensively reviewed in a recent report (48). Phosphate is produced as an
agricultural fertiliser, resulting in the generation of large volumes of phosphogypsum
waste. A review of the environmental impact of phosphogypsum  has been published
(58) . Its importance as a source was under-estimated in the MARINA Project, due a
lack of published data. The import of phosphate ore to EU countries decreased by
about a factor of 2 between 1985 and 1992, reflecting an increasing tendency to import
phosphoric acid, i.e. the first stage of production, and hence the waste disposal
problem, has been transferred to the ore-producing countries such as Morocco. Prior
to 1990 France was the largest producer of phosphogypsum, with about 3 million
tonnes being discharged into the Baie de la Seine (59). After 1990 waste was stored on
land. The single largest producer in the UK started operations in 1954, increasing
production and waste discharges to a peak in 1983. In 1980-1983 the annual discharge
of 210Po exceeded 0.5 TBq a-1 (60). The company switched to importing ‘green’
phosphoric acid in 1992 and introduced improved effluent treatment (61) . This
reduced the sea disposal of uranium by 80% to about 10 t a-1, bringing about a
dramatic decrease in environmental concentrations of 210Po (62). In 1993 about 10
million tonnes of phosphogypsum waste were generated within the EU, with 15%
being recycled (e.g. as building materials), 25% discharged to sea and 60% stored on
land (58). The annual discharge of naturally-occurring radionuclides into the marine
environment, in 1993, from this source has been estimated to be: 1.3 TBq 226Ra, 2.22
TBq 210Po and 0.5 TBq 238U (48). Much of the published work on inputs in the 1970s,
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1980s and early 1990s ((46) (63) (64) has been superseded by recent changes to
production and waste management practises.

Recommendation: To consider the current arisings of NORM in the phosphate
industry and the legacy of past releases.

3.5.4 Other potential sources
A wide variety of industries involve the use of NORM or its production as a waste
product (65). Examples from the Netherlands are given in Table 3.3, including the
range of concentrations of radionuclides in a variety of waste products (14). Some of
these wastes enter the marine environment, either directly or via rivers. Similar
situations are likely to occur in other OSPAR and EU Member States, but they do not
appear to be as well documented. The processing of monazite in France for rare-earth
extraction, from 1976 onwards, led to the input of significant quantities of 232Th and
228Ra to La Rochelle Bay (authorised limit: 37 GBq a-1 and 74 GBq a-1 respectively).
Improved waste treatment from 1990 reduced the discharges to about 0.5 GBq 232Th
and 6 GBq 228Ra a-1  (48). The titanium industry is represented at several sites in the
UK (e.g. Humber Estuary; Frances Franklin, personal communication) as well as in the
Netherlands. The processing of the mineral rutile, using a chloride method, results in
waste water containing radium and waste solids containing uranium, thorium and lead
(Albert van Weers, personal communication). 226Ra from the production or
destruction of luminescent instrument panels has been found, in high concentrations, in
a number of locations, including the foreshore of the Firth of Forth (from an ex-
military site).

Recommendation: To consider the potential of a wide variety of industries and
disposal practises leading to enhanced concentrations of NORM, giving rise to
radiological concern.
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Table 3.3. Typical concentrations of natural radionuclides in materials used or
produced by industries in the Netherlands (14).

Industry Material Radionuclide
s

Typical  concentrations
 (Bq g-1)

Phosphor production ores
slags
dust

238U/226Ra
238U/226Ra
210Pb/210Po

0.5 - 2.5
1

50  - 1,000
Phosphate production ores

phosphogypsum
scales

238U/226Ra
226Ra
226Ra

0.05   -   0.7
0.2
100

Fertiliser production fertiliser 238U 0.3  -  3
Steel production sludges

dust

210Pb
210Po

10   - 100
15   -  30

Energy production
(coal combustion)

fly ash
scales

238U/232Th
210Pb

0.2
50   -  100

Zircon sands milling;
ceramic industry

zircon sands 238U
232Th

3  -   20
0.4  -  40

Brick production dust 210Po 40
Manufacture and use of
thorium compounds

welding rods 232Th/228Th 100

Titanium dioxide
 pigments

ores
precipitates

238U/232Th
238U/232Th
226Ra

0.07  -  9
4  -  10
1  -  5

Oil and gas production scales

sludges

226Ra
210Pb/210Po
226Ra
210Pb/210Po

1  -  500
1  -  3000
av. < 25

av. < 250

Cerium oxide polish 232Th/228Th 1
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3.6 Potential sources of military and civilian origin

A major potential source is represented by the decommissioning of redundant nuclear-
powered submarines and the storage of spent fuel assemblies in floating facilities,
particularly along the Kola Peninsula. This has prompted, or been included in, a
number of initiatives: the Russian Federation RW-Program (66); an EU Nuclear Safety
programme to improve RW management; AMAP (6) (29); ANWAP (30);
NATO/CCMS (31); JNRG (32); NEFCO; IIASA (33); AMEC (34);and Bellona (67)
(68). Storage facilities for RW in the Kola region are thoroughly inadequate and their
improvement and expansion cannot keep pace with the rate of decommissioning.
About 90-100 submarines have been taken out of service so far (6). Of immediate
concern is the practise of storing radioactive waste on floating ships or barges, such as
the storage of damaged fuel assemblies on the Leipse (33). This poses a local
radiological problem, particularly in the case of accidental releases, but does not
appear to extend to a regional scale at present (31). For the purposes of MARINA II it
will probably be sufficient to review the many studies which have been undertaken or
are still in progress. It is not clear to what extent wider-scale contamination will
become a concern as decommissioning progresses.

Recommendation: To review existing studies, which have been undertaken or
are still in progress, on the decommissioning of redundant nuclear-powered
submarines.

Contamination of the eastern Barents Sea with plutonium from underwater weapons
tests, in Chernaya Bay on Novaya Zemlya, has been reported (69). The inventory of
239,240Pu in the sediments of the region has been estimated as 11 TBq with a further 2
TBq being exported (John Norton Smith, personal communication).

The test firing of uranium-tipped munitions into the sea represents a modest potential
source of minor radiological importance.

An additional potential source is in the form of radioisotope thermal generators (RTG)
powered by 90Sr. Of the 2000 lighthouses on the Kola Peninsula and Novaya Zemlya
132 are equipped with RTGs (33). The total activity around the northern coast of
Russia is estimated to be 225-1270 PBq. One cause of concern is in handling of spent
sources, with 2 being found abandoned on a dockside close to the Norwegian border
(33).

Limited discharges take place as a result of military activities in the UK and France and
the results of monitoring programmes are made available (62) (70).
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4. Environmental concentrations and distributions

An excellent review of radionuclides concentrations in the OSPAR region is provided
in a 1996 IPSN publication, consisting of a series of invited papers (71) covering the
NE Atlantic, Channel, Irish Sea, North Sea and Arctic. A number of international
symposia have taken place since the completion of MARINA I, providing many
detailed studies of radionuclides inputs, distributions and behaviour in seawater,
sediments and biota (72) (73) (74) (26) (75) (76) (77) (28). These are in addition to  a
wide range of individual publications in the peer-reviewed (78) (79) (80) (43) and
‘grey’ literature. The distribution and behaviour of actinides in the Irish Sea has been
the subject of a Special Issue of the Journal of Environmental Radioactivity (81). The
EU-funded ARMARA project, concerning radionuclides in northern waters has been
completed recently (82). In addition the AMAP Data Centre based in Osteras,
Norway, and the IAEA-MEL GLOMARD data base contain the results of a large
number of measurements (section 6.4.1).

These data sets (e.g. Fig. 4.1) will need to be synthesised once the objectives of
MARINA II have been clearly defined. In this regard the newly-completed QSRs may
provide a useful first cut.

Figure 4.1 Approximate distribution of 99Tc (Bq m-3) in surface waters of the North
Sea in December 1996 (43).
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5. Radiological assessment of human exposure
 - methodology and philosophy

5.1 Radiation protection standards

5.1.1. Effective doses to individuals
The system for dose assessment is well established in the UK (62) and is described
here to illustrate changes that have occurred since MARINA I was completed. Dose
standards are embodied in UK legislation (83), with the National Radiological
Protection Board advising the UK Government, guided by the recommendations of the
ICRP (84) (11). The Euratom BSS Directive has been revised (85) (section 2.2) to
take account of  changes in radiological protection criteria recommended by ICRP 60,
and this has been implemented in the UK by changes to existing legislation. IAEA have
published their own revised set of Basic Safety Standards based on ICRP 60 (10).

Individual dose limits apply to the mean dose received by the ‘critical group’, generally
high-rate consumers of foodstuffs obtained in the vicinity of the ‘source’ or people
who spend time in areas of higher than average external exposure. The limit for whole-
body dose is taken to be  1 mSv a-1, or 50 mSv a-1 for dose to the skin (e.g. from
handling fishing gear).  Accidental releases are judged against EU and ICRP standards
for emergency situations (86) (87).

As a consequence of the implementation of the Euratom BSS Directive, the UK
Environment Agencies and the Nuclear Installations Inspectorate will be required to
demonstrate compliance with the principle dose limit of 1 mSv for cumulative
exposure - i.e. an appraisal of the ‘true’ critical exposure from all sources and by
summation across different pathways. The Directive has to implemented by 13th May
2000. Under BSS there is increased emphasis on making dose assessments more
realistic. This may require the acquisition of more site-specific data, rather than relying
on published generic values which may have an in-built conservatism. A guidance
report is being prepared, under Article 37, on harmonised methods for producing
realistic dose assessments.  The report is due to appear within 18-24 months.

Recommendation: To consider including an appraisal of the ‘true’ critical
exposure from all sources and by summation across different pathways.

Recommendation: To consider the extent to which existing methodologies allow
realistic dose assessments to be made.

