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1 Introduction

The aim of this report is to identify existing assessments of radiological exposures
from marine pathways to critical groups in the OSPAR region, and to examine the
assumptions included in these calculations.  Table 1 summarises the habit data used in
the various projects discussed here.  Uncertainty assessments of these doses are also
considered where available.  The sources of radioactivity include civil nuclear site
discharges, solid waste disposal in the Northwest Atlantic, fallout from the Chernobyl
accident, fallout from nuclear weapons testing and naturally occurring radionuclides. 
The dose limit for a member of the general public is 1 mSv a-1, and in most regions
the main anthropogenic contributor to dose from marine pathways is 137Cs.  Below,
sources of dose estimations are identified for critical groups in different geographical
regions, and the assumptions and some key dose rates are recorded.  After these
summaries, there is a more general discussion concerning the different approaches
used and possibilities for the future of dose assessment.

2 Northern Europe

The Marina Project (1990) examined doses to a variety of critical groups using data
available from reports and publications.  The critical groups considered were those
living near nuclear facilities and those exposed to solid waste disposal in the
north-east Atlantic, fallout from the Chernobyl accident, and naturally-occurring
radionuclides.  The habit data used in the calculations varies according to the source
of the information, and is therefore difficult to summarise here. Monitoring programs
provided the data for levels of radioactivity in the food and sediments of the different
areas.

The highest critical group doses from a nuclear installation were found near Sellafield
where, in the period between 1980-86, exposures were estimated by MAFF to be as
high as 3.5 mSv a –1.  These doses do not agree with more recent retrospective
assessments (see below; Hunt, 1997) largely because of a change in the gut transfer
factor used for the transuranics.  The older calculations use a gut transfer factor of
0.0005 and the newer calculations use a factor of 0.0002 for transuranics in winkles,
which deliver a large proportion of the dose in this area.  In the following period, 
doses were calculated to fall following changes in waste management practices.

All critical group doses from waste disposal at sea were calculated to be less than
0.002 mSv a-1.  These calculations used a hypothetical pathway in which the critical
groups consumed 600 g d-1 of fish muscle.  The highest dose from the Chernobyl
accident was delivered to the critical group in the Baltic Sea region (which does not
fall within OSPAR), who received a maximum dose of 0.08 mSv during 1986. 

Naturally occurring radionuclides deliver maximum critical group doses of 2 mSv a–1,
with 210Po being the most important radionuclide.

2.1 Cap de la Hague

In the Nord-Cotentin radioecology group report (1999), realistic estimates were made
of doses to the most-exposed group of individuals in the Beaumont-Hague Canton
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region of France.  The sources of exposure were nuclear facilities, medical and natural
radiation, fallout from weapons testing and the Chernobyl accident.  The local nuclear
facilities are the COGEMA Cap de la Hague reprocessing plants, ANDRA’s shallow-
land radioactive waste repository at Cap de la Hague, EDF’s nuclear power station in
Flamanville and the French Navy Arsenal in Cherbourg.  Dietary and dose-relevant
habits were included in the dose assessment along with data on the geographic areas
of these groups.  Monitoring programs supplied the activity data and activities were
converted into doses using factors recommended by international organisations.  The
dose relevant habits used were the worst case habits, with exposure arising from
particular behaviour or location, but they were kept within realistic limits.  Effective
doses were calculated, which are doses to the whole body.

The highest doses from marine and terrestrial pathways (outside the near field) were
calculated to be received by the fishermen of Huquets and the farmers of
Pont-Durand, who received 0.23 and 0.053 mSv a-1 in 1985 and 0.026 and
0.059 mSv a-1 in 1996, respectively (see Figure 1).  These calculated doses were
significantly higher than those received by the ‘critical groups’ used by COGEMA,
the fishermen of Goury and the inhabitants of Digulleville, who were reported by
COGEMA to receive 0.041 and 0.014 mSv a-1 in 1985 and 0.005 and 0.006 mSv a-1 in
1996, respectively.  The differences in critical group dose assessments are a result of
the choices of habit data, and the report suggests that these results may be considered
as a test of the sensitivity of these factors.  The doses can be compared with the
natural radioactivity dose of 2.4 mSv a-1.  The habits of the fishermen of Huquets can
be summarised as consumption of 67 kg a-1 of fish, 61 kg a-1 crustaceans and 31 kg a-1

molluscs, and 2400 h a-1 spent outdoors, 20 h a-1 bathing, 100 h a-1 on the beach and
2400 h a-1 handling fishing equipment.  This list excludes the terrestrial pathways
included in the assessment.  The report recommends that uncertainty studies be carried
out in the future on dose calculations.