5.1.2 Collective dose
Collective dose (CED) has been used as a measure of societal risk. Two concerns are
the selection of the integration time and size of the population included in the
calculation. The concept of CED is currently being questioned. Roger Clarke, on
behalf of ICRP, has put forward a discussion document suggesting a new concept, that
of ‘controllable’ dose, be adopted in place of CED (88). This is an individual-based
philosophy. However, on the timescale envisaged it is unlikely that a consensus will be
reached for practical application in MARINA II. Of more relevance is the question of
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integration time. This is one of the issues presently being considered by an IAEA
Group of Consultants. About 70 years, or 2-3 generations, has been suggested by
some as being appropriate. In contrast one  study of Sellafield CED due to 239Pu used
an integration time of 10,000 years (89).There is no agreement on dose cut-offs but a
figure of 10 µSv has been put forward. Under the Sintra Agreement there is a
commitment to ‘ensure that discharges ....... are reduced by the year 2020 to levels
where the additional concentrations ....... are close to zero’ (9). This statement could
be seen as a further reason to adopt a shorter integration time.

Recommendation: To consider adopting an integration time of 70 years for CED
calculations and investigating the effect of using a 10 µSv dose cut-off.

5.2 Parameter values
5.2.1 Dose per unit intake
Estimation of dose due to ingestion relies on the use of a dose coefficient (dose per
unit intake). The MARINA I assessment was based on ICRP 30 (90). For 210Po the
recommended gut absorption factor (ƒ1) was 0.1. This value was based on very few
data, despite the recognised radiological significance of the radionuclides (91) (59).
Subsequent studies of the gut transfer of  210Po - using human volunteers consuming
brown crab meat (Cancer  pagurus) containing natural levels of 210Po - suggested  that
the value of ƒ1 should be increased from 0.1 to 0.8 (92).  On this basis the average UK
dose due to  210Po in food would increase from 54 µSv a-1, based on ICRP 30, to about
150 µSv a-1.  The effect on high-rate consumers is discussed below (section 5.2.3).
ICRP revised upwards its recommended  210Po ƒ1 value to 0.5 as a precautionary
measure (93) and have established Task Groups working on the human alimentary
tract and physiology. These initiatives  will contribute towards reducing the
uncertainties in dose estimations (re ICRP draft proposals: Protection of the public in
situations of prolonged radiation exposure).  On the timescale of MARINA II,
however, the uncertainty will not have been resolved. It is current UK practise to
perform 2 sets of calculations using  210Po ƒ1 values of 0.5 and 0.8 (62) (Annex 4).

Recommendation: To perform separate dose calculations for 210Po exposure,
based on ƒ1 values of 0.5 and 0.8.  

The recommended  ƒ1  values for plutonium and americium have also been subject to
revision, driven by the need to estimate realistic critical group doses in situations of
relatively high exposure, i.e. near Sellafield. Intervention studies (94) (95)using human
volunteers, consuming contaminated winkles (Littorina littorea L.) collected from the
Sellafield area, suggested a value of 0.0002 to be more appropriate than the generic
value of 0.0005 recommended by NRPB (96). This conclusion has been supported by
more recent human intervention studies with cockles (Cerostoderma edule) ,
investigating the transfer of plutonium, americium, cobalt, caesium and technetium
(97).

Recommendation: To consider the use of site-specific data (dosimetry, CF, Kd,
consumption rates), where they exist, for critical group dose estimation.   
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[There have also been minor changes to the dose per unit uptake values for 134Cs and
137Cs.]

5.2.2 Concentration factors and Kd values
Kd values have been used, for many years, as a practical and convenient means of
describing the partitioning of radionuclides between particulate and solute phases, in
marine modelling and assessment exercises. An assumption has to be made that the
system is in equilibrium and that adsorption is wholly reversible. The IAEA Technical
Report 247 (98) has become a benchmark, providing a recommended mean and range
of generic Kd values for marine radiological assessments for both pelagic and coastal
sediments. Its continuing citation could be taken to indicate that the majority of users
are satisfied that the values recommended are still appropriate. But, it may also reflect
simply a lack of effort to provide more recent data. Of course, this does not exclude
detailed site-specific investigations being of benefit, particularly when attempting to
provide more realistic model predictions, or for situations in which radioecological
data are limited (e.g. the Arctic). It should be noted that there was a paucity of data for
some radionuclides (e.g. 99Tc) when the IAEA Technical Report 247 was being
compiled. Regions in which radionuclides concentrations are elevated, such as the Irish
Sea, provide an opportunity to make in-situ observations more readily. Recent water
column measurements (99) have tended to confirm the validity of the IAEA-
recommended range of values for plutonium and americium (98). Many more
measurements of 99Tc in seawater, in the Irish Sea and the North Sea, have been made
as a result the increased discharges from Sellafield in the mid-1990’s. These support
the notion that 99Tc is very conservative in seawater, lending credibility to the few
experimental studies which have been reported (100). However, a lack of
accompanying particulate measurements means it has not been possible to determine
more accurate Kds.

Revelations about the dumping of radioactive waste in the Kara and Barents Seas, by
the Russian Federation and the FSU, led to the setting up of IASAP by the IAEA (5) .
The IAEA-recommended Kds (98) were used in the preliminary assessment, whilst
efforts were made to provide more realistic values for some of the key model
parameters. Site-specific Kds for the principal radionuclides of concern, were derived
from uptake experiments, using sediment collected from two bays (Abrosimov and
Stepovogo), used extensively as dumpsites, off the coast of Novaya Zemlya (101). The
variables selected were salinity and sediment concentration (mg l-1). The study did
reveal some apparent differences between the sorption characteristics of sediments
from the two bays, which may warrant further study. The measured Kds for Cs, Cd
and Am fell within the IAEA-recommended range, although the mean values for all the
radionuclides studied fell below the IAEA-recommended mean.

A 1992 investigation of Irish Sea sediments (102) concluded that Kds for 137Cs within
the seabed were in the range 104-105. This was on the basis of the observed
137Cs/241Am ratios in three sediment cores. The authors suggested these higher values,
outside the IAEA compilation range, may have been due to differences in the solid
phase composition, compared with the overlying suspended particulate. The high
values were supported by an experimental study in which contaminated intertidal and
saltmarsh sediments, from the Solway Firth (north of Sellafield), were subjected to a
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variety of desorption conditions. The desorption Kd for 137Cs was ~ 105. The authors
concluded that a more labile fraction of 137Cs had been removed prior to on-shore
particulate transport. Possible mechanisms to explain this difference in behaviour
include the potential for an ‘ageing’ effect.

Recommendation: To consider extending the range of recommended 137Cs Kd
values up to 1x105 for modelling seabed sources.

Estuaries tend to be very dynamic systems with a high degree of temporal and
spatial variability in factors such as pH, salinity, dissolved organic carbon (DOC) and
turbidity. Equilibrium is at best transitory in such systems and this should be
recognised in any modelling and assessment work. A further complication is the
preservation in estuaries of ‘hot’ particles, where these have been present in the
original discharges – as has been the case with Sellafield. Site-specific data should
clearly be sought, when practicable, if it is hoped to provide a realistic – as opposed to
‘order-of-magnitude’ – assessment of radionuclides behaviour in marine systems. The
continuing use of Kds in marine environments appears justified but it should be
acknowledged that equilibrium conditions may not occur. In estuarine environments a
wide range of Kds should be anticipated for many radionuclides (Annex 5).

The derivation of single CF values for generalised groups of biota, whether marine or
freshwater, will always be a function of the variable mix of physiological, ecological
and other biological factors that give rise to the individual taxonomic differences in the
biota for which a particular CF value is derived. Almost inevitably wide CF ranges are
a consequence of this variation. In a recent review (103), mean CF values were
calculated strictly from the available data without any form of taxon weighting (Annex
6). The ranges, in turn, reflect the number and quality of data available rather than the
real ranges to be expected in the environment. Some differences are apparent between
the ‘best estimate’ CF values given in  IAEA 247 and the mean values derived from
more recent determinations for many elements. However, in no case is the evidence
from the more recent determinations sufficiently compelling as to suggest that major
changes should be made.

The wide acceptance of the validity of the IAEA data, and the paucity of recent
determinations of CF values under environmental conditions, for many radiologically
important nuclides leads to the general conclusion that the IAEA report values (98) are
still the ‘best estimate’ numbers available.

5.2.3 Consumption rates
As part of the assessment, data will need to be collated on: fin fish and shellfish
landings within the EU and their geographical origin; production from aquaculture;
imports from outside the EU; and consumption rates. Fishing within the jurisdiction of
EU Member States is subject to the Common Fisheries Policy (CFP). This applies to
fin fish and shellfish. The past decade has been a turbulent one for the European fishing
industry. The implementation of Total Allowable Catches (TACs) for particular
species, in an attempt to preserve fish stocks, has led to restrictions in landings and
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changes in the geographical distribution of the catch. The impact these restrictions on
consumption patterns and hence on radionuclides intake is difficult to gauge. Fisheries
statistics on landings are available from a number of sources (104) but extricating the
relevant information for a dose assessment may be problematic. In some cases fishing
effort may be re-directed to less-exploited stocks, with the result that overall fish
landings are maintained. New markets may emerge, as has happened with the dramatic
increase in landings of whelks.  Changes in the landings of the most important fin fish
at UK ports, between 1993 and 1997, are shown in Fig. 5.1 (‘000 tonnes). Landings of
demersal fish (cod, haddock, monkfish, plaice, whiting) have been relatively stable,
with an overall increase in monkfish and decrease in plaice and whiting. For landings of
pelagic fish the most dramatic change has been for mackerel which  decreased from
166,000 tonnes in 1993 to 66,000 tonnes in 1997.  Shellfish landings are shown in Fig.
5.2. The quantities (‘000 tonnes) of crabs, scallops and mussels landed have all
increased significantly. There have also been increases in periwinkles and lobster,
whereas landings of queens and shrimps have been quite variable. The management of
the wild shellfish fishery in the UK has been described in a recent CEFAS report (105).
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Figure 5.1. Fin fish landings in the UK, by UK and foreign vessels, 1993-1997 (‘000
tonnes) (Herring, Horse mackerel, Mackerel, Pilchards, Sprats, Cod, Haddock,
Monkfish, Plaice Whiting) (106).
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Figure 5.2. Shellfish landings in the UK, by UK and foreign vessels, 1993-1997 (‘000
tonnes) (Lobsters, Periwinkles, Queens, Shrimps, Squids, Cockles, Crabs, Nephrops,
Mussels, Scallops) (106) .
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The impact of the CFP and TACs is not the only source of influence. For example, a
succession of mild winters has adversely affected plaice and cod stocks. This factor
may have pushed the cod further north (it is a cold water fish), depleting the stock
available for exploitation in ICES Fishing Areas IVc and IVb. Conversely, the same
conditions have had a beneficial effect on the sole stock. Economic factors will also
influence  fishing activity. To quantify the impact of management legislation, for wild
fish stocks, on human exposure will require considerable effort, and the benefit of such
an exercise may be limited. The information which would be more useful, strictly for a
radiological assessment, relates to consumption of fish and fish products rather than
fishing effort or landings.

There have been several other significant developments in the past decade. The
international trade in fish and fish products has increased substantially, with the result
that there is a greater likelihood now of consuming fish caught outside the OSPAR
region than a decade ago. Imports to the EU rose from 2.7 million tonnes in 1986 to
5.1 million tonnes in 1995. For example imports of Crustacea (especially shrimp) from
Canada increased steadily from 936 to 1,423 tonnes a-1 in the period 1993-1996. The
world market for mussels was the subject of a recent FAO/GLOBEFISH report (107).
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Figure 5.3. Production (tonnes) of farmed Mussels (Mytilus edulis) in England and
Wales, 1993-1997 (108).

There have also been developments in fish farming and marine aquaculture. As an
example, the increase in the production of farmed mussels in England and Wales is
shown in Fig. 5.3. Production rose from 3,230 tonnes in 1993 to 11,684 tonnes in
1997 (108). The salmon and industry developed rapidly in Scotland in the early 1990s,
but declined in value more recently due to a combination of disease problems and a fall
in price. However, the industry is still strong in Norway, accounting for about 80% of
UK consumption. Statistics are available but may not be readily obtainable in a



consistent format for all OSPAR Member States. The FAO Yearbook of Fisheries
Statistics no longer includes statistics for mariculture, as of 1996 (104).

Recommendation: To consider the impact of the increase in shellfish mariculture
on exposure.

The time from capture to consumption is important for shorter-lived radionuclides, as
was recognised in both MARINA I (1) and MARDOS (7) with respect to 210Po intake,
and introduces considerable uncertainty in the dose estimate. Changing trends in
consumer demand, and the emergence  of supermarkets as major suppliers, have had
significant effects on the type of fish consumed and the degree of processing of fish
and fish products. There has been increasing demand for frozen or otherwise preserved
fin fish and shellfish (e.g. packaged mussels), as exemplified in a recent Canadian case-
study of the Belgium market using official DGXIV and
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Recommendation: To collate existing published and unpublished data on
naturally-occurring radionuclides, with particular emphasis on  210Po and 210Pb
concentrations in marine species.

Recommendation: To consider the justification for making additional 210Po and
210Pb measurements [e.g. for previously unreported or inadequately assessed
pathways, where there is a lack of data on particular species, or where additional
sources of exposure are recognised].

5.2.4 Uncommon pathways
MARINA II should also consider the existence of additional pathways. Consumption
of the seaweed Porphyra used to be a critical pathway (106Ru) for the Windscale
(Sellafield) discharge in the 1960s (115). The seaweed was consumed (as laverbread)
in South Wales, several hundred km from the source but it was collected from the
Cumbrian foreshore. Porphyra is still monitored but the pathway is no longer active.
Interest in seaweed contamination has re-emerged  as a consequence of the EARP-
related release of 99Tc, which is highly concentrated by seaweeds such as Fucus sp.
Seaweed  is gathered commercially for use in the alginate industry in parts of northern
Europe (e.g. NW France), and represents a potential pathway, although it is not
harvested for this purpose near Sellafield (62). It is used, on a much smaller scale, as a
fertiliser and soil conditioner in the Sellafield area (116) (62), leading to increased
concentrations of 99Tc in soil and vegetable samples.

Recommendation: To consider the existence of uncommon pathways,
particularly in situations of higher than average concentrations of artificial or
naturally-occurring radionuclides.

5.3 Assessment modelling
A review of available radionuclides transport models has been published recently
(117). For point-source inputs with limited environmental contamination (e.g. coastal
nuclear power stations) use of a simple compartment model may be adequate.
Alternatively a model which predicts the near-field concentration field may be more
appropriate. Further sophistication will only be justified when the size of the source is
sufficient to cause large space- or time-dependent impacts - as is the case for Sellafield
and Chernobyl deposition in the Baltic. More complex models require many
environmental data to run and will not necessarily produce a more accurate prediction.
For the Irish Sea, with a large seabed source from historic discharges, the use  of more
complex models is justified (MIRMAID (118)). A 2D hydrodynamic model
(CSERAM) has been developed which includes radionuclides interactions with a range
of particles and simulates particle erosion, transport and deposition (119) (120).  There
have been significant developments in the field of transport modelling, particularly of
the long-distance transfer of radionuclides (121) (122)and the validation of models
against observations (123). These studies may provide an improved description of the
circulation (e.g. mean flows in and out of water compartments), and have been used to
address potential radionuclides sources. However, one of their chief applications is in
the area of process studies, rather than directly for radiological assessments,
particularly when it is necessary to cover large distances (> 1,000 km) and long time-
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scales for the assessment(124) (4). In these circumstances compartment models may be
more cost-effective.

A methodology (CREAM: Consequences of Releases to the Environment: Assessment
Methodology) has been further developed to assess individual and CED for routine
discharges in western Europe, under contract to the CEC (125). It revises and updates
a previous methodology first published in 1979 (126).  It consists of  a series of
interlinked models allowing more detailed assessments of, for example, river and
estuary sources. CREAM does have limitations: the widespread use of annually-
averaged rates and equilibrium conditions mean the model would be inappropriate for
situations in which concentrations or environmental processes varying on timescales of
less than one year needed to be included (126). The model was tested in a simulation
of contamination in the eastern Irish Sea and was reported to perform adequately
(127).

CREAM has had a focus on the southern part of the OSPAR region. One objective of
the EU-funded ARMARA Project was to conduct a radioecological assessment of the
consequences of contamination of Arctic waters (82). The model included provision
for seabed sources and particle interactions (128). This model is being further
developed under the ARCTICMAR Programme, 1998-2001 (co-ordinated by NRPA),
with particular emphasis on the inclusion of estuaries. Improvements in hydrodynamic
models by Norwegian (IMR, NPI) and German (AWI, Hamburg University) Institutes
have provided more reliable water transport rates.

Recommendation: To consider the use of a hydrodynamic model incorporating
sediment interactions (representing transport, chemistry and biota) - such as
provided by the CSERAM code (119) - for predicting the behaviour of the Irish
Sea sediments and quantifying the spatial- time-dependence of this source-term.
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6. Radiological assessment of human exposure - recent radiological
assessments

6.1 MARINA-BALT
MARINA-BALT was initiated by the EC in 1996 to examine the overall impact on the
population of the Member States from natural and artificial radionuclides in the Baltic
Sea. The results were presented at a seminar in Stockholm in June 1998. A summary
of the programme has been published (4) and a detailed report is nearing completion,
and was made available in draft form for this pilot study (129). The programme
considered inputs between 1950 and 1996 from nuclear weapons fallout, Chernobyl
fallout, European reprocessing  plants, nuclear installations around the Baltic Sea and
dumping of low-level radioactive waste. The project group included participants from
all countries bordering the Baltic plus the Netherlands. The assessment was based on
model calculations using a compartment model (130) to simulate dispersion, the
transfer of radionuclides to biota, and to calculate doses to individuals and populations.

Dose rates peaked in 1986 (0.2 mSv a-1) due to Chernobyl deposition and was non-
uniformly distributed. This was the only year when doses from artificial radionuclides,
in some regions, approached those due to naturally-occurring radionuclides. The
output from the compartment model will be of great value in determining the input of
Baltic Sea water, contaminated by Chernobyl deposition, to the OSPAR region.

Recommendation: To utilise the output of the MARINA-BALT  Project to define
the contribution of the Baltic Sea outflow  to the OSPAR region.

6.2 Reprocessing wastes

6.2.1 La Hague
One of the most significant developments since the conclusion of MARINA I was the
formation of the ‘Nord-Cotentin Radioecology Group’ (www.ipsn.fr/nord-cotentin).
The Group, consisting of a multidisciplinary team of 50 experts (inspectors, French
institutional experts, operators, members of associations and foreign experts), was
given 2 tasks:
Task 1. ‘to provide information to complement the epidemiological studies carried
out or being carried in the Nord-Cotentin, by estimating the exposure from the
various sources of ionizing radiation (nuclear industry, medical examinations,
natural radiation) and hence the risk of leukaemia to young people (0-24 years old)
living in the Beaumont-Hague canton during the period from 1978-1996.’

Task 2. ‘to provide background information for the decisions to be made regarding
the revisions of the regulatory texts governing the operation of the COGEMA - La
Hague reprocessing plant by determining the exposures of the population groups
likely to be the most exposed.’

Most attention was paid to the releases from La Hague. The operators supplied release
data and these were checked by the Group, with some reconstruction of releases being

http://www.ipsn.fr/nord-contentin
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carried out when no measurements had been made. About 500,000 environmental data
items were identified and the results of the  review were made available  to the general
public on CD-ROM. At present most of the detailed findings are recorded in French
only. A UK survey of the Channel Islands in 1998 confirmed that doses due to La
Hague were < 1% of the limit (62).