An incident occurred at COGEMA in 1979/1980 when the sea release pipe was
damaged, creating a hole about 1 m long and 4 cm wide.  This was located
approximately 200 m from the shore.  The perforation is estimated to have occurred
between September and the end of November 1979.  The radiological impact of this
incident was reconstructed. COGEMA used very conservative assumptions of seafood
consumption and measurements of the activity of a number of radionuclides in the
marine fauna (106Ru-Rh, 144Ce-Pr, 137Cs, 125Sb, 110mAg) and estimated activities of
90Sr, which was not measured at the time.  The doses were calculated to be 0.12 mSv
in 1979 and 0.10 mSv in 1980 for the reference group (children from 7 to 12 years
old).  Complementary estimates were further completed by the Nord Cotentin
Working group GT4, leading to individual doses (critical group) of 0.086 mSv in
1979 and 0.27 mSv in 1980 for an average adult and 0.21 mSv in 1979 and 0.66 mSv
in 1980 for a fisherman.  Since these are conservative doses, they cannot be directly
compared with the doses plotted in Figure 1.

2.2 Sellafield

The area surrounding Sellafield is by far the most studied area in terms of doses to
critical groups. MAFF conduct detailed and lengthy surveys of behaviour patterns in
the area, and so the critical groups are well characterised.  The environment and
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foodstuffs are also monitored closely.  The main dose-delivering radioisotopes have
changed over time, as have the main pathways, and remobilisation of elements such as
Cs is considered along with direct discharges.  This has been reviewed extensively in
the literature (Hunt, 1991; Hunt, 1997; Hunt et al., 1998, Hunt and Smith, 1999). 
There are also historical reassessments of doses, comparing exposure with the new
limits and using ICRP 60 methodology (Hunt, 1997).

Briefly, until the early 1970’s, the critical pathway was the consumption of Porphyra
umbilicalis in the foodstuff laverbread, with the dose arising from 106Ru.  The peak
effective dose rates fluctuated around the 1 mSv a-1 level from 1952-1970. 
Laverbread was mostly eaten in South Wales and this pathway became less important
as rail transport between Cumbria and Wales was reduced.  Emissions of 106Ru also
decreased from the mid-1970’s, again reducing the importance of this pathway.  The
critical pathway for 1972-1973 became external exposure over mud in the Ravenglass
estuary, due to the growing importance of 95Zr/Nb and 144Ce.  Following this, due to
an increase in radiocaesium emissions, the consumption of fish and shellfish was
reported as the most important pathway, and this caused the highest internal doses to a
critical group in the area, of 1.9 mSv a-1 in 1975 (Hunt, 1997).  As caesium emissions
declined, external radiation again became the most important pathway to the critical
groups in 1985 because the external doses decrease more slowly than seafood
concentrations in response to the lower discharges.  Figure 2 shows the doses to the
three main critical groups from 1988-1999, the consumers in the local fishing
community, the houseboat dwellers on the river Ribble who have a relatively high
external exposure from the long times spent over the contaminated sediment, and
local fishermen who experience skin exposure via the handling of fishing gear.
External exposure remained a key pathway, but from 1988, the local consumers again
became the group receiving the highest dose.  The higher external doses received by
fishermen handling fishing gear in 1993 was attributed to an increase in exposure
time.  Figure 3 shows the changes in the consumption habits of the local consumers
from 1988-1999, demonstrating the high variability of habit data from year to year.