Recommendation: To incorporate the results of the Nord-Cotentin study into
MARINA II

6.2.2 Sellafield
Radiological assessments of the consequences of releases from Sellafield (and all other
nuclear establishments) are made routinely and the results placed in the public domain
(62). Two recent studies have particular relevance for MARINA II, providing an
overview of critical group doses. Hunt (131) has re-evaluated critical group doses, due
to Sellafield, using consistent methodology (ICRP 60 and 67) (11) (93). The 3
principle pathways have been Porphyra (laverbread) consumption, fish and shellfish
consumption, and external exposure from contaminated sediments. Uncertainties
remain over habits data but reasonably robust estimates  have been applied to
reconstruct critical group doses. Using these methods the maximum dose is estimated
to have been about 2 mSv a-1 in 1975-1976 (Fig. 6.1). This is significantly lower than
previous estimates (up to 3.5 mSv a-1 ), cited in the MARINA I report. In 1976 about
30% of the effective dose was due to the actinides but by the early 1990s this
contribution had increased to about 80%, as a result of remobilisation of previously-
released activity (132). The dose per unit of actinides discharged has increased. The
introduction of EARP, in 1994, reduced discharges still further, but continued high
environmental concentrations are maintaining exposures at a relatively constant level.
An additional consequence of EARP has been the increase in 99Tc releases. This has
been manifest as a significant addition to effective dose (Fig. 6.2) (133). Predicted
doses due to ingestion following flooding events are expected to be maintained
because of the contribution of the actinides (134). In contrast doses from external
radiation, mainly due to 137Cs, will continue to decline as a consequence of radioactive
decay and remobilisation into the water column.

Recommendation: To consider published reconstructed dose estimates and
model predictions of flooding events.

6.2.3 Dounreay
Critical group doses from Dounreay are << 0.1 mSv a-1 at present (62). More details
of the critical pathways and the Dounreay environment have been reported (21). The
continuing occurrence of metallic fuel fragments on the foreshore  with
activities of up to 200 MBq, could have significant radiological im
However, the low probability to coming into contact with such pa
conclusion that the environmental hazard is low.
(section 3.3.3),

pact if ingested.
rticles has led to the
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Figure 6.1. Estimated effective dose  (mSv a-1)  to the critical group of fish and
shellfish consumers near Sellafield, and the contribution due to actinides (237Np, 238Pu,
239,240Pu, 241Pu and 241Am) (132).
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Figure 6.2 Contribution by radionuclides to the effective dose  (mSv a-1)   to the
critical group of fish and shellfish consumers near Sellafield (133).

6.3 Naturally-occurring radionuclides

6.3.1 Non-enhanced levels
Relatively few studies have been conducted to assess exposure from natural levels of
radionuclides in marine biota. Consumption rates averaged over the population are not
appropriate for determining individual doses, although accurate data for the relevant
sub-set of the population may be lacking. Dose rates due to 210Po from the
consumption of North Sea shrimp (Crangon crangon L.) and edible crab (Cancer
pagurus L.) were estimated from measurements of specimens caught commercially off
the south-east coast of England (135). Consumption rates were partly  based on habits
surveys of coastal communities near nuclear installations. Doses were significantly
higher for crab, with a median value of 20 µSv a-1 and a maximum value of 620 µSv a-

1. This study adopted a dose per unit intake value  of 4.35x10-7 Sv Bq-1. Recalculation
on the basis of ICRP 60 would increase the maximum dose by about a factor of 3 to
about 2 mSv.

Average per capita consumption rates  of seafood vary significantly between
countries: e.g. Japan 72 kg a-1, Portugal 60 kg a-1, USA 21 kg a-1, UK 20 kg a-1 (110).
There are considerable differences in inter- and intra-species radionuclides
concentrations, with the latter sometimes being due to seasonal factors (110) (136).  In
Portugal seafood accounts for 5% of food consumption but 70% of the ingestion of
210Po and 10% of the ingestion of 210Pb (110)  (Fig.6.3).
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Figure 6.3. Percent contribution of foods to diet and to 210Po and 210Pb ingestion rates
by the Portuguese population. Food groups: I cereals, potatoes and grains; II fruit and
vegetables; III meat and animal products; IV seafoods; V water and beverages (110).
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Average doses to the Portuguese population were estimated to be about 85 µSv a-1

from 210Po and 170 µSv a-1 from 210Pb, with the dose due to 210Po varying from 25 µSv
a-1  for a person consuming no seafood, 120 µSv a-1  for a high-rate consumer of
sardines, and 1 mSv a-1 for a hypothetical group of mollusc consumers (110). These
calculations used an ƒ1 value of 0.35, based on published work (137). These doses
compare with 11 µSv a-1  for 210Po and 32 µSv a-1  for 210Pb in the ‘average person’
(59). The 210Po/ 210Pb ratio for all species in the Portuguese study was >> 1 (e.g. in
fish muscle: mean 20, range 3-66). Some studies have assumed the activity ratio to be
unity (138). Use of population-averaged consumption rates, as suggested for
generalised radiological assessments (139) (91),  will tend to underestimate the dose to
high-rate seafood consumers.

Recommendation: To identify high-rate consumers of fish and shellfish
(especially of fresh or short-storage foodstuffs) for assessing doses due to 210Po.

6.3.2 Enhanced levels due to industry
Discharges of phosphogypsum waste (section 3.5.3) can result in enhanced
concentrations of 238U decay-series radionuclides in the vicinity of the outfall (section
4.). This in turn can lead to higher than average doses, particularly to local consumers
of seafood. The largest discharge in the UK has been  from a single site at Whitehaven
on the Cumbrian coast, a few km north of Sellafield. The plant started operations in
1954 but, although the magnitude radionuclides releases was estimated routinely,
regular environmental monitoring did not commence until 1988 (109). High-rate
consumers were estimated to be receiving exposures of about 0.3 mSv a-1, using the
ƒ1 value current at the time. More recently critical group doses have been
reconstructed using a compartment model (MIRMAID) (140) (141) and estimates of
the radionuclides releases - based on information supplied by the plant operators,
together with a limited amount of analysis of the waste product (61) - to hindcast
exposures (60). This study, using cautious assumptions, predicted that exposures to
local seafood consumers  (mostly due to 210Po) rose to 3 mSv a-1 in 1963, peaked at 6
mSv a-1 in 1983, and fell to 0.04 mSv a-1 following very significant reductions in the
discharge in the early 1990s (Fig. 6.4). The trend of lower doses has continued (62).
The authors concluded that, using more realistic assumptions, it is unlikely that the
exposures would have exceeded  the prevailing dose limit of 5 mSv a-1  during the
operation of the plant. They also suggested that the observed increase in external
exposure warranted further study.
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Figure 6.4 Concentration of 210Po (Bq kg-1, wet) in Periwinkles (Littorina littorea L.)
from the foreshore at Parton, near Whitehaven, in the eastern Irish Sea, 1989-1998
(62).

Enhanced exposures due to the phosphate industry have been identified in the
Netherlands, where dose enhancements of 0.1-0.3 mSv a-1 were estimated to be
delivered to a group of about 1000 anglers and an unknown number of mussel and
shrimp consumers (111). The authors also identified an additional pathway from the
use of harbour dredgings, containing enhanced concentrations, as landfill. They
estimated doses of 0.3-1 mSv a-1 could occur from consumption of local produce and
radon inhalation. Use of more realistic ƒ1 values would increase the estimated
exposures by at least a factor of 3.

Recommendation: To identify critical groups who may be exposed to increased
doses, from ingestion and external exposure, in situations in which elevated
concentrations of naturally-occurring radionuclides could be anticipated.

6.3.3 Collective dose
The IAEA MARDOS programme estimated CED due to 137Cs and 210Po throughout
the world ocean on the basis of FAO fishing areas. Area 27 corresponds to the
OSPAR region (7). The CED from 137Cs and 210Po in fish and shellfish, caught in Area
27 in 1990, amounted to 86 and 2900 man Sv respectively.

6.4 Arctic
6.4.1  Dumped waste in the Kara and Barents Seas
The IAEA set up IASAP to conduct an assessment, in 1993-1996, into the radiological
consequences in dumping operations by the FSU and the Russian Federation (section
3.2.1). The group has reported its findings recently (142) (143). The Group concluded
that projected doses to individuals in typical local communities were very small and
remediation was not justified. However, in the context of MARINA II other aspects of
the exercise deserve further study. A substantial effort was devoted to synthesising
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existing information on the ecology, oceanography and sedimentology of the region as
a basis for model development. Both hydrodynamic and compartment models were
developed, including one hybrid model consisting of a compartment model with a
finely-resolved spatial scale. A database (GLOMARD) was developed containing
environmental radionuclides concentrations covering much of the OSPAR region,
developed by IAEA-MEL. A separate data base has been compiled under the AMAP
programme. This contains much of the data supplied to GLOMARD but has additional
Russian and, since October 1999, USA data. They are held at the AMAP Data Centre
maintained by the NRPA in Osteras in Norway (Annex 7). The accessibility of data
held in these databases,  on the time-frame of MARINA II, will need to be examined
(RAD 99/14/1-E). Progress has also occurred in other programmes within the JNRG
(144) (128) and ARMARA (82).

Recommendation: To examine the modelling techniques used in IASAP, JNRG,
ARMARA and other assessments (e.g. CREAM), and consider their applicability
to MARINA II.

Recommendation: To examine the feasibility of utilising environmental data held
in the AMAP Data Centre, and the IAEA GLOMARD data base, as they apply
to MARINA II.

6.4.2  Komsomolets submarine
A radiological assessment has been conducted based on a generalised dynamic model,
as part of the AMAP programme (29). The study estimated the maximum dose to a
hypothetical critical group of seafood consumers to be no more than 0.3 mSv a-1,
based on the coincidence of a series of conservative assumptions.
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7. Environmental impact

Until quite recently it was generally accepted that the protection of the environment
was assured as a consequence of protecting the human population. This has been
endorsed in ICRP 60 (11):

‘The Commission believes that the standard of environmental control needed
to protect man to the degree currently thought desirable will ensure that other 

species are not put at risk.’