For most of the period shown in Figure 2, the main contribution to the doses delivered
by ingestion to consumers in the local fishing community came from 239,240Pu and
241Am.  In the review by Hunt and Smith (1999), it is shown that this critical group
would have experienced a peak effective dose in 1976 of about 2 mSv, of which about
30% was due to actinides.  By the early 1990s, the overall dose had decreased to about
0.1 mSv a-1, but the actinide component had increased to 80% prior to the introduction
of Enhanced Actinide Removal Plant (EARP) in 1994.  From this time, 99Tc became
an important contributor.  Figure 4 shows the dose delivered from the most important
isotopes to the critical group of consumers of fish and shellfish in the local community
in 1993, 1997 and 1999.  Doses to the critical group from 99Tc peaked in 1997 at
0.053 mSv a-1, and in this year 99Tc was the largest contributor, with doses from
241Am at 0.021 mSv a-1.  By 1999, 239,240Pu and 241Am were again the most important
contributors to the exposure of this critical group, giving doses of 0.046 and
0.082 mSv a-1 respectively, compared to 0.016 mSv a-1 from 99Tc.

Certain additional critical groups have appeared in the MAFF reports and these are
outlined here.  In 1993, fishermen on the Scottish coast were found to experience
higher doses than the local Sellafield fishermen, receiving a dose of 0.11 mSv a-1
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using ICRP-60 methodology, through the consumption of 38 kg fish, 13 kg
crustaceans and 16 kg molluscs in that year.  In the 1990’s, anglers who dig for bait
were also found to experience high external doses through skin contact with intertidal
sediment.  Their doses have been as high as 0.88 mSv a-1 in 1997.  In 1998, the
highest internal dose pathway was through the consumption of fishing by-catches by a
family of local consumers, who received 0.33 mSv each in the year.  Seafood
by-catches include seamice which are not normally eaten by humans.  This critical
group consumed 8.3 kg a-1 seamice, 19 kg a-1 crab, 22 kg a-1 whelks, 1.7 kg a-1 lobster
and 7.5 kg a-1 plaice. 

Doses as a result of contact with, or ingestion of, fragments of irradiated nuclear fuel
of a similar size to grains of sand, known as hot particles, are currently being
investigated.  In the 1998 Scottish Environment Protection Agency (SEPA) report, the
risks associated with ingesting or direct skin contact with one of the hot particles
found in the vicinity of Dounreay were assessed.  The presence of these particles has
been explained by the United Kingdom Atomic Energy Authority by the fracturing of
a plastic pipe which was used to transfer demineralised water to the Dounreay
Materials Testing Reactor fuel element pond water.  This caused the pond water to be
siphoned out, contaminating an area of about 78 m2.  Attempts to clean the area
involved removing contaminated grit and then hosing the area into a storm drain. 
UKAEA propose that some of these particles were transported to a cliff, where they
remained until a severe storm in 1983 caused erosion and their release.  An alternative
theory (COMPARE/RWMAC, 1995) is that the area around the waste disposal shaft
was contaminated, either by debris or by an explosion in 1977 or by accidental
spillage, and that erosion of this area is the mechanism transferring the particles to the
foreshore.  The number of metallic particles found per annum is variable, ranging
randomly between 4-26 in the period 1984 and 1994, and is not showing an
appreciable decline.  The doses from these particles could be significant.  Ingestion of
one of the highest activity particles (2 x 108 Bq; mainly from enriched uranium and
fission products) could give a dose equivalent to the intestine of tens of sieverts and
the dose to red bone marrow would be in the region of hundreds of millisieverts. 
Even the particles in the most probable activity range (106 – 107 Bq) would give an
equivalent dose to bone marrow of tens of millisieverts.  In 1997 the detection of
pieces of irradiated fuel off shore resulted in a two-kilometre fishing exclusion zone.

3 The Baltic Sea

Marina-Balt (2000) examined doses to the Baltic critical groups on a regional scale,
encompassing 9 geographic divisions. Of these, only the Kattegat falls within the
OSPAR region.  In the critical dose assessment, marine pathways that are known to be
most important when radiocaesium is a major contributor were considered.  These
pathways include ingestion of fish, crustaceans and molluscs, inhalation of
contaminated sediment and sea spray, and external exposure from occupancy on
contaminated coastal areas.  The habit data collected was highly variable and not
easily divided into national habits.  The upper end of the data was therefore combined
and used for critical groups in all countries, as a conservative estimate.  The habits of
the critical groups were therefore assumed to include the consumption of 90 kg a-1 of
fish, 10 kg a-1 of crustaceans and 10 kg a-1 of molluscs, and beach occupancy of
700 h a-1.  Assumptions on inhalation rates and concentrations of resuspended
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airborne particulates and seaspray were adapted from IAEA (1986).  137Cs
concentrations of fish and shellfish in the Baltic sea were used in conjunction with
catch statistics and gut transfer units taken from IAEA (1996).