Although this may well be valid in many situations there may be others in which the
assumption breaks down. It has been argued that:

 ‘.. even for the current low-level, routine releases it would be preferable to be
able to demonstrate explicitly, independently and transparently that 
environmental protection had been positively addressed.’ (145)

It has also been suggested that the concept of ‘controllable’ dose could provide a basis
for developing an environmental protection strategy (88). There is now a requirement
under Annex V of the OSPAR Convention to acknowledge: ‘the protection and
conservation of the ecosystems and biological diversity of the maritime area’. The
IAEA have responded to the growing pressure to demonstrate environmental
protection by issuing a Report for Discussion (146). A major International Symposium
on Ionizing Radiation was held in Stockholm, in May 1996, with the title: Protection
of the Natural Environment. The Proceedings were published in 2 volumes and their
subject matter covered: biological effects of ionizing radiation; ecological effects of
ionizing radiation; behaviour and transport of radionuclides in the natural environment;
criteria for environmental protection, assessment methodology; and social and
economic aspects (146). A Workshop on Environmental Dosimetry took place in
Avignon, in November 1999, jointly organised by EULEP, EURADOS, IUR and the
EC.

The concept of ecosystem ‘vulnerability’ has been put forward as providing a focus for
assessing environmental effects. A conceptual model has been proposed which links
radiological factors with socio-economic concerns and risk perception (33). A
‘Vulnerability Forum’ was formed in November 1998, as a Concerted Action, chaired
by the NRPA with involvement by the  IUR, EU (DG XI & DG XII) and IAEA. The
Group is due to report in 2001 and provide the EU with recommendations and a
consensus on methodology and terminology. The has been re-named the
‘Radioecological Sensitivity Forum’ and the first Interim Report is about to be
published (147). IUR has also been in discussion with the ICRP. The EU-funded
SAVE Project (Spatial Analysis of Vulnerable Ecosystems) produced the SAVIT
model. A recent paper discusses the concept of radioecological sensitivity (148).  The
project included cluster-analysis of diets by region in the EU.

The IASAP(142) and AMAP-Komsomolets(29) assessment both included an
estimation of ecological risk. In both cases this was found to be negligible.
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Recommendation: To include explicitly an assessment of environmental effects in
MARINA II, taking note of, and being guided by, the developments in
philosophy and methodology which are currently taking place.

Figure 7.1. Risk criteria and fields of interactions of importance for evaluating
vulnerability and effects of actual or potential radioactive releases (33).
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8. Conclusions and recommendations

There have been substantial changes since the completion of MARINA I which need to
be acknowledged in the planning and conduct of the update. These include:

i) changes in discharges from the major nuclear installations;
ii)  better knowledge of past disposal practises;
iii) the realisation that Irish Sea sediments have become a greater source of 
plutonium and caesium to the rest of the environment than the Sellafield 
releases themselves, and that these historic discharges will continue to 
contribute to future doses;
iv) increasing awareness of the significance of NORM;
v) the continuing importance of Chernobyl deposition;
vi) improved methodology for carrying out radiological assessments;
vii) changes in the consumption of marine foodstuffs;
viii) developments in radiological protection philosophy;
ix) changes in the international regulatory framework; and
x) an acknowledgement that the assessment of environmental effects has to be 
made more explicit.

One approach to conducting MARINA II in a cost-effective manner would be to
ensure that  the Project Team carrying the assessment contains, or has access to,
expertise in each of the areas described above. A number of specific recommendations
have been made for consideration by DG XI. These are topics which the author
believes warrant further investigation, and the list should not  be regarded as either
definitive or an absolute requirement. The Team carrying out MARINA II will need to
have a clear focus on the objectives and outcome, to avoid spending a disproportionate
effort on pursuing information or activities which are unlikely to have a significant
impact on the final conclusions. For example, the precise details of every release from
every nuclear facility may be less important than deciding appropriate consumption or
dosimetric data for high-rate consumers in particular circumstances. The Team should
be aware of the many initiatives which have been conducted, or are still being pursued,
concerning radioactivity in, or adjacent to, the OSPAR region, and critically evaluate
those which are relevant. This will require consultation and  co-operation which DG
XI may wish to consider when putting together the proposal, particularly when many
institutes and individuals are under significant financial and time constraints. Perhaps
this is one of the most apparent changes since MARINA I.

Specific Recommendations

To consider the significant changes which have occurred in the releases from La Hague
and Sellafield since MARINA I.

To review existing information on the characteristics of source term represented by the
dumped wastes in the Kara Sea
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To consider the significance of radioactive waste dumped on the continental shelf, as
detailed in a recent IAEA publication (23).

To consider whether it is prudent to include accidental loss scenarios in predictive
models.

To review the published evidence on the remobilisation of radionuclides from Irish Sea
sediments and take account of continuing investigations estimating the extent of this
source.

To consider the current and predicted future trends of arisings of NORM in the oil and
gas industry, as these relate to the aims of MARINA II.

To consider the current arisings of NORM in the phosphate industry and the legacy of
past releases.

To consider the potential of a wide variety of industries and disposal practises leading
to enhanced concentrations of NORM, giving rise to radiological concern.

To review existing studies, which have been undertaken or are still in progress, on the
decommissioning of redundant nuclear-powered submarines.

To consider including an appraisal of the ‘true’ critical exposure from all sources and
by summation across different pathways.

To consider the extent to which existing methodologies allow realistic dose
assessments to be made.

To consider adopting an integration time of 70 years for CED calculations and
investigating the effect of using a 10 µSv dose cut-off.

To perform separate dose calculations for 210Po exposure, based on ƒ1 values of 0.5
and 0.8.

To consider the use of site-specific data (dosimetry, CF, Kd, consumption rates),
where they exist, for critical group dose estimation.

To consider extending the range of recommended 137Cs Kd values up to 1x105 for
modelling seabed sources.

To consider the impact of the increase in shellfish mariculture on exposure.

To consider the impact of changes in the presentation of fish and fish products to the
consumer, on exposure, particularly in relation to storage times.

To identify high-rate consumers of seafood, particularly in relation to shellfish and
210Po exposure
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To collate existing published and unpublished data on naturally-occurring
radionuclides, with particular emphasis on  210Po and 210Pb concentrations in marine
species.

To consider the justification for making additional 210Po and 210Pb measurements, e.g.
for previously unreported or inadequately assessed pathways, where there is a lack of
data on particular species, or where additional sources of exposure are recognised.

To consider the existence of uncommon pathways, particularly in situations of higher
than average concentrations of artificial or naturally-occurring radionuclides.

To consider the use of a hydrodynamic model incorporating sediment interactions
(representing transport, chemistry and biota) - such as provided by the CSERAM code
(119) - for predicting the behaviour of the Irish Sea sediments and quantifying the
spatial- and time-dependence of this source-term.

To utilise the output of the MARINA-BALT  Project to define the contribution of the
Baltic Sea outflow  to the OSPAR region.

To incorporate the results of the Nord-Cotentin study into MARINA II

To consider published reconstructed dose estimates and model predictions of flooding
events

To identify high-rate consumers of fish and shellfish (especially of fresh or short-
storage foodstuffs) for assessing doses due to 210Po.

To identify critical groups who may be exposed to increased doses, from ingestion and
external exposure, in situations in which elevated concentrations of naturally-occurring
radionuclides could be anticipated.

To examine the modelling techniques used in IASAP, JNRG, ARMARA and other
assessments (e.g. CREAM), and consider their applicability to MARINA II.

To examine the feasibility of utilising environmental data held in the AMAP Data
Centre, and the IAEA GLOMARD data base, as they apply to MARINA II.

To include explicitly an assessment of environmental effects in MARINA II, taking
note of, and being guided by, the developments in philosophy and methodology which
are currently taking place.
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Annex 1: List of acronyms

AMAP: Arctic Monitoring and Assessment Programme
AMEC: Arctic Military Environmental Corporation
ANWAP: Arctic Nuclear Waste Assessment Program
AWI: Alfred Wegener Institute for Polar and Sea Research, Bremerhaven
BSS: Basic Safety Standards
CEC: Commission of European Communities
CED: Collective Dose
CEFAS: The Centre for Environment, Fisheries & Aquaculture Science
CF: Concentration Factor
CFP: Common Fisheries Policy
CREAM: Consequences of Releases to the Environment Assessment Methodology
CRESP: Co-ordinated Research and Environmental Surveillance Programme
DG XI: Directorate-General XI, Environment, Nuclear Safety and Civil Protection
DOC: dissolved organic carbon
EARP: Enhanced Actinide Removal Plant
EC: European Commission
EIA: Environmental Impact Assessment
EU: European Union
EULEP: European Late Effects Project Group
EURADOS: European Radiation Dosimetry Group
FAO: Food and Agriculture Organisation
FSU: Former Soviet Union
GLOMARD: Global Marine Database
IAEA: International Atomic Energy Agency
IASAP: International Arctic Seas Assessment Project
ICES: International Council for the Exploration of the Sea
ICRP: International Commission for Radiological Protection
IIASA: International Institute for Applied Systems Analysis
ILO: International Labour Organisation
IMR: Institute of Marine Research, Bergen
IPSN: Institut de Protection et de Surete Nucleaire
ITE: Institute of Terrestrial Ecology, Merlewood
IUR: International Union of Radioecologists
JNRG: Joint Norwegian-Russian Group
Kd: distribution coefficient
LC: London Convention
MAFF: Ministry of Agriculture, Fisheries and Food
MARDOS: Sources of Radioactivity in the Marine Environment and their Relative 

Contributions to Overall Dose Assessment from Marine Radioactivity
MARINA The Radiological Exposure of the European Community from 

Radioactivity in North European Waters
MARINA-BALT: The Radiological Exposure of the European Community from 

Radioactivity in the Baltic
MARINA-MED: The Radiological Exposure of the European Community from 