The doses to the critical groups from Chernobyl fallout, weapons testing fallout,
nuclear reprocessing facilities, nuclear power plants, nuclear research facilities and sea
dumpings in the 1960’s were considered individually for each region, along with the
does from natural radioactivity.  Fallout from the Chernobyl accident dominates the
annual dose in every critical group in the Baltic region, and the peak doses from the
different sources are shown for the Kattegat region in Table 2.  Naturally occurring
radioactivity was considered from 210Po, using typical Baltic Sea concentrations of
0.8 Bq kg-1 for fish, 20 Bq kg-1 for crustaceans and 30 Bq kg-1 for molluscs.  The dose
to critical groups from marine exposure pathways involving naturally occurring
radionuclides is 0.7 mSv a-1, a factor of 3-4 higher than any maximum dose rate from
anthropogenic radioactivity in the Baltic region.

4 The Arctic Ocean

The Arctic Monitoring and Assessment Programme (AMAP) has looked in detail at
Arctic sensitivity and the critical groups living in the Arctic.  Information has been
gathered on population characteristics such as occupation, housing and food
consumption in 8 Arctic countries and the critical groups have been defined as those
groups of people expected to receive higher doses of radiocaesium, as shown in
Table 3.  90Sr was considered for a few countries, but it is less significant than 137Cs,
particularly for the critical groups.  The critical groups are of variable size and the
Greenland group is hypothetical.  Estimates of external dose have, where appropriate,
taken account of the shielding effects of different types of dwelling.  The data are
based on environmental measurements and, where the habit data used are those
collected specifically, the assessments are realistic.

The overall findings were that the major dose to the average population is from radon
(0.5-4 mSv a-1) giving a lifetime dose of 30-300 mSv.  Anthropogenic radionuclides
give average lifetime doses of 2-15 mSv, but the selected ‘critical’ groups receive
total committed doses in the region of 145-160 mSv.  The main source of dose from
anthropogenic radionuclides is reindeer/caribou consumption, and so not from marine
pathways.  The uncertainty assessments for the general populations were made by
comparison with whole body gamma measurements, which showed a general
tendency for overestimation of dose via consumption pathways, with the exception of
Northern Russia.  They show the importance of including countermeasures in dose
assessments, and the uncertainties that can arise from the averaging of national data. 
Whole body measurements to the critical groups were not discussed.

The European Commission Kara Sea report (1997) calculated the doses to critical
groups from the dumping of radioactive waste in the Kara Sea using the IAEA
assumptions of ingestion of 110 kg a-1 fish, 11 kg a-1 crustaceans and 8 kg a-1

molluscs, inhalation of 1 m3 h-1 for 1000 h a-1 at a loading of 10g sea spray and
0.25 µg marine sediment per cubic metre of air, and external gamma-ray exposure
from 1000 h a-1 occupancy of coastal beaches where coastal sediments have
radionuclide concentrations 10 times lower than fine-grained marine sediments.  The
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best-estimate scenarios show that dose rates to the critical group in Iceland peak in
3700 at 8 x 10-12 Sv a-1, with contributions from 239Pu and 240Pu of 74% and 24%,
respectively, predominantly through the consumption of molluscs.  In Norway, the
maximum annual dose of 1 x 10-11 Sv a-1 arose almost immediately from short-lived
corrosion products (mostly 55Fe) through ingestion pathways.  In the Kola peninsula
the maximum annual dose occurred in 1974 at a level of 9 x 10-11 Sv a-1, with 55Fe
contributing 99.6% of the dose.  Secondary maxima are also observed when Pu
isotopes are released, and these dose rates are maintained over a longer period. 
Uncertainties were assessed and were found to be large however, even within the
uncertainty of the predictions, the doses to critical groups did not exceed a few micro
sieverts a year.  The predictions were particularly sensitive to sedimentation processes
that remove radionuclides from the water column.

The International Arctic Sea Assessment Project (IASAP) report (1998) examined the
doses to critical groups from the dumping of radioactive waste in the Arctic seas. 
Only one of the critical groups falls within the OSPAR region – the group
representative of the average local Russian population located on the Kola peninsula. 
Consumption of fish, assumed to be caught in the Barent’s Sea, was taken as
50 kg a-1, in addition to 0.5 kg a-1 of molluscs and 1 kg a-1 of crustaceans.  Seaweed
and sea mammal consumption were not included, nor was an external exposure
pathway.  Exposure was calculated for 3 exposure pathways: scenario A looks at the
‘best estimate’ assuming release is governed solely by corrosion processes, scenario B
considers the ‘worst possible case’ where a collision or explosion causes a complete
breach of the containment of the waste in the year 2050 and scenario C addresses
‘climate change’, where glaciation and subsequent warming cause release in the year
3000.  All models assumed that all corroded material was immediately released to the
environment, making these highly conservative estimates.  All of the radionuclide
inventories were included.  Under scenario A, the relevant critical group was found to
experience a maximum individual dose rate in the region of 5 x 10-12 – 2 x 10-9 Sv a-1

in the years 2000 - 2400, with the highest exposure arising from the Abrosimov fjord
sources through ingestion of 137Cs and 239,240Pu.  Under Scenario B and considering
only the Tsivolka fjord sources, this increased to 1 x 10-10 – 2 x 10-8 Sv a-1 in the years
2100-2200, through ingestion of 239Pu and 137Cs.  Under Scenario C, the maximum
individual dose rates of 6 x 10-10 – 6 x 10-9 Sv a-1 would be experienced in the years
3000-3089 through ingestion of 239,240Pu.  Therefore, under any of the scenarios
considered, the doses from these sea dumpings are negligible.

5 The Mediterranean

The Marina Med project (1994) assessed doses to the critical group in the
Mediterranean region.  The critical group considered was a generalised group with
high fish and shellfish consumption rates, 73 kg a-1 and 35 kg a-1, respectively.
Average consumption rates were 5 kg a-1 of fish and 2 kg a-1 of shellfish.  Doses from
137Cs and 210Po were considered, calculating the isotope concentrations in the fish and
shellfish in two different ways.  Firstly, the overall mean measured concentrations in
fish and shellfish from the Mediterranean sea were used, and then the concentrations
were calculated using measured seawater concentrations and the known biota
concentration factors (IAEA, 1985).  The mean of each pair of these values was used
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in the dose calculation, along with the fishing catch statistics and import/export for
each region, and with Cs considered to have a 70 day half-life in the body.

It was calculated that the critical group received doses of 0.0005 mSv a-1 from 137Cs
and 0.54 mSv a-1 from 210Po in 1990.  The Po dose was half the annual dose from
natural background excluding radon.  The critical Mediterranean group may get an
integrated effective dose from Chernobyl 137Cs in marine food of about 0.0075 mSv,
which is approximately 5 times lower than the Black Sea critical group and 2 times
lower than Baltic critical group (Marina Project, 1990).

6 Estimated Doses in the OSPAR Region

Annual doses have been calculated for generic critical groups in the OSPSAR region
in the period 1988-2000.  Average consumption rates were based on the MAFF habit
studies from 1988-1999 for the Sellafield critical group of local consumers in the
fishing community:

- Fish – 34 kg a-1

- Crustaceans – 12 kg a –1

- Molluscs – 11 kg a-1

This is considered the best estimate available for this generalised critical group, as it is
the most detailed survey of actual habits.  All exposure has been assumed to result
from consumption of seafood, considering the isotopes 137Cs, 90Sr, 99Tc and 239,240Pu. 
The activity concentration of each type of seafood was calculated from the maximum
seawater concentration in each area in each year (see sections 2-5), using
concentration factors taken from IAEA (1985).  This approach was used because
seawater data are the most abundant.  The doses were calculated using dose factors
recommended by the European Council (Directive 96/29 Euratom of 13 May 1996).

The results from this calculation show maximum annual doses in the range
0.01-0.2 mSv to individuals from critical groups in the Irish Sea region due to
Sellafield discharges to sea.  The doses are predominantly due to 137Cs and 239,240Pu. 
For the remaining areas of the OSPAR region the maximum annual doses to
individuals of the critical groups are below 0.01 mSv.