Radioactivity in the Mediterranean
MEL: Marine Environment Laboratory, Monaco
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NATO/CCMS: North Atlantic Treaty Organisation Committee on the Challenges of 
Modern Society

NCC; Norwegian Coastal Current
NEFCO: Nordic Environment Finance Corporation
NERF: Netherlands Energy Research Foundation
NGO: Non-Governmental Organisation
NORM: Naturally Occurring Radioactive Material
NPI: Norwegian Polar Institute
NRPA: Norwegian Radiation Protection Authority
NRPB: National Radiological Protection Board
OECD/NEA Organisation for Economic Co-operation and Development Nuclear 

Energy Agency
OSPAR Convention: Convention for the Protection of the Marine Environment of the

North-East Atlantic
QSR: Quality Status Report
PAHO: Pan American Health Organisation
RAD: OSPAR Working Group on Radioactive Substances
RPII: Radiological Protection Institute of Ireland
RTG: Radioisotope Thermal Generator
RW: Radioactive Waste
SEPA: Scottish Environment Protection Agency
SFIA: Sea Fish Industry Authority
TAC: Total Allowable Catches
THORP: Thermal Oxide Reprocessing Plant
UCD: University College Dublin
UNSCEAR: United Nations Standing Committee on Environmental Aspects of 

Radiation
WHO: World Health Organisation
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Annex 2: OSPAR Strategy with regard to radioactive substances

The Contracting Parties to the OSPAR Convention have adopted the following
objective and strategy for the purposes of directing the future work of the Commission
with regard to radioactive substances(footnote 1):

A2.1 Objective
A2.1.1 In accordance with the general objective, the objective of the Commission with
regard to radioactive substances, including waste, is to prevent pollution of the
maritime area from ionising radiation through progressive and substantial reductions of
discharges, emissions and losses of radioactive substances, with the ultimate aim of
concentrations in the environment near background values for naturally occurring
radioactive substances and close to zero for artificial radioactive substances. In
achieving this objective, the following issues should, inter alia, be taken into account:

a. legitimate uses of the sea;
b. technical feasibility;
c. radiological impacts on man and biota.

A2.2 Guiding Principles
A2.2.1 Assessments made, and the programmes and measures adopted, to achieve this
objective will be in accordance with the general obligations as set out in Article 2 of
the OSPAR Convention and consequently will involve the application of:
a. the precautionary principle;
b. the polluter pays principle;

. best available techniques and best environmental practice, including, where 
appropriate, clean technology.

A2.2.2 When adopting programmes and measures in relation to radioactive substances,
including waste, the Contracting Parties shall also take account of:

. the recommendations of the other appropriate international organisations and 
agencies;
. the monitoring procedures recommended by these international organisations 
and agencies;

c. existing scientific assessments of dose and risk as part of the tools for setting 
priorities and developing action programmes;

d. the relevant international conventions and Contracting Parties’ obligations 
under international law relevant to this OSPAR objective.

A2.3 Strategy of OSPAR with regard to Radioactive Substances
A2.3.1 The Commission will develop programmes and measures to identify, prioritise,
monitor and control (i.e. to prevent and/or reduce and/or eliminate)
the emissions, discharges and losses of radioactive substances caused by human
activities which reach, or could reach, the marine environment and
which could cause pollution through ionising radiation. To these ends, the Commission
will (footnote 2) :
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a. identify radioactive substances and/or human activities which give rise to 
concern about the impact of discharges, emissions or losses of

       radioactive substances.

  This identification should be based upon an evaluation of:
i. the sources and pathways of radioactive substances and their concentrations in
the maritime area;
ii. the radiation exposure of humans and marine ecosystems;

ii. biological and ecological effects in the marine environment, including the 
vulnerability of marine ecosystems, arising from existing and future foreseen 
discharges, emissions and losses of radioactive substances;

iv. other adverse effects which may affect other legitimate uses of the sea;

and take account of:
. results of scientific investigations relevant to radioactive substances in the 
marine environment such as the MARINA-Project of the European 
Commission and UNSCEAR 1996 "Effects of Radiation on the Environment";

vi. existing methodologies for the scientific assessments of dose and risk;

. assess and prioritise such substances or activities to judge whether there is a 
need for action;

. develop programmes and measures which ensure the application of 
BAT/BEP including, where appropriate, clean technology and taking into

       account and not unnecessarily duplicating:
. work practices including waste management, that meet the objectives with 
regard to radioactive substances;

ii. international conventions and standards;
ii. the outcome of the study by the Nuclear Energy Agency of the OECD 
concerning a thorough technical review and an assessment of
the reprocessing and non-reprocessing options for spent fuel management;
iv.Contracting Parties’ obligations under international law.

A2.3.2 The Commission and Contracting Parties, jointly or individually, should
encourage international organisations and agencies to develop further the
scientific tools for assessing radiation exposure and risk especially to marine
organisms.

A2.4 Time frame

A2.4.1 This strategy will be implemented in accordance with the following time frame:
by the year 2000
. the Commission will, for the whole maritime area, work towards achieving 
further substantial reductions or elimination of discharges, emissions
and losses of radioactive substances;
by the year 2020
. the Commission will ensure that discharges, emissions and losses of 
radioactive substances are reduced to levels where the additional
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concentrations in the marine environment above historic levels, resulting from 
such discharges, emissions and losses, are close to zero.

A2.5 Implementation
A2.5.1 This strategy will be implemented and further developed on the basis of the
Commission’s Action Plan which will establish priorities, assign tasks and set
appropriate deadlines and targets. The Action Plan shall concentrate on substances
and/or human activities of the highest concern to the marine environment and make
best use of resources.

A2.5.2 The Commission will review and prioritise radioactive substances and/or
human activities which may give rise to concern in order to identify topics
for action.

A2.5.3 Effective action is to be taken by Contracting Parties concerned, when there
are reasonable grounds for concern that radioactive substances introduced into the
marine environment, or which reach or could reach the marine environment, may bring
about hazards to human health, harm living resources and marine ecosystems, damage
amenities or interfere with other legitimate uses of the sea, even when there is no
conclusive evidence of a causal relationship between inputs and effects.

A2.5.4 Action identified by the Commission should include:
. assessment of those situations, including an identification of the sources of 
radioactive substances, their pathways to the marine environment, the
relative contribution of remobilised historic discharges and current discharges 
and the radiation exposure which they cause to humans and
marine ecosystems;

. establishment, with the help of an appropriate combination of monitoring, 
modelling and dose and risk assessments, as to whether these sources
represent a widespread problem or are restricted to regional or local 
environments within the maritime area;

and draw upon the work relevant to the concerns identified, which is carried out by
other international organisations and agencies. The Commission should co-operate
with such organisations and agencies in developing means of action which may
contribute to the solutions of problems in the maritime area.

A2.5.5 As a result, the Commission will identify and adopt relevant measures to deal
with the problems.

A2.5.6 The Commission will undertake the development of environmental quality
criteria for the protection of the marine environment from adverse effects  of
radioactive substances and report on progress by the year 2003.

A2.5.7 Furthermore, the Commission will continue to develop programmes and
measures to reduce radioactive discharges from nuclear installations to the  marine
environment by applying BAT.
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A2.5.8 The Commission and Contracting Parties, individually or jointly, will endeavour
to maintain and develop further a constructive dialogue with regard
to radioactive substances, including waste, with all parties concerned. This should
ensure that all relevant information is available for the work of the Commission in
connection with this strategy.

A2.5.9 The implementation of this strategy should take due account of Article 24 on
regionalisation and Annex IV on assessment of the quality of the
marine environment of the OSPAR Convention 1992.

A2.6 Overall Evaluation and review of progress

A2.6.1 The Commission will develop appropriate machinery to enable the preparation
of a quinquennial review of progress achieved through this strategy.
Based upon this review the Commission will, if necessary, revise the strategy. Such a
review should, for the first time, take place by the next ministerial
meeting of the Commission, and take account of inter alia:
a. assessment of the implementation and effectiveness of measures;
b. the experience gained with this strategy;

. the findings of the quality assessment reports of the maritime area (e.g. the 
QSR 2000);

d. progress achieved in reviewing areas of potential concern and assessment of 
these areas;

e. any further new information.

Annex 1 - Definitions

Definitions
For the purpose of this strategy:
a. "Radioactive substances" mean natural occurring and artificial radionuclides;
b. "Radiation exposure assessment" means the estimation of doses to which 

humans and marine organisms are or may be exposed and is based on the 
determination of the emissions, discharges and losses, the environmental 
transfers and exposure pathways (incl. food-chains) of radioactive substances;
c. "Risk assessment" means the estimation of the likelihood of a radiation effect
in humans or marine organisms.

Footnotes:
(1)    A number of terms used in this strategy are defined in Annex 1.
(2)    The Commission will take account of all recommendations and methodologies, as
well as legally binding documents, that have been developed in other international fora,
and which are relevant to the OSPAR Strategy with regard to Radioactive Substances.
Examples of relevant documents are the recommendations of the International
Commission on Radiological Protection, the Safety Series 111 of the International
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Atomic Energy Agency, the Joint Convention on the Safety of Spent Fuel
Management and the Safety of Radioactive Waste Management and the EU Basic
Safety Standards.