7 Discussion

The level of detail included in habit assessment varies very significantly depending on
proximity to a recognised source term and the perceived risk to a critical group, as
shown in Table 1.  There is a very significant variation in critical group habits
between the studies and Table 1 shows how there is at least a factor of 2 between the
lowest and highest frequency of each habit. In order to make the most accurate
assessment it is necessary to carry out detailed habit studies on a regular basis.  The
patterns emerging from the MAFF assessments of doses to the Sellafield critical
groups shows how sensitive the data is both to fluctuations in discharges and the
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particular consumption or habit of the critical group over time (e.g. Figure 3). 
However, increasing the level of detail in these studies may not be particularly useful,
or may be too complex to be of any practicable benefit.  For example, although
cooking practices will affect the dose received, including them will not aid the dose
assessment without further information such as whether the cooking water is
consumed in addition to the food (Jackson and Rickard, 1998).  Factors such as size of
organisms consumed are also of limited use because of lack of real information on
where the seafood was caught and the cooking procedure used.  Moreover, for a
reasonable sized critical group, there may be some variation in these preferences,
adding further to the complexity of how they can helpfully be used.  In general, the
level of detail that is useful is related to the risk to the group, the ability to define a
critical group and the homogeneity of that group.  Many studies of communities away
from a particularly dominant source do not have a defined critical group, making
specific habit studies impossible to carry out.  Equally, the habit data of the critical
group may be too disperse, such as that collected in the Marina-Balt project which
could not be used to define regional critical groups.

The general consensus in dose assessment is for realistic rather than conservative
assessments, based on habit data for the population of interest and including
uncertainty assessment of the numbers reached.  Arguably, it is not relevant to put
uncertainties on intentionally conservative estimates, or for predictive calculations,
which tend to be for the worst-case scenarios.  The current reality is that uncertainty
assessments are rarely given, and when they are, they are quite vague rather than being
carefully derived numbers.  Examples of attempts to include an uncertainty
assessment are the Nord-Cotentin project (2000) where the groups identified as
critical in the area of COGEMA reprocessing plant differed in the studies by
COGEMA and Nord-Cotentin.  The Nord-Cotentin study suggested that this was an
indication of the sensitivity of the choice of habit data.  Another approach, when
calculating uncertainties on internal doses, is to carry out whole body measurements
and contrast these with the calculated dose, as done in the AMAP project for doses to
the general population.  If an uncertainty has to be derived from the assumptions
included in the dose calculation, it must include considerations such as whether the
data is generic, or from habit studies for that area.  What time scale/how often/how
detailed were the habit studies?  How many radionuclides are included?  How
accurate are the gut transfer factors1?  How homogenous is the critical group? 

Since uncertainty assessments are difficult to derive in the absence of an
‘experimental’ check, such as thorough whole body gamma counting, they will tend to
be large.  They will be particularly large when doses are very low, and when a
definable, homogenous critical group is not available.  In the absence of a relevant
habit study for a critical group, consumer data can be used to calculate hypothetical
critical groups through consumption pathways, as there are accepted relationships
between critical consumers and average consumers.  For example, in the UK critical
consumers tend to eat 10 times more of a particular foodstuff than average consumers.
 While realistic data are generally more preferable than worst case estimates, in many
regions of low anthropogenic input worst case estimates still give sufficient

                                                
1 Hunt (1991) discusses using gut transfer factors of 0.0002 and 0.0005 for Pu and Am as realistic and cautious
approaches.
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confidence that it is a very low risk area.  The choice of a very inaccurate ‘realistic’
dose assessment over a conservative one may be of marginal, if any, actual benefit,
and the ‘fitness for purpose’ of the assessment should be considered.
Since 1983 fragments of irradiated nuclear fuel of a similar size to grains of sand have
been found in the marine environment around the Dounreay Research facility,
Scotland.  The radiation doses as a result of human contact with, or ingestion of, these
hot particles could be significant. SEPA carry out a beach monitoring program, aimed
at removing the particles, but Day (2001) argues that the program is inadequate and
estimates that less than 1% of the particles which may be on, or in, the beach over the
course of time will be detected and removed.  Further work is on-going and
information can be found on the SEPA website (http://www.sepa.org.uk).