(www.ospar.org)

http://www.ospar.org
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Annex 3: Geographical limits of the OSPAR Convention

The OSPAR Convention covers the North-East Atlantic, defined as extending
westwards to the east coast of Greenland, eastwards to the continental North Sea
coast, south to the Straits of Gibraltar and northwards to the North Pole. This
maritime area does not include the Baltic or Mediterranean Seas (covered by the
Helsinki and Barcelona Conventions). More precisely, this maritime area is defined in
the OSPAR Convention 1992 as follows:
 ‘Maritime area  means the internal waters and the territorial seas of the Contracting
Parties, the sea beyond and adjacent to the territorial sea under the jurisdiction of the
coastal state to the extent recognised by international law, and the high seas,
including the bed of all those waters and its sub-soil, situated within the following
limits:

a. those parts of the Atlantic and Arctic Oceans and their dependent seas which lie
north of 36 north latitude and between 42 west longitude and 51 east longitude, but
excluding: the Baltic Sea and the Belts lying to the south and east of lines drawn from
Hasenore Head to Gniben Point, from Korshage to Spodsbjerg and from Gilbjerg
Head to Kullen; the Mediterranean Sea and its dependent seas as far as the point of
intersection of the parallel of 36 north latitude and the meridian of 5 36' west
longitude;

b. that part of the Atlantic Ocean north of 59 north latitude and between 44 west
longitude and 42 west longitude.’  (www.ospar.org)

http://www.ospar.org
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Annex 4: Dosimetric data (62)

Radionuclides Half Life
(years)

Mean β energy
(MeV per
disintegration)

Mean γ energy
(MeV per
disintegration)

Dose per unit intake by ingestion using ICRP-60
methodology (Sv.Bq-1)

Adults 15 yr 10 yr 1 yr

H 3 1.24E+01 5.683E-03 0.000E+00 1.80E-11 1.80E-11 2.30E-11 4.80E-11
OT3 (f) 1.24E+01 5.683E-03 0.000E+00 4.20E-11 4.20E-11 5.70E-11 1.20E-10
C 14 5.73E+03 4.945E-02 0.000E+00 5.80E-10 5.70E-10 8.00E-10 1.60E-09
P 32 3.91E-02 6.950E-01 0.000E+00 2.40E-09 3.10E-09 5.30E-09 1.90E-08
S 35 (g) 2.39E-01 4.884E-02 0.000E+00 7.70E-10 9.50E-10 1.60E-09 5.40E-09
CA45 4.46E-01 7.720E-02 0.000E+00 7.10E-10 1.30E-09 1.80E-09 4.90E-09
MN54 8.56E-01 4.220E-03 8.364E-01 7.10E-10 8.70E-10 1.30E-09 3.10E-09
FE55 2.70E+00 4.201E-03 1.691E-03 3.30E-10 7.70E-10 1.10E-09 2.40E-09
CO57 7.42E-01 1.860E-02 1.250E-01 2.10E-10 3.70E-10 5.80E-10 1.60E-09
CO58 1.94E-01 3.413E-02 9.976E-01 7.40E-10 1.10E-09 1.70E-09 4.40E-09
CO60 5.27E+00 9.656E-02 2.500E+00 3.40E-09 7.90E-09 1.10E-08 2.70E-08
ZN65 6.67E-01 6.870E-03 5.845E-01 3.90E-09 4.50E-09 6.40E-09 1.60E-08
SE75 3.28E-01 1.452E-02 3.946E-01 2.60E-09 3.10E-09 6.00E-09 1.30E-08
SR90  † 2.91E+01 1.131E+00 3.163E-03 3.07E-08 8.33E-08 6.59E-08 9.30E-08
ZR95  † 1.75E-01 1.605E-01 1.505E+00 1.53E-09 1.93E-09 2.99E-09 8.78E-09
NB95 9.62E-02 4.444E-02 7.660E-01 5.80E-10 7.40E-10 1.10E-09 3.20E-09
TC99 2.13E+05 1.010E-01 0.000E+00 6.40E-10 8.20E-10 1.30E-09 4.80E-09
RU103 † 1.07E-01 7.478E-02 4.685E-01 7.30E-10 9.20E-10 1.50E-09 4.60E-09
RU106 † 1.01E+00 1.422E+00 2.049E-01 7.00E-09 8.60E-09 1.50E-08 4.90E-08
AG110M † 6.84E-01 8.699E-02 2.740E+00 2.80E-09 3.40E-09 5.20E-09 1.40E-08
SB125 2.77E+00 1.007E-01 4.312E-01 1.10E-09 1.40E-09 2.10E-09 6.10E-09
I 125 1.65E-01 1.940E-02 4.205E-02 1.50E-08 2.20E-08 3.10E-08 5.70E-08
I 129 1.57E+07 6.383E-02 2.463E-02 1.10E-07 1.40E-07 1.90E-07 2.20E-07
I 131 † 2.20E-02 1.935E-01 3.813E-01 2.20E-08 3.40E-08 5.20E-08 1.80E-07
CS134 2.06E+00 1.634E-01 1.550E+00 1.90E-08 1.90E-08 1.40E-08 1.60E-08
CS137 † 3.00E+01 2.486E-01 5.651E-01 1.30E-08 1.30E-08 1.00E-08 1.20E-08
BA140 † 3.49E-02 8.493E-01 2.502E+00 4.60E-09 6.20E-09 1.00E-08 3.10E-08
CE144 † 7.78E-01 1.278E+00 5.282E-02 5.20E-09 6.50E-09 1.10E-08 3.90E-08
PM147 2.62E+00 6.200E-02 4.374E-06 2.60E-10 3.20E-10 5.70E-10 1.90E-09
EU154 8.80E+00 2.923E-01 1.237E+00 2.00E-09 2.50E-09 4.10E-09 1.20E-08
EU155 4.96E+00 6.340E-02 6.062E-02 3.20E-10 4.00E-10 6.80E-10 2.20E-09
PB210 † 2.23E+01 4.279E-01 4.810E-03 6.91E-07 1.90E-06 1.90E-06 3.61E-06
BI210 1.37E-02 3.890E-01 0.000E+00 1.30E-09 1.60E-09 2.90E-09 9.70E-09
PO210 (c) 3.79E-01 0.000E+00 0.000E+00 1.20E-06 1.60E-06 2.60E-06 8.80E-06
PO210 (d) 3.79E-01 0.000E+00 0.000E+00 1.92E-06 2.56E-06 4.16E-06 1.41E-05
RA226 † 1.60E+03 9.559E-01 1.765E+00 2.80E-07 1.50E-06 8.00E-07 9.60E-07
TH228 † 1.91E+00 9.130E-01 1.567E+00 1.43E-07 3.07E-07 4.31E-07 1.10E-06
TH230 7.70E+04 1.462E-02 1.553E-03 2.10E-07 2.20E-07 2.40E-07 4.10E-07
TH232 1.41E+10 1.251E-02 1.332E-03 2.30E-07 2.50E-07 2.90E-07 4.50E-07
TH234 † 6.60E-2 8.815E-01 2.103E-02 3.40E-9 4.20E-09 7.40E-09 2.50E-08
U 234 2.44E+05 1.320E-02 1.733E-03 4.90E-08 7.40E-08 7.40E-08 1.30E-07
U 235 † 7.04E+08 2.147E-01 1.815E-01 4.70E-08 7.00E-08 7.10E-08 1.30E-07
U 238 † 4.47E+09 8.915E-01 2.235E-02 4.84E-08 7.12E-08 7.54E-08 1.45E-07
NP237 † 2.14E+06 2.668E-01 2.382E-01 1.10E-07 1.10E-07 1.10E-07 2.10E-07
PU238 (a) 8.77E+01 1.061E-02 1.812E-03 2.30E-07 2.20E-07 2.40E-07 4.00E-07
PU238 (b) 9.20E-08 8.80E-08 9.60E-08 1.60E-07
PU239  (a) 2.41E+04 6.738E-03 8.065E-04 2.50E-07 2.40E-07 2.70E-07 4.20E-07
PU239 (b) 1.00E-07 9.60E-08 1.08E-07 1.68E-07
PU α (e) 2.41E+04 6.738E-03 8.065E-04 2.50E-07 2.40E-07 2.70E-07 4.20E-07
PU240  (a) 6.54E+03 1.061E-02 1.731E-03 2.50E-07 2.40E-07 2.70E-07 4.20E-07
PU240 (b) 1.00E-07 9.60E-08 1.08E-07 1.68E-07
PU241 (a) 1.44E+01 5.246E-03 2.546E-06 4.80E-09 4.80E-09 5.10E-09 5.70E-09
PU241 (b) 1.92E-09 1.92E-09 2.04E-09 2.28E-09
AM241 (a) 4.32E+02 5.207E-02 3.253E-02 2.00E-07 2.00E-07 2.20E-07 3.70E-07
AM241 (b) 8.00E-08 8.00E-08 8.80E-08 1.48E-07
CM242 4.46E-01 9.594E-03 1.832E-03 1.20E-08 1.50E-08 2.40E-08 7.60E-08
CM243 2.85E+01 1.384E-01 1.347E-01 1.50E-07 1.40E-07 1.60E-07 3.30E-07
CM244 1.81E+01 8.590E-03 1.700E-03 1.20E-07 1.20E-07 1.40E-07 2.90E-07

†     Energy and dose per unit intake data include the effects of radiations of short-lived daughter products
(a)   Gut transfer factor 5.00E-4 for consumption of all foodstuffs except Cumbrian winkles
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(b) Gut transfer factor 2.00E-4 for consumption of Cumbrian winkles

(c) Gut transfer factor 0.5
(d)   Gut transfer factor  0.8
(e)   PU239 data used
(f) Organically bound tritium
(g) Organically bound sulphur
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Annex 5: Kd values

Table A3.1 Kd variation under estuarine conditions (149)
Nuclide Distribution coefficient Kd(mass)(x10-3)

Mean (No.) Range

Spring high water (Esk, Irt & Mite)

106Ru 128 (23) 3-530
134Cs 1.2 (23) 0.06-8.5
137Cs 2.3 (23) 0.6-16.4
144Ce 42.9 (7) 21-108
238Pu 687 (24) 40-1340
239,240Pu 764 (24) 40-1420
241Am 815 (6) 30-189

Spring tidal cycle (Esk)

106Ru 190 (12) 31-942
134Cs 1.3 (12) 0.3-5.2
137Cs 6.6 (14) 0.6-58.9
144Ce 20.5 (4) 12-40
238Pu 1236 (68) 185-10929
239,240Pu 1310 (68) 220-10340
241Am 387 (4) 240-490

Neap high water (Esk)

106Ru 112 (9) 44-432
134Cs 1.4 (11) 0.2-10.5
137Cs 11.5 (13) 0.4-71.6
144Ce 28.3 (3) 18-45
238Pu 1060 (13) 190-3500
239,240Pu 1084 (13) 210-3330
241Am 384 (5) 240-680

Neap tidal cycle

106Ru 122 (6) 58-284
134Cs 0.9 (9) 0.2-2.9
137Cs 9.6 (12) 0.5-67.3
144Ce
238Pu 1084 (50) 220-5325
239,240Pu 1180 (50) 230-4710
241Am 510 (2) 230-790
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Annex 6: Concentration factors (CF); compiled by Swift (103)
 [which should be consulted for full reference details]

Table A6.1 Marine fish concentration factors
Table A6.2 Marine fish: comparison of reported CF values
Table A6.2 Marine fish: comparison of reported CF values
Table A6.3 Marine Crustacea concentration factors
Table A6.4 Marine Crustacea: comparison of reported CF values
Table A6.5 Marine Mollusca concentration factors
Table A6.6 Marine Mollusca: comparison of reported CF values.
Table A6.7 Marine macro-algae concentration factors.

Table A6.1 Marine fish concentration factors (103)

Element Mean CF Range Authors Date Type

    Fe      5      -          Tateda et al. 1985 L*

    Cs    60 20-150          Steele 1990 E
         Tateda & Koyanagi 1996 E
         Kasamatsu & Ishikawa             1997 E
         Rissanen et al. 1997 E

    Po 17500          7000-36000     Skwarzec 1988 E
         Carvalho & Fowler. 1994 E

    Pu    350 10-1000        Hayashi et al. 1990 E
         Rissanen et al. 1997 E

   Am      50 40-70          Hayashi et al. 1990 E

*L Laboratory based study
  E Environmental measurements
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Table A6.2 Marine fish: comparison of reported CF values (103)

A* B C D E F

Fe 3000 - 3000 1000 5 -
Cs 100 296 - 50-100 60 60
Po 2000 7339 - - 17500 19000
Pu 40 103 - 3 20 10
Am 50 - - 1 50 40

*References:
A IAEA, (1985). ‘Best estimate’ values.
B Gomez et al., (1991). Mean values.
C Poston & Klopfer, (1986).
D Neumann, (1985).
E This study. Mean of all values.
F This study. Mean values for UK fish species only.
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Table A6.3 Marine Crustacea concentration factors (103)

Element Mean CF Range Authors Date                     Type

     Cr    100 10-200 Peternac & Legovic 1986 L*

      Tc    980 15-7700 Swift 1985 L
Conversi 1985 L
Busby et al. 1997 E
Knowles et al. 1998 L

      Sb       25     - Gandon et al. 1998 E

      Cs       25     - Kasamatsu & Ishikawa 1997 E

      Po 20000 10-75000 Skwarzec & Falkowski 1988 E
McDonald et al. 1993 E
Swift et al. 1994 E
Carvalho & Fowler. 1994 E

      U      12 7-20 Ahsanullah & Williams 1989 L

     Pu    190 75-250 Guary & Fowler 1990 L
Hayashi et al. 1990 E
Swift 1992 L

     Am    350 150-550 Guary & Fowler 1990 L
Hayashi et al. 1990 E

       Cf    440 220-670 Fowler et al. 1986 L

*L Laboratory based study
  E Environmental measurements
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Table A6.4 Marine Crustacea: comparison of reported CF values. (103)

A* B C D

Cr 500 1000 100 -
Tc 1000 100 1000 1200
Sb 400 300 20 -
Cs 30 30 25 25
Po 50000 - 20000 11000
U 10 - 10 -
Pu 300 500 190 250
Am 500 - 500 550
Cf (500). - 440 -

*References:
A IAEA, (1985). ‘Best estimate’ values.
B Neumann, (1985).
C This study. Mean of all values.
D This study. Mean values for UK Crustacea species only.
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Table A6.5 Marine Mollusca concentration factors (103)

Element Mean CF Range Authors Date
Type

   Mn 600 150-1500 Ueda et al. 1985 L*
Ikuta & Nakahara 1986 L
Tateda & Koyanagi 1986 L

   Fe 110 70-210 Tateda et al. 1984 L
Ueda et al. 1985 L
Tateda & Koyanagi 1986 L

   Co   80 10-160 Evans 1984 L
Ueda et al. 1985 L
Tateda & Koyanagi 1986 L
Carvalho. 1987 L

   Zn 110 20-160 Ueda et al. 1985 L
Tateda & Koyanagi 1986 L

   Zr/Nb     5     - Ueda et al. 1985 L

   Tc 1500 1-4300 Masson et al. 1986 L
Patti et al. 1986 E
Swift 1989 L
Busby et al. 1997 E

   Ru 360 2-800 Ueda et al. 1985 L
Whitehead et al. 1988 E

   Sb   10 1-20 Kimura 1986 L
Gandon et al. 1998 E

   Cs 120 5-770 Evans 1984 L
Ueda et al. 1985 L
Whitehead et al. 1988 E
McDonald et al. 1993 E
Kasamatsu & Ishikawa 1997 E

   Ce      20     - Ueda et al. 1985 L

   Pb  1300 30-7400 McDonald et al. 1992 E

   Po 22000 2200-75000 Skwarzec & Falkowski 1988 E
McDonald et al. 1992 E
McDonald et al. 1993 E
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   Th    500 360-1000 Szefer & Wenne 1987 E

   U     30    4-130 Szefer & Wenne 1987 E
Ahsanullah & Williams 1989 L
McDonald et al. 1992 E

   Pu 1900 30-7500 Aston & Fowler 1984 L
Miramand & Germain 1985 E
Swift & Pentreath 1988 E
Hayashi et al. 1990 L
McDonald et al. 1993 E
Swift 1995 E

   Am 7600 130-29000 Miramand & Germain 1985 L
Hayashi et al. 1990 E
Swift 1995 E

   Cm 5000 80-14000 Miramand et al. 1987 L
Swift 1995 E

   Cf     80      - Fowler et al. 1986 L

*L Laboratory based study
  E Environmental measurements
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Table A6.6 Marine Mollusca: comparison of reported CF values. (103)

A* B C

Mn 5000 600 -
Fe 30000 110 -
Co 5000 80 -
Zn 30000 110 -

Zr / Nb 5000 5 -
Tc 1000 1300 1100
Ru 2000 360 -
Sb 200 20 20
Cs 30 120 15
Ce 5000 20 -
Pb (1000). 1300 1350
Po (10000). 22000 22000
Th 1000 530 550
U 30 30 30
Pu 3000 1900 3600
Am 20000 7600 29000
Cm 30000 4700 -
Cf (20000). 80 -

*References
A IAEA, (1985). ‘Best estimate’ values.
B This study. Mean values.
C This study. Mean values for UK mollusca species only.
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Table A6.7 Marine macro-algae concentration factors. (103)

Element Mean CF Range Authors Date Type

   Mn 1330      - Ueda et al. 1985 L*

   Fe   250 20-500 Ueda et al. 1985 L

   Co  200 40-400 Ueda et al. 1985 L

   Zn  140 20-260 Ueda et al. 1985 L

  Zr/Nb730 200-1400 Ueda et al. 1985 L

   Tc 8000 1-120000 Topcuoglu & Fowler 1984 L
Benco et al. 1986 L
Patti et al. 1986 E
Bonotto et al. 1988 L
Matsuoka et al. 1990 E
Carlson & Holm 1992 E
Smith et al. 1997 E

   Ru   400 300-500 Ueda et al. 1985 L

   Sb     17 10-25 Gandon et al. 1998 E

   Cs   220 5-700 Ueda et al. 1985 L
Carlson & Erlandsson 1991 E
Carlson & Holm 1992 E
Tateda & Koyanagi 1994 E

   Ce 1000 40-2700 Ueda et al. 1985 L

   Pb   180 10-440 McDonald et al. 1992 E

   Po 1000 70-2500 McDonald et al. 1992 E

   U    50 20-130 McDonald et al. 1992 E

   Pu 350     - Hayashi et al. 1990 E

   Am 220     - Hayashi et al. 1990 E

* L Laboratory based study;  E Environmental measurements
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Table A6.8 Marine macro-algae: comparison of reported CF values. (103)

A* B C

Mn 6000 1330 -
Fe 30000 250 -
Co 10000 200 -
Zn 20000 140 -

Zr / Nb 3000 730 -
Tc 1000 8000 23000
Ru 2000 400 -
Sb 400 17 17
Cs 50 220 260
Ce 5000 1000 -
Pb 1000 180 180
Po 1000 1000 1000
U 100 50 50
Pu 2000 350 350
Am 8000 220 220

*References:
A IAEA, (1985). ‘Best estimate’ values.
B This study. Mean of all values.
C This study. Mean values for UK macro-algae species only.
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Annex 7: Databases of radionuclides concentrations in the
environment: contact points

1. AMAP Data Centre:
Dr Per Strand
Norwegian Radiation Protection Authority
Postboks 55
N-1345
Osterås, Norway

tel: +47 67 16 25 00
fax: +47 6714 74 07
e-mail: postmottak@nrpa.no
http://www.nrpa.no

2. GLOMARD Database
Dr Pavel Povinec
Marine Environment Laboratory, IAEA
4 Quai Antione 1 er
BP 800
MC98012, Monaco

tel: +377 97 97 72 72
fax: +377 97 97 72 73
e-mail: mel@iaea.orb
http://www.iaea.org/monaco/glomard

3.Other useful web sites:

www.ipsn.fr/nord-cotentin

www.ospar.org

www.environment-agency.gov.uk

www.sepa.gov.uk

www.cefas.co.uk

http://www.cefas.co.uk
http://www.sepa.gov.uk
http://www.environment-agency.gov.uk
http://www.ospar.org
http://www.ipsn.fr/nord-contentin
http://www.iaea.org/manaco/glomard
http://www.nrpo.no
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