The Nord-Cotentin report looks in detail at public health issues, addressing the effect
of nuclear facilities on the likelihood of leukaemia in young people living in the area.
The data could not explain the cases of leukaemia occurring in the area, and they
suggest other sources of radioactivity be monitored more closely.
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Table 1 Summary of habit data

Consumption (kg a-1)Study
(Year)

Habit
Assessment Fish Crustaceans Molluscs

Beach
Occupancy

(h a-1)
Marina
(1990)

From literature
and reports

Varied according to the information available for
each location

Marina Med
(1994)

Assumption 73 35

EC Kara Sea
(1997)

IAEA
assumptions

110 11 8 1000

IASAP
(1998)

Estimated to be
representative of
the average local

Russian
population

50 1 0.5 Not
considered

MAFF/SEPA
(1998)

Realistic, from
detailed habit

studies

45 28 15 ‡1100

Nord-Cotentin
(1999)

Realistic worst
case estimates –
95 percentile of

seafood
consumers

†67 †61 †31 †*100

Marina Balt
(2000)

Realistic estimate
from habit data
collected in the

region

90 10 10 700

†These data are for the most exposed group in this study – the fishermen of Huquets

*N.B. the fishermen of Huquets also spend 2400 h yr-1 outside and 2400 hr a-1 handling
fishing equipment.

‡The critical group is the local fishermen who spend this time over intertidal sediments.
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Table 2 Peak annual doses to the critical group in the Kattegat from different
sources (Marina-Balt, 2000)

Source Region Year of Peak Dose
Rate (1950-2000)

Peak
Annual
Dose

(mSv a-1)

Weapons Fallout All 1965 0.01

European Reprocessing
Facilities

Kattegat 1980 0.02

Chernobyl Fallout (70% of
the maximum dose in the

Kattegat)

Kattegat 1986 0.04
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Table 3 Critical Group Descriptions in AMAP report (1998)

Region Critical Group Habits
Finnish Lapland Adult Saami

reindeer herders
Dwellings and food consumption are

specifically assessed and monitored over
time

Greenland Hypothetical
group

Assumed to consume only reindeer meat
(not imported meat or lamb), only freshwater

fish (not marine) and locally collected
berries (not imported fruit)

Northern Russia Reindeer herders Dwellings, movement and food assessed.
Food studied carefully since the 1960’s.

Northern
Norway

Males and
females

associated with
reindeer
breeding

National data

Iceland Over 50 age
group (highest

fish
consumption)

National data

Arctic Sweden Reindeer herders Relatively high consumption of reindeer
meat and fish from the region
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Figure 1 Variation of the annual total effective dose to fishermen in the Huquets
area (Nord-Cotentin, 2000)

Figure 2 Doses to the Sellafield critical groups over time (MAFF/SEPA reports
1988-1999, except for 1990 data which comes from BNFL and only considers the local
consumer critical group).

The doses to the consumers in the local fishing community are internal doses, using the
accepted gut transfer factors for transuranics of 0.0002 for winkles caught in the Irish Sea and
0.0005 in other cases.  1999 is an exception as it includes a contribution from the external
dose. Doses to the houseboat dwellers on the River Ribble are external doses.  Those to the
local fishing community from handling fishing gear are doses to skin, and should be
compared with the ICRP-recommended dose limit of 50 mSv a-1.
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Figure 3 Consumption of fish, crustaceans and molluscs by the critical group of
consumers in the local fishing community near Sellafield (MAFF/SEPA reports,
1988-1999)
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Figure 4 Dose distribution by nuclide to the fishing community critical group at
Sellafield by ingestion.  1999 includes an external exposure component, which was not
considered in 1993 or 1997 (MAFF/SEPA reports, 1993, 1997 and 1999).
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Figure 5 Maximum2 annual doses in the OSPAR region from marine pathways
(mSv) calculated from observed concentrations of man-made radionuclides in the water

The figure shows for each sub-region the compartment number, the compartment name and in
brackets the year in which the maximum dose occurs.

                                                
2These are the maximum annual doses based on normalised consumption rates and not the actual maximum
doses measured.
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Figure 6 Maximum annual doses from marine pathways in selected OSPAR
regions (compartment number, compartment name) shown by contribution from man-
made radionuclides




